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Abstract. Joko T, Soffan A, Muhammad Saifur Rohman MS. 2019. A novel subspecies-specific primer targeting the gyrase B gene for the 
detection of Pectobacterium carotovorum subsp. brasiliense. Biodiversitas 20: 3042-3048. Pectobacterium carotovorum subsp. 
brasiliense is one of the major causative bacterial pathogens of the soft rot disease in various crops. It has a high virulence and a wide 
range of hosts in the tropics and the subtropics. Most often, conventional methods are not able to accurately distinguish P. carotovorum 
subsp. brasiliense from other subspecies. Thus, this study aimed to design a specific gyrase B gene (gyrB) -based primers for the 
detection and identification of soft rot pathogen. The specific primers design was based on the alignment using gyrB gene sequence data 
from P. carotovorum subsp. brasiliense and other data from the GenBank. The primers comprised of F-gyr-Pcb (5’-CAC AGG CAC 
CGC TGG CTG TT-3’) and R-gyr-Pcb (5’-CGT CGT TCC ACT GCA ATG CCA-3’) with an amplicon of 336 base pairs. The 

specificity of the primers pair was verified both in silico and in polymerase chain reaction (PCR) assays, where the primers could only 
detect P. carotovorum subsp. brasiliense. Primers’ sensitivity was determined by qualitative PCR with a detection limit of less than 0.5 
ng/µL of genomic DNA. Hence, the proposed detection tool can be beneficial to advance further studies on the ecology and 
epidemiology of soft rot diseases. 
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INTRODUCTION 

As one of the major diseases of crops, soft rot leads to 

enormous losses to agriculture in different parts of the 
world (Perombelon and Kelman 1980; Bhat et al. 2010). In 

host plants, the bacterial pathogens produce massive 

pectolytic enzymes causing maceration and damage to the 

cell wall (Joko et al. 2007; 2018). Gram-negative bacteria, 

which belongs to the soft rot Enterobacteriaceae (SRE) 

group, is the causal factor of the disease (Charkowski et al. 

2012), whose main causative agents belong to the genera 

Dickeya and Pectobacterium. The host range of these 

pathogens includes monocotyledonous and dicotyledonous 

plants (Ma et al. 2007). The level of diversity in SRE 

species so vary greatly that it is attributed to the unique 

taxon in the group (Seo et al. 2002), with a range of 
different phenotypic, biochemical, host range, and genetic 

characteristic (Toth et al. 2003). The genus Pectobacterium 

comprises the following species: Pectobacterium 

carotovorum, Pectobacterium atrosepticum, Pectobacterium 

betavasculorum, Pectobacterium cacticida, Pectobacterium 

aroidearum (Nabhan et al. 2013), Pectobacterium wasabiae, 

Pectobacterium parmentieri (Khayi et al. 2016), 

Pectobacterium polaris (Dees et al. 2017), Pectobacterium 

peruviense (Waleron et al. 2018), and Pectobacterium 

punjabense (Sarfraz et al. 2018). In addition, 

Pectobacterium zantedeschiae (Waleron et al. 2019a), 
Pectobacterium aquaticum (Pedron et al. 2019), 

Pectobacterium fontis (Oulghazi et al. 2019), 

Pectobacterium polonicum (Waleron et al. 2019b), and the 

new genomospecies, Candidatus Pectobacterium maceratum 

(Shirshikov et al. 2018; Waleron et al. 2019c) are recently 

added to the genus. P. carotovorum isolates are 

subsequently divided into three different subspecies viz. P. 

carotovorum subsp. carotovorum, P. carotovorum subsp. 

odoriferum, and P. carotovorum subsp. brasiliense 

(Nabhan et al. 2012a). P. carotovorum subsp. brasiliense 
which was first discovered in Brazil (Duarte et al. 2004), 

has been reported to possess a very high virulence and 

cause blackleg symptom in potatoes and soft rot on broader 

hosts such as capsicum, wild carrot (Nabhan et al. 2012b), 

Styrian oil pumpkin (Gottsberger and Huss 2016), Chinese 

cabbage, tomato, eggplant, nepenthes (Lee et al. 2014), and 

several other perennial plants. 

It is essential that the economic loss caused by P. 

carotovorum subsp. brasiliense in plants and postharvest 

produce, and the limited alternatives for disease control, 

accurate and rapid detection techniques of the pathogen 
during the early stages of infection are highly considered. 

Using polymerase chain reaction (PCR) techniques 

involving the amplification of specific genes, pathogenic 

bacteria can be detected and identified. Such technique is 

considered as one of the most accurate detecting methods, 

compared to conventional methods or serological 

techniques (Windari et al. 2015; Ismiyatuningsih et al. 

2016). 16S rRNA gene is one of the universal genes 

commonly used for bacterial identification. However, the 

slow evolutionary rate of this gene limits its use in 

differentiating closely related species (Pei et al. 2010; 

Poretsky et al. 2014). Meanwhile, the use of housekeeping 
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genes such as the gyrase B gene (gyrB), which is not 

frequently transmitted horizontally (Jain et al. 1999), 

evolves at a higher rate than the rRNA gene and is found in 

most of the bacterial species (Kasai et al. 1998). The gyrB 

gene has been widely used in the phylogenetic analysis of 

plant pathogenic bacteria such as Pantoea ananatis 

(Nurjanah et al. 2017), Burkholderia plantarii, B. glumae, 

B. gladioli (Maeda et al. 2006), and Pseudomonas 

aeruginosa (Lee et al. 2011). The sequence homology of 

the gyrB gene in bacteria is a suitable molecular marker for 
the design specific primers and is prototypical to molecular 

detection using PCR. This study reported a new and 

sensitive pair of primers for the detection of P. 

carotovorum subsp. brasiliense designed using the partial 

gene sequence of the gyrB gene. It encodes the subunit B 

protein of the DNA gyrase and a type II DNA topoisomerase 

(which plays an important role in DNA replication, transcription 

and repair, and control the level of supercoiling) that are 

universally distributed in bacterial species. 

MATERIALS AND METHODS 

Bacterial strains 

Pectobacterium carotovorum subsp. brasiliense Pal3.4 

which was previously isolated from orchid plant tissues 

(Joko et al. 2014) were routinely cultured on yeast peptone 

agar (YPA) medium (0.5% yeast extract; 1% polypeptone; 
1.5% agar) at pH 6.8. The bacterial cultures were then 

incubated for 1-2 days at room temperature. The bacterial 

strains used to test the sensitivity and specificity of primers 

were collected from the Laboratory of Plant Diseases, 

Faculty of Agriculture, Universitas Gadjah Mada, while the 

reference strains were obtained from Belgian Co-ordinated 

Collection of Micro-organisms (Table 1). To maintain 

viability and purity, all strains were sub-cultured on sterile 

YPA medium at their optimum temperatures. 

DNA extraction 

Bacterial DNA was isolated based on the mini-
preparation DNA isolation method described by Ausubel et 

al. (2003). A volume of 1.5 mL cell culture was centrifuged 

at 5,000 rpm for 2 min. The pellets were then suspended in 

540 µL TE buffer (0.1 M Tris-HCl, 0.1 M EDTA pH 8) 

and 30 µL of 10% SDS was added. The mixture was 

incubated at 37 °C for 1 h. Furthermore, 100 µL of 5 M 

NaCl, and 80 µL CTAB/NaCl (10% CTAB in 0.7 M NaCl) 

were added to the mixture, homogenized, and incubated at 

65 oC for 10 min. A volume of 750 µL chloroform: isoamyl 

alcohol (24:1) was added, the contents of the tube were 

mixed by inversion and the mixture was centrifuged at 

12,000 rpm for 5 min. The top layer was transferred to a 
new 1.5 mL Eppendorf tube and 600 µL phenol: 

chloroform: isoamyl alcohol (25: 24:1) was added. The 

contents of the tube were mixed by inversion and then 

centrifuged at 12,000 rpm for 5 min. The top layer was 

transferred to a new Eppendorf tube and 600 µL of 

isopropanol was added to precipitate the nucleic acids. The 

mixture was centrifuged at 12,000 rpm for 5 min. The 

pellets formed were washed with 70% ethanol, dried and 

suspended in 30 µL TE buffer (Trianom et al. 2019). 

Table 1. List of bacterial strains used in this study 

 

Name of bacteria listed in collections 
Collection and 

number 

Pectobacterium carotovorum subsp. brasiliense UGM/Pal3.4 
P. carotovorum subsp. carotovorum UGM/Pcc-1 
P. carotovorum subsp. odoriferum BCCM/LMG 17566 
Acidovorax citrulli UGM/Aac-1 

A. avenae BCCM/LMG 2117 
A. cattleyae BCCM/LMG 2364 
Xanthomonas citri UGM/Xc-07 
Pantoea stewartii subsp. stewartii UGM/Pss-03 
Ralstonia syzygii subsp. syzygii UGM/KD1 
R. syzygii subsp. celebesensis UGM/BDB-05 
R. pseudosolanacearum UGM/RS-1 

 

 
 

The gyrB sequence determination 
The gyrB region of P. carotovorum subsp. brasiliense 

Pal3.4 was amplified using the PCR method described by 

Dauga (2002) with the degenerate primers gyr-320; 5’-

TAARTTYGAYGAYAACTCYTAYAAAGT-3’ (R = A 

or G; Y = C or T) and rgyr-1260; 

5’CMCCYTCCACCARGTAMAGTTC-3’ (M = A or C). 

The reaction was done using a GoTaq Green Kit 

(Promega). The 25 µL reaction volume contained 2.5 µL of 

DNA template, 1.5 µL of forward and reverse primer (10 

µM), 12.5 µL of GoTaq Green master mix and 7 µL of 

nuclease-free water. As the initial denaturation, the tubes 
were placed in a PCR machine (Biorad T100, Germany) at 

a temperature of 94 oC for 5 min. Gene amplification was 

carried out in 35 cycles, whose stages in each include: 

denaturation of DNA at 94 oC for 1 min, annealing of DNA 

at 55 oC for 1 min, extension at 72 oC for 2 min, and a final 

extension at 72 oC for 10 min. DNA was sequenced by 

sending the PCR products to the 1st BASE company in 

Malaysia (Dwimartina et al. 2017). To analyze the 

nucleotide sequences, Bioedit 7.1.7 program was in use 

(Hall 1999). 

 

Design of specific gyrB -based primers 
The primers design was based on the low conservation 

level between the gyrB genes from P. carotovorum subsp. 

brasiliense Pal3.4 and other closely related bacteria. The 

DNA sequence of the gyrB gene from P. carotovorum 

subsp. carotovorum LMG 2404T (JF311601), P. 

carotovorum subsp. odoriferum LMG 17566T (KJ818409), 

P. atrosepticum LMG 2386T (JF311589), P. wasabiae 

LMG 8444 (JF311608), P. betavasculorum LMG 2466T 

(JF311593), and P. cacticida LMG 17936T (JF311597) 

were retrieved from the GenBank Nucleotide database and 

harmonized using the Multalin program (http://multalin. 
toulouse.inra.fr/multalin/cgi-bin/multalin.pl). The 

nucleotides were picked up from the unique and low 

conservation base sequence region selected in P. 

carotovorum subsp. brasiliense. The base sequence was 

different from that in other species of Pectobacterium spp. 

Later on, analysis of forward and reverse primers for this 

analysis took place. During the design of primers, melting 

temperature (Tm), GC content, dimer potential (the ability 

of the PCR primers to anneal to each other) and hairpin 
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loop formation (Trianom et al. 2018) came into 

consideration. These properties were determined by an 

oligocalculator (Kibbe 2007), accessed via 

http://www.basic.northwestern.edu/biotools/oligocalc.html. 

Furthermore, in silico specificity of forward and reverse 

primers was analyzed using NCBI BLASTN. The selected 

primers were synthesized through Integrated DNA 

Technology (IDT, Singapore) services. 

 

Polymerase chain reaction and primer optimization 
PCR was performed using a selected specific primer. 

The reaction involved the use of master mix GoTaq Green 

(Promega), with a composition of 12.5 µL Master mix, 1.5 

µL of forward and reverse primer (10 µM), 2.5 µL of DNA 

template and 7 µL of nuclease-free water. The reaction was 

done in PCR machine (Biorad T100, Germany) at 94 oC for 

5 min for initial denaturation, followed by 35 cycles 

amplification. The annealing temperature was optimized 

using gradient PCR by carrying out the reaction at the 

following temperatures: 65 oC, 64.7 oC, 64.2 oC, 63.5 oC, 

62.5 oC, 61.8 oC, 61.3 oC and 61.0 oC (Widyaningsih et al. 
2019). To carry out the standard process of PCR, an 

extension at 72 oC for 2 min and final extension at 72 oC 

for 10 min were in use. Adequate number of cycles was 

determined in manual manner and the products of the 

reaction were maintained at 4 oC. 

The amplification results (DNA fragments) were 

analyzed using gel electrophoresis, comprising 1% agarose 

gel in 1× TBE buffer (Tris/Borate/EDTA: 89 mM Tris, 89 

mM boric acid, 2 mM EDTA, pH 8.3) at 50 volts of DC 

voltage for 50 min. To measure the size of the DNA 

fragments, a DNA ladder (Promega) of 100-bp marker was 
used. The sample was prepared by mixing 5 µL of DNA 

with 2 µL of 1% gel red (Biotium). After electrophoresis, 

the gel was visualized under UV (300 nm) illumination 

(Mahfut et al. 2016; Sutrisno et al. 2018). 

 

Specificity and sensitivity of the PCRs 

For the amplification of the predicted size fragment, 

specificity, and sensitivity, the primers pair of F-gyr-

Pcb/R-gyr-Pcb was tested. The primers’ specificity in the 

detection of P. carotovorum subsp. brasiliense was 

determined using the following bacterial species: P. 

carotovorum subsp. carotovorum Pcc-1, P. carotovorum 
subsp. odoriferum LMG 17566, Acidovorax citrulli Aac-1, 

Acidovorax avenae LMG 2117, Acidovorax cattleyae LMG 

2364, Xanthomonas citri Xc-07, Pantoea stewartii subsp. 

stewartii Pss-03, Ralstonia syzygii subsp. syzygii KD1, 

Ralstonia syzygii subsp. celebesensis BDB-05, and 

Ralstonia pseudosolanacearum RS-1. The specificity tests 

of the PCR experiments were repeated twice for the 

assessment of technological reproducibility and stability. 

In the purpose of determining how the primer 

sensitivity influenced the detection of the target bacterial 

DNA using DNA controls, the sensitivity of the PCRs were 
evaluated. The assays were carried out using a series of 

dilutions, which included control DNA (DNA suspension 

without dilution), and 10×, 50×, 100×, 500×, 1000×, and 

10,000× dilutions. Measuring the concentration of the 

control DNA (i.e. the purity) was performed using 

spectrophotometer (Genesys 10S UV-vis, Thermo 

Scientific) for the optical density ratio of OD260/OD280 

(Joko et al. 2012). The amplified products were subjected 

to electrophoresis on 1% agarose gel and visualized under 

UV (300 nm) illumination. 
 

 

RESULTS AND DISCUSSION 

 

Sequence analysis of gyrB gene and selection of primers 

pair 

Approximately 1 kb amplicon was observed by PCR 
with the universal primers of gyr-320 and rgyr-1260 from 

P. carotovorum subsp. brasiliense Pal3.4 bacterial isolate. 

The edited nucleotide sequences of the PCR product were 

determined and deposited in GenBank under the accession 

number MK358121. These partial gyrB sequences were 

then aligned with the gyrB database of the closely related 

species (P. carotovorum subsp. carotovorum, P. 

carotovorum subsp. odoriferum, P. atrosepticum, P. 

wasabiae, P. betavasculorum, P. cacticida) retrieved from 

the GenBank. The results of the bacterial alignment 

showed high similarities in the respective DNA sequences; 

P. carotovorum subsp. carotovorum and P. carotovorum 
subsp. odoriferum were detected with the highest 

conservation level at 94.7% and 94.5%, respectively. 

Specific primers for P. carotovorum subsp. brasiliense 

were determined based on the sequence region with low 

conservation; especially with those belonging to P. 

carotovorum subsp. carotovorum and P. carotovorum 

subsp. odoriferum. 

According to Frank et al. (2008), among the various 

regions in a gene sequence (i.e. the phylogeny group 

reflecting the genetic variation across species), the 

conserved region is commonly used as the universal PCR 
primer, while the variable region posing a unique sequence 

profile can be utilized as the specific primer. Therefore, 

selecting and focusing on the relatively high heterogeneity 

of gyrB sequence regions within P. carotovorum 

subspecies were essential for the successful design of a 

specific primer of P. carotovorum subsp. brasilense. 

Multiple sequence alignments of the gyrB genes of all 

Pectobacterium species revealed enough variations used to 

design subspecies-specific primer pairs of P. carotovorum 

subsp. brasilense. A pair with a base sequence of 5'-CAC 

AGG CAC CGC TGG CTG TT-3' and 5'-CGT CGT TCC 

ACT GCA ATG CCA-3' was the successfully designed 
primer based on the alignment of gyrB sequences. This 

primer is called F-gyr-Pcb (forward) and R-gyr-Pcb 

(reverse). The binding positions of the primers are starting 

at base number 456 (forward) and 797 (reverse) relative to 

the full-length of gyrB gene sequence from P. carotovorum 

subsp. brasilense type strain LMG 21371T with accession 

number JQOE01000006 and locus tag KS44_15300 

(Figure 1). 

 



JOKO et al. – Specific primer for detection of Pectobacterium carotovorum subsp. brasiliense 

 

3045 

 
Figure 1. Annealing positions of primers F-gyr-Pcb/R-gyr-Pcb in the full-length of gyrB sequence from Pectobacterium carotovorum 
subsp. brasiliense LMG 21371T (type strain). The sequence of the primers designed are underlined and indicated by arrows 

 
 
 

The primers’ characteristics of F-gyr-Pcb/R-gyr-Pcb 

include GC content: 65% (F-gyr-pcb) and 57% (R-gyr-

Pcb), melting temperature (Tm): 58 oC (F-gyr-Pcb) and 56 
oC (R-gyr-Pcb), absence of secondary structures (hairpin-
dimer) and complementary region. These properties 

indicated that the primers can be used as a specific 

candidate that is ideal for detecting the target genes 

(Dieffenbach et al. 1993). Searching the NCBI database by 

submitting the primer strings separately was the form of 

evaluating in silico primers’ pair specificity. The BLAST 

search with the 20-bp string of primer F-gyr-Pcb and 21-bp 

string of primer R-gyr-Pcb as the query was retrieved as it 

was the most similar one to the published sequences of the 

P. carotovorum subsp. brasiliense strains. It was found that 

the two primers had 100% specificity toward P. 

carotovorum subsp. brasiliense and less than 91% 

similarity to closely related bacteria (Table 2). Except for 

the expected target sequences, no other BLAST results 

were common to both searches, confirming the specificity 

of the primers’ pair. 

PCR optimization with specific primers 

Amplification was carried out using the specific primers 

(F-gyr-Pcb/R-gyr-Pcb) developed from the gyrase B genes. 

These specific primers facilitated the detection of P. 

carotovorum subsp. brasiliense with an amplicon length of 

336-bp (Figure 2). Annealing temperatures may influence 

PCR specificity. The lower annealing temperatures and 

additional PCR amplification cycles may lead to non-

specific PCR products. In this study, the most appropriate 

annealing temperature for F-gyr-Pcb/R-gyr-Pcb primers 

was found at 61 °C, with 35 cycles of PCR amplification as 



 BIODIVERSITAS  20 (10): 3042-3048, October 2019 

 

3046 

indicated from the clear single band of the expected size 

visualized from ethidium bromide gel. Other PCR 

conditions supporting the best amplification included the 

initial denaturation at 94oC for 5 min, the amplification 

process of 35 cycles comprising the denaturation process at 

94oC for 1 min, the annealing process at 61oC for 1 min, 

and elongation process at 72oC for 2 min. The standard 

PCR process was then carried out with the extension at 

72oC for 2 min, followed by a final elongation step at 72oC 

for 10 min. The consistency of the PCR program was 
analyzed using a different PCR machine from different 

manufacturers generating consistent results to infer the 

reproducibility of the PCR process (data not shown). 

 

 
Table 2. Level of similarity of forward and reverse primers 
aligned with gyrB sequences of other Pectobacterium spp. 
retrieved from GenBank. 

 

Primer 

Simi-

larity  

(%) 

Reference strains 

F-gyr-
Pcb 

89.5 P. betavasculorum LMG 2466T 

87.5 P. cacticida LMG 17936T 

84.2 P. wasabiae LMG 8444 

89.5 P. atrosepticum LMG 2386T 

85.0 P. carotovorum subsp. carotovorum LMG 2404T  

85.0 P. carotovorum subsp. odoriferum LMG 17566T 

100 P. carotovorum subsp. brasiliense LMG 21370 
    

R-gyr-
Pcb 

90.5 P. betavasculorum LMG 2466T 

85.7 P. cacticida LMG 17936T 

90.5 P. wasabiae LMG 8444 

90.5 P. atrosepticum LMG 2386T 

85.7 P. carotovorum subsp. carotovorum LMG 2404T 

90.5 P. carotovorum subsp. odoriferum LMG 17566T 

100 P. carotovorum subsp. brasiliense LMG 21370 

 

 

 

 

 

 
 
Figure 2. PCR amplification of bacterial strain DNA using 
Pectobacterium carotovorum subsp. brasiliense specific (F-gyr-
Pcb/R-gyr-Pcb) primers. PCR products were resolved by 1% 

agarose gel electrophoresis. Lane 1, P. carotovorum subsp. 
brasiliense Pal3.4; lane 2, P. carotovorum subsp. carotovorum 
Pcc-1; lane 3, P. carotovorum subsp. odoriferum LMG 17566; 
lane 4, Acidovorax citrulli Aac-1; lane 5, Acidovorax avenae 
LMG 2117; lane 6, Acidovorax cattleyae LMG 2364; lane 7, 
Xanthomonas citri Xc-07; lane 8, Pantoea stewartii subsp. 
stewartii Pss-03; lane 9, Ralstonia syzygii subsp. syzygii KD1; 
lane 10, Ralstonia syzygii subsp. celebesensis BDB-05; lane 11, 

Ralstonia pseudosolanacearum RS-1. 

 
 

Figure 3. Sensitivity of the F-gyr-Pcb/R-gyr-Pcb primers against 
serially diluted genomic DNA samples of Pectobacterium 
carotovorum subsp. brasiliense. Lanes M1/M2: 100-bp/1-kb 
ladder (Promega). Lanes 1-7: 5×103, 5×102, 102, 5×101, 101, 
5×10-1, 5×10-2 ng 

 

PCR assay for primer specificity and sensitivity 

The specificity of primers F-gyr-Br/R-gyr-Br was 
evaluated against the extracted DNA from the target and 

tested bacterial strains. The results indicated that the 

primers were highly specific for amplifying genomic DNA 

from P. carotovorum subsp. brasiliense. The single 

amplicon with the expected size (336-bp) of the target gene 

was formed consistently in all cases of PCR reaction. 

Meanwhile, for the non-target gene (other than P. 

carotovorum subsp. brasiliense), the amplicon did not form 

during the PCR reactions. The generation of a single band 

of the expected size exclusively in the target genome 

sample (P. carotovorum subsp. brasiliense) indicated that 
the designed primers pair was successfully hybridized to 

the template of DNA molecules and proved to be specific 

(Van Pelt-Verkuit et al. 2008). 

Conducting a set of tests with DNA template dilution 

proportional to the DNA concentration value (qualitative 

PCR) was done to observe primers sensitivity qualitatively. 

This result was apparently the same as the visualization of 

the DNA intensity in Figure 3. The greater the DNA 

dilution, the smaller the DNA intensity in the 

electrophoresis gel. DNA concentrations with dilutions of 

up to 10,000× (concentrations of 0.5 ng/L) could still be 
amplified with the F-gyr-Pcb/R-gyr-Pcb primers. This 

implies that it is sensitive enough that PCR is using this 

pair of primers to detect P. carotovorum subsp. brasiliense. 

These experiments substantiate the threshold level of 

qualitative PCR for detecting the amplification signal. The 

prevailing uncertainty in the identification of P. 

carotovorum subsp. brasiliense may be reduced due to the 

development of subspecies-specific primers. Kim et al. 

(2013) reported that the sensitivity of gyrB-based primers 

was much higher than in the identification using 

conventional microbiology-based culture. Therefore, the 

primers that are specifically designed may overcome the 
commonly occurring problem of subspecies detection. 

Such subspecies detection majorly exists in the culture-

dependent methods which become problematic in relatively 

lower amounts of bacterial load. The gyrB target gene 

appears to be an ideal molecular marker for the accurate 

discrimination and identification by making use of a 
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subspecies-specific PCR assay followed by direct 

sequencing. Application of PCR-based methods, combined 

with population genetic studies may help unravel the 

biological plasticity of P. carotovorum subsp. brasiliense, 

which then leads to a deeper understanding of the 

environmental risk associated with large-scale distribution 

of the bacterial pathogen. 
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