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1.  INTRODUCTION
Melioidosis is an infectious disease mostly prevalent 

in Southeast Asia and northern Australia and caused 
by Gram negative, free living, aerobic bacillus known 
as Burkholderia pseudomallei that is categorised as 
potential biological warfare agent1. Melioidosis cases are 
increasingly reported from Indian subcontinent during last 
few years and the reasons for this increase in incidence 
is not very clear2. Melioidosis presents a wide range of 
clinical manifestations from localised infection to acute 
pneumonia and fulminant septicaemic form3. Recurrence 
of the disease is also not uncommon and has been 
observed even in people who have undergone successful 
treatment4. Rapid diagnosis of disease is required for 
prompt treatment as delay in diagnosis could be fatal. The 
isolation of B. pseudomallei from suspected blood, urine 
sputum skin lesions and throat swab is considered as the 
‘gold standard’ for diagnosis but is time consuming and 
needs expertise5. Biochemical assays of isolated culture 
are suggestive but identity of organism needs serological 
and molecular confirmation6. The serological diagnosis 
of melioidosis is practiced in many parts of the world 
using a large number of antigen and various antibody 
detection methods. Antibody detection methods include 
IHA, ELISA, dot immunoassay and of which IHA is widely 
used for the detection of antibodies against B. pseudomallei 
despite its poor sensitivity and specificity. ELISA based on 

recombinant antigens like flicC, Bip, OmpA, Omp85, serine 
protease MprA have been developed in order to overcome 
limitation of IHA but the high background titre against B. 
pseudomallei in endemic regions lowers its utility7. Antigen 
detection methods mainly targeted to detect the organism 
from culture supernatant like latex agglutination test or 
immunofluorescent assay have gained importance because 
of their specificity but are not available commercially 
in non-endemic areas8-9. Molecular diagnostic tests like 
PCR, real time PCR, multiplex PCR, DNA microarrays have 
been designed for rapid and accurate identification of B. 
pseudomallei. The genetic variability that exists among 
closely related bacterial species often leads to false negative 
results with many of these molecular diagnostic assays10. 
Thus, in order to develop species specific assay, insilico 
approach has been used in recent years.  Identification 
of specific genes that do not show cross reactivity with 
other closely related bacterial species and development of 
species specific real time PCR assays using Taqman probes 
has gained importance11-12. But these probes based assays 
are costly and need a lot of expertise. Thus, in the present 
study insilico analysis of B. pseudomallei genome was done 
in order to identify species specific targets for development 
of SYBR Green real time PCR assay which is easy to perform 
and cheaper than probes. BLAST analysis of various genes 
present in two chromosomes of B. pseudomallei genome 
was performed and new gene targets were identified. The 
identified targets were further checked for presence across 
B. pseudomallei standard strains, clinical and soil isolates of 
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Burkholderia Species Ref ID Code

Burkholderia pseudomallei NCTC1688 BPS1688

Burkholderia pseudomallei NCTC 10274 BPS

Burkholderia pseudomallei DRDEBPS1005C BPSP

Burkholderia pseudomallei DRDEBPS1006C C1

Burkholderia pseudomallei DRDEBPS1007C C2

Burkholderia pseudomallei DRDEBPS1008C C3

Burkholderia pseudomallei DRDEBPS1009C C4

Burkholderia pseudomallei DRDEBPS1010C C5

Burkholderia pseudomallei DRDEBPS1011C C6

Burkholderia pseudomallei DRDEBPS1012C C8

Burkholderia pseudomallei DRDEBPS1015C T892

Burkholderia pseudomallei DRDEBPS1016C T911

Burkholderia pseudomallei DRDEBPS1017C T913

Burkholderia pseudomallei DRDEBPS1001S A1

Burkholderia pseudomallei DRDEBPS1002S A2

Burkholderia pseudomallei DRDEBPS1003S A4

Burkholderia pseudomallei DRDEBPS1004S A9
 cClinical isolate
S Soil isolate

Table 1.  List of Standard strains, clinical and soil isolates of 
B. pseudomallei used in study

Table 2.  List of closely related species of B. pseudomallei used 
in study

Bacterial Species Ref ID Code
Burkholderia mallei NTCC 10624 BM
Burkholderia thailandensis DRDEBPS1013 T883
Burkholderia thailandensis DRDEBPS1014 T887
Burkholderia cepacia MTCC 438 BCEP 438
Burkholderia cepacia MTCC 1617 BCEP 1617
Burkholderia cepacia MTCC Lab BCEP
Pseudomonas alcaligens MTCC 493 PALC
Pseudomonas aeruginosa MTCC 741 PAE 741
Pseudomonas aeruginosa ATCC 25668 PAER
Ralstonia  eutropha MTCC 1285 REu 1285
Burkholderia cocovenenans MTCC 1888 BCO 1888
Pseudomonas citronellolis MTCC 1191 PCI 1191
Pseudomonas synxantha MTCC 2652 PXA 2652
Brevundimonas dimuta MTCC 1287 BDI 1287
Pseudomonas mucidolens MTCC 1618 PMu 1618
Pseudomonas echinoids MTCC 1625 PEC 1625
Pseudomonas putida MTCC 102 PPu 102
acidovorex facilis MTCC 1198 AfA 1198
comamonas acidovorans MTCC 104 CAC 104
Pseudomonas elongata MTCC 2426 PEL 2426
Pseudomonas syringae MTCC 1604 PSY 1604
Pseudomonas  taetrolens MTCC 1612 PTA 1612
Ralstonia  pickettii MTCC 648 RPI 648
Pseudomonas cruciviae MTCC 512 PCR 512
Pseudomonas syncyanea MTCC 1762 PNC 1762

India. Sensitivity and specificity of all three genes was also 
determined in order to develop an effective nucleic acid 
based detection system for melioidosis. 

2.  MATeRIAlS AND MeThoDS 
2.1 Materials

PCR reagents (10X buffer (containing KCl), MgCl2, 
dNTPs, Taq DNA polymerase) purchased from MBI 
fermentas,  Thermocycler (Veriti 96 well thermal cycler 
from ABI Biosciences, QB-24 from Quanta Biotech, uK), 
Power SYBR® Green PCR master mix (Applied Biosystems, 
uSA), 7500 fast Dx Real Time PCR Instrument (Applied 
Biosystems, uSA)     
       

2.2 Bacterial Strains Maintenance and DNA 
extraction
Standard strains of B. pseudomallei (NCTC, uK), 

clinical isolates (isolated from southern states of India) and 
soil isolates (isolated from soil samples) were routinely 
cultured and preserved at DRDE, Gwalior using BHI broth 
and agar (Himedia chemicals, Mumbai, India). The list of all 
standard strains, clinical and soil isolates of B. pseudomallei 
used in this study is given in Table 1. 

The closely related bacteria were procured from 
MTCC, Institute of Microbial Technology, Chandigarh and 
were cultured and preserved in lab using BHI broth and 
agar (Himedia chemicals, Mumbai, India). The list of B. 
pseudomallei closely related species is given in Table 2. 

The maintenance of all the bacterial strains was done 
as 30% glycerol stocks in -70 °C as well as in liquid nitrogen. 
DNA was extracted by conventional Phenol: Chloroform 
extraction method using fresh overnight grown culture 
and after extraction, DNA was checked on 0.8% agarose 
gel and its purity and concentration was determined by uV 
spectrophotometer13. 

2.3 Insilico Identification of Gene Targets 
B. pseudomallei species specific new gene targets were 

identified for development of nucleic acid based detection 
system using insilico approach. Selection criteria for gene 
are as follows (i) the gene selected should be specific 
only for B. pseudomallei and not present in other closely 
related species like B. mallei and B. thailandensis and (ii) 
the gene selected should be ubiquitous and should be 
present in wide variety of B. pseudomallei from different 
geographical locations as well as from isolates of clinical 
and environmental origin. The genome of B. pseudomallei 
K96243 strain was used for the analysis and to identify 
specific genes of B. pseudomallei as per method described 
by Sakharkar14. The complete sequence B. pseudomallei 
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   Table 3. List of primers 

Primer Sequence Gene TM Gene size

BPSS0075_f 5’TTGGCGGTGTTTAGAGTG3’ bpss0075 59.9 855bp
BPSS0075_R 5’TCATGCGAATTCATCATC3’ 57.9
BPSS0076_f 5’ATGATGAATTCGCATGAA3’ bpss0076 57.4 921bp
BPSS0076_R 5’TCATACGGCTCTCATTGT3’ 56.5
BPSS0091_f 5’GTGAAAAAGAAGGTCGTA3’ bpss0091 52.4 546bp
BPSS0091_R 5’ TTATTCGTAGGCAAGC3’ 51.7

strain K96243 (Accession: BX571965.1), which consist of 
two chromosomes, chromosome 1 & 2 was downloaded 
from PuBMED, NCBI site (http://www.ncbi.nlm.nih.gov/
nuccore/BX571965.1) and each gene present on both 
the chromosomes was analysed using BLASTn. Those 
genes which showed 100% similarity to B. pseudomallei 
K96243 strain, less than or equal to 100%  similarity to 
B. pseudomallei reported strains and no similarity (0%) to 
any of the other closely related species of B. pseudomallei 
were selected. Thus, after analysing genome, 7 genes of 
chromosome 1 and 12 genes of chromosome 2 were selected 
and out of further analysis based on their e-value, function 
and gene size three genes were selected. Three genes 
selected were namely bpss0075, bpss0076 and bpss0091 
genes of chromosome 2 of B. pseudomallei K96243 strain. 
These three genes were coding for potential virulence 
factors of B. pseudomallei, having gene size between 500-
1000bp and e-value equal to 0.0 and primers were designed 
against these three targets for PCR and SYBR Green real 
time PCR assay development. 

2.4 PCR and Real Time PCR Assay of Target 
Genes
The primers of all the three selected genes bpss0075, 

bpss0076 and bpss0091 were designed using Gene Runner 
software version 3.04. The list of primers with their 
respective TM is given in Table 3. 

the amplified products were analysed using 1% agarose 
gel electrophoresis containing ethidium bromide and 
visualised under uV lamp of gel documentation system and 
images stored for further analysis (Alpha innotech, uSA). 
The SYBR Green real time PCR was carried out with same 
primers and template DNA of all strains of B. pseudomallei 
mentioned in Table 1. The SYBR Green real time PCR 
reaction mixture contained 10 pmol of each primer, 50ng 
of DNA template, 1XPower SYBR® Green PCR Master Mix 
and autoclaved milliQ water to make up to volume of 10µl. 
The amplification protocol was standardised for SYBR 
Green real time PCR and the conditions are: 50 °C for 2 
min, 95 °C for 5 min, and 40 cycles of 95 °C for 15 s and 
60 °C for 1 min. Dissociation stage (denaturation at 95 °C 
for 15 s, followed by lowering down of temperature to 60 °C 
for 15 s again denaturation at 95 °C for 15 s and final 
lowering down of temperature to 60 °C for 15 s) was 
added at end of each SYBR Green real time PCR reaction. 
The non-template controls (NTC), consisting of H2O with 
all reactions contents and no DNA were used as negative 
control in all amplification assays.

2.5 Sensitivity and Specificity of Detection Assays
In order to determine sensitivity of SYBR Green real 

time PCR assay using primers of newly identified specific 
gene targets (bpss0075, bpss0076 & bpss0091 gene) of B. 
pseudomallei, DNA concentration of template DNA of B. 
pseudomallei standard strain BPS1688 was estimated and 

then it was serially diluted 20-fold of its original 
concentration starting from 6.5ng/µl to 6.1fg/
µl. SYBR Green real time PCR assay using serially 
diluted DNA template was carried out as per 
protocol mentioned previously. Positive control 
(B. pseudomallei BPS1688 DNA) and negative 
controls (NTC, H2O with all reactions contents and 
no DNA) were run along in all amplification assays. 
In order to determine specificity of the assay 
DNA of B. pseudomallei closely related bacterial 
species mentioned in Table 2 were tested with 

primers of all three specific genes. Both positive control 
(B. pseudomallei BPS1688 DNA) and negative control (NTC, 
H2O with and without primers) were kept to ensure validity 
of experiment. 

3.  ReSulTS
3.1 Selection of Specific Genes of B. pseudomallei 

for Assay Development
The insilico identification of gene targets specific to 

B. pseudomallei was done using B. pseudomallei K96243 
genome and while analysing BLASTn results it was 
kept in mind that it should be present in other strains 
of B. pseudomallei in order to develop effective nucleic 
acid based detection system for melioidosis. The 100% 
similarity with B. pseudomallei K96243 strain was one of 
criteria for selection and in addition e-value, gene size, 
gene function were also taken into consideration. E-value 
is basically a probability of alignment occurring by chance 
and e-value equal to 0.0 means that there is no probability 

In order to determine presence of these three genes 
in different standard strains, clinical and soil isolates of 
B. pseudomallei DNA was extracted and used as template. 
Before proceeding with the development of SYBR Green 
real time PCR assay using these newly identified targets, 
presence of these three gene targets in B. pseudomallei’s 
standard strains, clinical and soil isolates was confirmed 
by conventional PCR. The reaction mixture consists of 
1X PCR Buffer, 1.5mM MgCl2,  200µM dNTPs, 10pmol of 
both forward and reverse primers, 1u Taq polymerase 
(fermentas), 50ng of DNA and the reaction volume was 
made up with adding autoclaved milliQ water to 25µl. 
PCR conditions were standardised as follows, Initial 
denaturation at 95 °C  for 5 minutes and then 30 cycles for 
amplification which included denaturation at 95 °C  for 
50 s, annealing at respective TM of each gene (59 °C  for 
bpss0075, 57 °C  for bpss0076 and 52 °C  for bpss0091) for 
50 s and then extension at 72 °C  for 1 min followed by final 
elongation at 72 °C for 10 min. After completion of PCR cycle, 
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Figure 1.  PCR amplification of bpss0091 gene with standard strains, clinical and soil isolates of B. pseudomallei Lane M: 100bp plus 
DNA ladder Lane 1: BPS1688, Lane 2: BPS, Lane 3: BPSP, Lane 4: C1, Lane 5: C2, Lane 6: C3, Lane 7: C4, Lane 8: C5, Lane 
9: C6, Lane 10: C8, Lane 11: T892, Lane 12: T911, Lane 13: T913, Lane 14: A1, Lane 15: A2, Lane 16: A4, Lane 17: A9.

Table 4.  Insilico identified Burkholderia pseudomallei species specific genes

Chromosome Gene Similarity to B. pseudomallei K96243 
strain (Accession no. BX571965.1) (%)

e-value Function

I BPSL0085 100 1e-86 Hypothetical protein
I BPSL0086 100 0.0 Hypothetical protein
I BPSL0087 100 0.0 DNA binding protein
I BPSL0088 100 0.0 Hypothetical protein
I BPSL0089 100 0.0 No significant database matches 
I BPSL0092 100 0.0 Lipoprotein, poor database matches
I BPSL0094 100 5e-75 Lipoprotein, poor database matches.
II BPSS0075 100 0.0 ABC transporter membrane protein
II BPSS0076 100 0.0 ABC transporter membrane protein
II BPSS0077A 100 4e-158 HNS like regulatory protein
II BPSS0087 100 0.0  Membrane protein
II BPSS0091 100 0.0 fimbrial protein
II BPSS0099 100 0.0 Hypothetical protein
II BPSS0100 100 0.0 Exported protein
II BPSS0110 100 0.0 Hypothetical protein
II BPSS0119 100 0.0 Two component system regulator
II BPSS0120 100 0.0 fimbrial usher protein
II BPSS0121 100 0.0 fimbrial Chaperone
II BPSS0122 100 0.0 Exported protein

of occurrence of alignment by chance. Thus, lower the 
e-value, the higher the congruity of the query sequence 
and the retrieved sequence. Genes having small size were 
selected in order to maximize SYBR Green real time PCR 
efficiency, thus out of various specific genes selected 
on both chromosomes, three genes of chromosome 2 
bpss0075, bpss0076 & bpss0091 were selected which were 
having all properties of selection criteria i.e. gene size 
equal to 855bp, 921bp and 546bp respectively,  having 
e-value equal to 0.0 and coding for important virulence 
factors of B. pseudomallei like bpss0075 & bpss0076 codes 
for ABC transporter membrane protein of B. pseudomallei 
and bpss0091 codes for fimbrial protein of B. pseudomallei  
(Table 4). 

3.2 PCR and SYBR Green Real Time PCR Assays-
based on Identified Targets
The confirmation of presence of insilico identified 

specific genes of B. pseudomallei in different geographically 
variant strains of B. pseudomallei isolated from Indian 
subcontinent requires confirmation by PCR & SYBR Green 
real time PCR assays. In the conventional PCR assay with 
bpss0091 gene primer set, 546bp amplification was 
observed in all standard strains, clinical and soil isolates 
of B. pseudomallei (fig. 1). Where as in case of bpss0075 a 
band of 855bp was observed with only one standard strain, 
5 out of 11 clinical isolates tested and no amplification was 
observed with any of the soil isolates of B. pseudomallei 
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Table 5. SYBR Green real time PCR assay with B. pseudomallei 
specific genes.

 bpss0091 bpss0075 bpss0076
Species name (Ref Id) CT TM CT TM CT TM

NCTC1688 18.7 85.8 23.2 84.6 21.8 85.0

NCTC 10274 18.2 85.6 uD 65.3 uD 65.4

DRDEBPS1005C 19.9 85.5 uD 66.4 uD 65.8

DRDEBPS1006C 18.7 85.2 23.5 84.9 21.7 85.4
DRDEBPS1007C 19.0 85.5 38.9 84.6 32.0 65.8
DRDEBPS1008C 16.1 85.6 uD 65.3 uD 66.1
DRDEBPS1009C 16.1 85.8 30.1 84.2 25.5 85.0
DRDEBPS1010C 20.1 85.8 uD 65.3 uD 65.8
DRDEBPS1011C 20.1 85.8 30.1 84.6 33.5 85.0
DRDEBPS1012C 22.8 85.8 31.9 84.2 25.0 85.0
DRDEBPS1015C 22.7 85.7 uD 65.8 uD 65.8
DRDEBPS1016C 23.2 85.7 34.9 65.1 29.7 66.5
DRDEBPS1017C 22.4 85.4 uD 67.1 uD 66.1
DRDEBPS1001S 20.8 85.3 uD 68.6 37.4 66.9
DRDEBPS1002S 19.6 85.6 31.7 71.0 33.4 66.5
DRDEBPS1003S 18.9 85.6 32.6 68.9 25.9 62.1
DRDEBPS1004S 20.3 85.6 31.7 68.6 22.6 66.1
NTC uD 68.2 uD 69.1 uD 65.4

C Clinical isolate, S Soil isolate, uD- undetermined

Figure 3.  PCR amplification of bpss0076 gene with standard strains, clinical and soil isolates of B. pseudomallei Lane M: 100bp plus 
DNA ladder Lane 1: BPS1688, Lane 2: BPS, Lane 3: BPSP, Lane 4: C1, Lane 5: C2, Lane 6: C3, Lane 7: C4, Lane 8: C5, Lane 
9: C6, Lane 10: C8, Lane 11: T892, Lane 12: T911, Lane 13: T913, Lane 14: A1, Lane 15: A2, Lane 16: A4, Lane 17: A9.

Figure 2.  PCR amplification of bpss0075 gene with standard strains, clinical and soil isolates of B. pseudomallei Lane M: 100bp plus 
DNA ladder Lane 1: BPS1688, Lane 2: BPS, Lane 3: BPSP, Lane 4: C1, Lane 5: C2, Lane 6: C3, Lane 7: C4, Lane 8: C5, Lane 
9: C6, Lane 10: C8, Lane 11: T892, Lane 12: T911, Lane 13: T913, Lane 14: A1, Lane 15: A2, Lane 16: A4, Lane 17: A9.

(fig. 2). In case of and bpss0076 amplification of 921bp 
was observed in one of the standard strains, three clinical 
isolates and no amplification was observed with any of the 
soil isolates (fig. 3). 

The results observed with SYBR Green real time PCR 
assays was similar to that of PCR assay with a difference 
that amplification specificity was determined in form of 
sharp melt curve at specific TM for each gene and CT value 
according to template used. The TM of bpss0091 gene was 
observed in range of 85.1°C - 85.8°C while for bpss0075 & 
bpss0076 gene it was observe in the range of 84.2°C - 84.9°C 
and 85.0°C - 85.4 °C, respectively and no amplification was 
observed in non-template control. Results of SYBR Green 
real time PCR assay indicating CT value and TM of each 
amplified products is shown in Table 5.                                

3.3  Analysis of Sensitivity and Specificity
The detection limit or sensitivity of SYBR Green 

based real time PCR for specific gene targets of B. 
pseudomallei i.e.bpss0075, bpss0076 and bpss0091 with 
varying concentrations of DNA was determined. The 
accurate dilution cannot be performed in a single dilution 
step and serial dilutions were performed to get desired 
concentration. The concentration of DNA was estimated 
spectophotometricaly at the start of the experiment 
every time before running the assay. It was observed that 
bpss0091 had detection limit of 12.3fg/µl while bpss0075 
& bpss0076 had detection limit of 1.58pg/µl & 0.012ng/µl 
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respectively. The melt curve of each gene was observed in 
defined range (figs. 4, 5 and 6, respectively) while CT value 
varied according to DNA concentration. When the DNA 
concentration was higher, low CT values were observed 
and no amplification was observed in non-template control 
(Table 6).                                     

The specificity of the insilico identified new gene 
targets was estimated using SYBR Green real time PCR 
assay across a wide range of bacterial species that include 
other Burkholderia species and closely related bacterial 
species to B. pseudomallei. The primer sets of all three 
genes did not show any amplification with any of the DNA 
of closely related bacterial species as while performing 
the SYBR Green real time PCR assay melt curve obtained 
for all three genes were not in their defined range, only 
peak of positive control (BPS1688 DNA) was observed at 
specific TM in defined range (Table 7), thereby confirming 
the specificity of the target. 

The assay results were as expected based on insilico 
prediction and selection criteria used for selection of new 
targets is highly suitable for selection of newer targets for 
assay development.

4.  DISCuSSIoN
A large number of molecular tools are used for 

detection of B. pseudomallei but few have clinical 

Figure 6.  Melt curve obtained for SYBR Green real time 
PCR sensitivity of bpss0076 gene using different 
concentrations of DNA of B. pseudomallei standard 
strain BPS1688.

Table 6. Sensitivity of SYBR Green real time PCR assay.

bpss0091 bpss0075 bpss0076 
Dilutions 
No.

DNA Conc. CT TM CT TM CT TM

BPS1688 
DNA

6.5 ng/µl 17.4 84.9 18.5 84.9 18.1 85.4

I 3.25 ng/µl 18.7 85.3 18.9 84.9 18.4 85.8
II 1.625 ng/µl 18.8 85.3 19.2 85.2 19.4 85.8
III 0.81 ng/µl 19.0 85.7 21.1 85.2 20.0 85.8
IV 0.40 ng/µl 19.4 85.7 22.3 85.2 22.4 85.4
V 0.2 ng/µl 19.4 85.3 23.4 84.9 22.6 85.4
VI 0.1 ng/µl 22.3 84.9 24.4 84.9 23.6 85.4
VII 0.05 ng/µl 23.5 84.9 26.4 84.6 25.9 85.1
VIII 0.025 ng/µl 24.8 84.9 28.7 84.9 27.4 85.4
IX 0.012 ng/µl 26.5 85.3 31.8 84.9 28.2 85.8
X 6.3 pg/µl 28.1 85.3 33.1 84.9 29.8 66.1
XI 3.1 pg/µl 29.0 85.7 34.2 84.9 34.8 67.4
XII 1.58 pg/µl 30.1 85.7 36.4 84.9 36.8 64.2
XIII 793 fg/µl 32.0 85.3 38.2 67.7 uD 66.5
XIV 396 fg/µl 33.1 85.3 uD 67.7 uD 66.4
XV 198 fg/µl 34.4 84.9 uD 67.7 uD 66.7
XVI 99 fg/µl 36.0 85.3 uD 66.4 uD 66.3
XVII 49.5 fg/µl 37.3 85.3 uD 64.1 uD 66.3
XVIII 25 fg/µl 37.6 85.3 uD 67.8 uD 66.4
XIX 12.3 fg/µl 38.5 85.3 uD 66.5 uD 66.1
XX 6.1 fg/µl 40.1 66.7 uD 66.4 uD 66.5
NTC 6.5 ng/µl uD 68.2 uD 67.1 uD 66.7

uD- undetermined
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Figure 5.  Melt curve obtained for SYBR Green real time 
PCR sensitivity of bpss0075 gene using different 
concentrations of DNA of B. pseudomallei standard 
strain BPS1688.
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Figure 4. Melt curve obtained for SYBR Green real time 
PCR sensitivity of bpss0091 gene using different 
concentrations of DNA of B. pseudomallei standard 
strain BPS1688.
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Table 7.  SYBR Green based real time PCR assay with DNA of B. pseudomallei closely related bacterial species

bpss0091 gene bpss0075 gene bpss0076 gene
Species name CT TM CT TM CT TM

Burkholderia mallei 10260 uD 66.1 uD 65.2 uD 65.4
Burkholderia cepacia 438 39.2 65.0 37.2 65.4 uD 65.4
Burkholderia thailandensis (T883) 36.8 64.4 37.1 66.3 uD 68.7
Burkholderia thailandensis (T887) 25.1 65.1 uD 65.6 uD 71.5
Burkholderia cepacia 1617 uD 76.8 31.9 76.8 uD 75.8
Burkholderia cepacia Lab uD 71.2 uD 69.5 uD 64.3
Pseudomonas alcaligens 31.9 65.4 uD 65.5 uD 69.4
Pseudomonas aeruginosa 741 uD 68.4 uD 65.0 uD 74.0
Pseudomonas aeruginosa Lab uD 72.0 uD 65.0 uD 74.1
Ralstonia  eutropha 1285 uD 66.3 34.5 69.8 uD 66.5
Burkholderia cocovenenans 1888 38.3 65.5 29.1 67.8 uD 65.4
Pseudomonas citronellolis 1191 29.3 69.1 uD 65.4 uD 77.8
Pseudomonas synxantha 2652 uD 69.5 uD 66.9 uD 66.2
Brevundimonas dimuta 1287 34.7 62.1 35.2 68.4 uD 77.1
Pseudomonas mucidolens 1618 34.8 62.3 uD 77.1 uD 65.4
Pseudomonas echinoids  1625 34.5 75.5 34.5 68.2 uD 76.3
Pseudomonas putida  102 29.3 67.8 32.1 68.0 39.4 65.8
acidovorex facilis 1198 37.3 65.5 uD 69.5 uD 65.4
comamonas acidovorans 104 31.1 77.1 uD 71.5 uD 66.8
Pseudomonas elongate  2426 34.5 71.1 37.6 76.8 uD 65.4
Pseudomonas syringae  1604 uD 72.3 29.3 68.4 uD 79.2
Pseudomonas  taetrolens  1612 35.0 69.8 uD 72.0 uD 65.4
Ralstonia pickettii  648 uD 65.4 37.6 66.4 uD 69.7
Pseudomonas cruciviae  512 uD 66.7 38.1 69.9 uD 65.4
Pseudomonas syncyanea 1762 uD 79.1 38.1 72.9 uD 65.4

uD- undetermined

application mainly due to issues related to specificity. The 
molecular techniques have been evolved to overcome the 
limitations of conventional culture techniques that are time 
consuming and the results mainly depend on expertise 
and facilities available in a laboratory. Efforts are on for 
development of a reliable detection system for melioidosis 
that is sensitive and specific for detection of B. pseudomallei 
from both clinical and environmental samples. There 
is a need to differentiate B. pseudomallei from its closely 
related species B. mallei and B. thailandensis. The 16SrDNA 
sequence of both B. pseudomallei and B. mallei are identical 
and to differentiate them at this level is very difficult15. 
Similarly B. pseudomallei and B. thailandensis are identical 
phenotypically and biochemically but differ at ability to 
assimilate L-Arabinose and share the same niche and are 
present in soil of endemic region for melioidosis16. The 
assay so developed for B. pseudomallei hence should have 
sequence unique to this species and absent from B. mallei 
and B. thailandensis. 

Several efforts have been made in the past to improve 

specificity of PCR for the detection of B. pseudomallei 
from clinical samples. TTS1 gene cluster was targeted and 
examined on clinical samples obtained from Northern 
Territory of Australia which is an endemic region for 
melioidosis and PCR was found to show 100 per cent 
specificity but lack sensitivity17. In another study primers 
flanking flagellin gene of B. pseudomallei were designed 
in such a way that a 15bp deletion was done and variation 
in size of amplified product could be used to differentiate 
B. pseudomallei from B. thailandensis18. The assays that 
involve size variations are again subjective and depend 
upon electrophoretic conditions and can create doubts. 
In continuation several improvements are made in PCR 
in order to differentiate B. pseudomallei from its related 
species in clinical samples available of melioidosis patients 
as well as in pure culture, mpra gene of B. pseudomallei 
was targeted and this metalloprotease gene based PCR 
was able to detect specifically B. pseudomallei and showed 
negative results for closely related species B. mallei and 
B. thailandensis19. unlike conventional PCR, real time 



25

Arora, et al.: DEf. LIfE SCI. J., VOL. 1, NO. 1, JuNE 2016, DOI : 10.14429/dlsj.1.10056

PCR assays that include SYBR Green assays as well as 
Taqman assays has also been developed to differentiate B. 
pseudomallei from its closely related species B. mallei and 
B.thailandensis and other related species and to overcome 
the limitation of PCR technique that require sequencing of 
post-PCR amplified products. Various real time PCR assays 
has been developed which include hydrolysyis probe based 
real time PCR targetting TTSS gene of B. pseudomallei, 
TaqMan allelic discrimination assay targetting SNP to 
differentiate B. pseudomallei from B. mallei, fluorescence 
probe based real time PCR targetting orf2 of TTS1 of B. 
pseudomallei 11,21-22. The probes used in these assays either 
taqman probe or fluorescence based are highly expensive 
and needs expertise as well and hence development of real 
time assays that is sensitive, specific and cost effective is 
needed for  clinical diagnosis and detection of melioidosis. 
SYBR Green real time assays allow real time monitoring 
of PCR and with addition of melt curve analysis at end of 
reaction helps in identification of specific PCR products. 
SYBR Green kits used in these cost effective in comparison to 
probes. Earlier work on using taqman probes for detection 
of B. pseudomallei is reported but in the present study we 
have standardised  SYBR Green real time PCR for sensitive 
and specific detection of B. pseudomallei.

 SYBR Green is a dsDNA binding dye which emits 
a stong fluorescence upto 1000 fold after binding to 
dsDNA in comparison to when kept free in solution. The 
detection level or point at which fluorescent signal crosses 
background noise is known as Threshold and cycle at which 
this pont is reached is known as Cycle Threshold (CT). CT 
value is dependent on amount of DNA template used i.e. 
higer DNA concentration, lower will be the CT value. for 
bpss0091, amplification was observed with all standard 
strains, clinical and soil isolates, thus CT value observed was 
in range of 18.0-21.0, thus indicating starting concentration 
of DNA used was high whereas in case of bpss0075 and 
bpss0076, only one of standard strain and few of clinical 
isolates showed amplification and CT value observed was 
in range of 21.0- 38.0 depending upon DNA concentration 
used and those with which no amplification was observed, 
CT value was either very high or undetermined. 

SYBR Green has the property of binding to every 
dsDNA, thus in order to improve specificity of assay, melt 
curve analysis was done by adding dissosciation stage 
at the end of real time PCR. During dissosciation stage, 
temperature is raised till 50% DNA gets denatured and 
during this phase there is a sharp reduction in fluorescence 
due to dissosciation of dsDNA which is observed in form of 
characteristic melt curve and the point at which dsDNA gets 
half denatured is known as melting point (TM). According to 
manufacturer, all SYBR Green real time PCR products must 
have their TM in range of 80 °C-90 °C with a single peak in 
this range with respect to specific gene product and for 
all three genes, bpss0091, bpss0075 and bpss0076, TM was 
in range of 80 °C-90 °C, while non-specific amplification 
did not fall in this range. While determining sensitivity, 
bpss0091 gene was found more sensitive in comparison to 
other two targets.  

Earlier, BPSL1664 gene of B. pseudomallei, a specific 
toxin gene was used to develop SYBR Green based real 
time PCR and its potential was evaluated against only 
five standard strains and 18 other related species20 while 
in present study, all three genes (bpss0091, bpss075 and 
bpss076) were evaluated against 2 standard strains, 11 
clinical isolates and 4 soil isolates of B. pseudomallei, thus 
validating the presence of these genes in variety of standard 
strains, clinical and soil isolates. Also the specificity of the 
gene targets was evaluated against 25 B. pseudomallei 
closely related bacterial speicies that includes B. mallei and 
B. thailandensis. Andresen20 et al.  has earlier checked the 
specificty with 18 other related species including B. mallei 
but not with B. thailandensis. The sensitivity issues related 
of conventional PCR were resolved with the availability 
of real time PCR assays with specific targets. SYBR Green 
based real time PCR developed targetting toxin gene of B. 
pseudomallei was able to detect 10fg of DNA and detection 
limit of TTSS gene based real time PCR was found out to 
be 5fg of B. pseudomallei20-21 DNA/µl. In present study the 
sensitivity of bpss0091 gene based SYBR Green real time 
PCR was determined as 12.3fg/µl, thus being highly specific 
and sensitive bpss0091 gene based SYBR Green real time 
PCR is promising and can be further evaluated on clinical 
samples for the detection of melioidosis. 

ACKNowleDGeMeNTS
The authors are highly thankful to Dr. Lokendra Singh, 

Director, DRDE and Dr. urmil Tuteja, Head Microbiology 
Division, DRDE, Gwalior for their continued support and 
guidance in this study.

ReFeReNCeS
1.  Nandi, T. & Tan, P. Less is more: Burkholderia 

pseudomallei and chronic melioidosis. mBio., 2013, 
4(5), e00709-13. 

 doi: 10.1128/mbio.00709-13
2.  Vidyalakshmi, K.; Shrikala, B., Bharathi, B. & Suchitra, 

u. Melioidosis: an under-diagnosed entity in western 
coastal India: a clinical microbiological analysis. Ind. J. 
Med. Microbiol., 2007,  25, 245-8. 

 doi: 10.4103/0255-0857.34767
3.  Koszyca, B. Currie, B.J. & Blumbergs, P.C. The 

neuropathology of melioidosis: Two cases and a review 
of the literature. clin. Neuropathol, 2004, 23, 195-203.

4.  Maharjan, B.; Chantratita, N.; Vesaratchavest, M.; 
Cheng, A.; Wuthiekanun ,V. & Chierakul, W. Recurrent 
melioidosis in patients in northeast Thailand is 
frequently due to reinfection rather than relapse. J. 
clin. Microbiol., 2005, 43, 6032–4. 

 doi: 10.1128/JCM.43.12.6032-6034.2005
5.  Limmathurotsakul, D.; Jamsen, K.; Arayawichanont, A.; 

Simpson, J.A.; White, L.J. & Lee, S.J. Defining the true 
sensitivity of culture for the diagnosis of melioidosis 
using Bayesian latent class models. PLoS ONE, 2010, 5, 
e12485. 

 doi: 10.1371/journal.pone.0012485
6.  Walsh, A.L. & Wuthiekanun, V. The laboratory diagnosis 



26

Arora, et al.: DEf. LIfE SCI. J., VOL. 1, NO. 1, JuNE 2016, DOI : 10.14429/dlsj.1.10056

of melioidosis. Br. J. Biomed. sci., 1996, 53(4), 249-53.
7.  Thepthai, C.; Smithtikarn, S.; Suksuwan, M.; Songsivilai, 

S. & Dharakul, T. Serodiagnosis of melioidosis by a 
competitive enzyme-linked immunosorbent assay 
using a lipopolysaccharide-specific monoclonal 
antibody. asian Pac. J. allergy Immunol., 2005, 23, 127-
32.

8.  Ekpo, P.; Rungpanich, u.; Pongsunk, S.; Naigowit, 
P. & Petkanchanapong, V. use of protein-specific 
monoclonal antibody-based latex agglutination for 
rapid diagnosis of Burkholderia pseudomallei infection 
in patients with community-acquired septicemia. clin. 
Vac. Immunol. 2007, 14, 811–12.

  doi: 10.1128/CVI.00011-07
9.  Wuthiekanun, V.; Desakorn, V.; Wongsuvan, G.; 

Amornchai, P.; Cheng, A.C. & Maharjan, B. et al. Rapid 
immunofluorescence microscopy for diagnosis of 
melioidosis. clin. Diag. lab Immunol., 2005, 12, 
555–6. 

 doi: 10.1128/cdli.12.4.555-556.2005
10.  Pearson, T.; Giffard, P.; Beckstrom, Sternberg 

S.; Auerbach, R.; Hornstra, H. & Tuanyok, A. 
Phylogeographic reconstruction of a bacterial species 
with high levels of lateral gene transfer. BMc Biol., 
2009, 7, 78. 

 doi: 10.1186/1741-7007-7-78
11.  Novak, R.T.; Glass, M.B.; Gee, J.E.; Gal, D.; Mayo, M.J.; 

Currie, B.J., et al. Development and evaluation of a real-
time PCR assay targeting the type III secretion system 
of Burkholderia pseudomallei. J. clin. Microbiol.,  2006, 
44(1), 85–90.

  doi: 10.1128/JCM.44.1.85-90.2006
12. Price, E.P.; Dale, J.L.; Cook, J.M.; Sarovich, D.S.; Seymour, 

M.L. & Ginther, J.L. Development and validation of 
Burkholderia pseudomallei-specific real-time PCR 
assays for clinical, environmental or forensic detection 
applications. Plos ONE, 2012, 7(5), e37723. 

 doi: 10.1371/journal.pone.0037723
13.  Sambrook, J. & Russell, D.W. Molecular cloning, a 

laboratory manual. 3rd edn. New York. Cold spring 
harbor Laboratory Press, 2001.

14.  Sakharkar, K.R.; Sakharkar, M.K. & Chow, V.T. A novel 
genomics approach for the identification of drug targets 
in pathogens, with special reference to Pseudomonas 
aeruginosa. silico. Biol., 2004, 4, 355–60.

15.  Yabuuchi, E.; Kosako, Y.; Oyaizu, H.; Yano, I.; Hotta, 
H.; Hashimoto, Y., et al. Proposal of Burkholderia 
gen. nov. and transfer of seven species of the genus 
Pseudomonas homology group II to the new genus, 
with the type species Burkholderia cepacia (Palleroni 
& Homes, 1981) comb. nov. Microbiol. Immunol., 1992, 
36, 1251-75. 

 doi: 10.1111/j.1348-0421.1992.tb02129.x
16.  Wuthiekanun, V.; Smith, M.D.; Dance, D.A.B.; Walsh, 

A.L.; Pitt T.L. et al. Biochemical characteristic of clinical 
and environmental isolates of B. pseudomallei. J. Med. 
Microbiol., 1996, 45, 408-12. 

  doi: 10.1099/00222615-45-6-408
17.  Gal, D.; Mayo, M.; Spencer, E.; Cheng, A.C. & Currie, 

B.J. Short report: Application of a polymerase chain 
reaction to detect Burkholderia pseudomallei in clinical 
specimens from patients with suspected melioidosis. 
am. J. trop. Med. hyg., 2005, 73(6), 1162–4.

18.  Sonthayanon, P.; Krasao, P.; Wuthiekanun, V.; Panyim, 
S. & Tungpradabkul, S. A simple method to detect 
and differentiate Burkholderia pseudomallei and 
Burkholderia thailandensis using specific flagellin gene 
primers. Mol. cell. Probes., 2002, 16, 217-22.   

 doi: 10.1006/mcpr.2002.0413
19.  Neubauer, H.; Sprague, L.D.; Joseph, M.; Tomaso, H.; 

Dahouk, S.A. & Witte, A. Development and clinical 
evaluation of a PCR assay targeting the metalloprotease 
gene (mpra) of B. pseudomallei. Zoon Pub Health, 2007, 
54(1), 44-50. 

 doi: 10.1111/j.1863-2378.2007.01008.x
20.  Andresen, K.; Dargis, R.; Kemp, M. & Christensen, J.J. 

Detection of Burkholderia pseudomallei by SYBR Green 
real time PCR. Open Pathol. J., 2009, 3, 30-32. 

 doi: 10.2174/1874375700903010030
21.  Thibault, f.M.; Valade, E. & Vidal, D.R. Identification and 

discrimination of Burkholderia pseudomallei, B. mallei 
and B. thailandensis by real-time PCR targeting type 
III secretion systems. J. clin. Microbiol.,  2004, 42(12), 
5871-4. 

  doi: 10.1128/JCM.42.12.5871-5874.2004
22.  Bowers, J.R.; Engelthaler, D.M.; Ginther, J.L.; Pearson, 

T.; Peacock, S.J. & Tuanyok, A. BurkDiff: a real time 
PCR allelic discrimination assay for Burkholderia 
pseudomallei and B. mallei. PLoS ONE, 2010, 5(11), 
e15413. 

 doi: 10.1371/journal.pone.0015413


