
Journal of Animal Research: v.13 n.01, p. 21-31. February 2023

DOI: 10.30954/2277-940X.01.2023.3

How to cite this article: Kaur, L. and Singh, N.K. (2023). Development 
and Standardization of Polymerase Spiral Reaction for Detection of 
Marek’s Disease Virus. J. Anim. Res., 13(01): 21-31.
Source of Support: None; Conflict of Interest: None  

Development and Standardization of Polymerase Spiral Reaction for  
Detection of Marek’s Disease Virus

Lovepreet Kaur and Niraj K. Singh*

College of Animal Biotechnology, Guru Angad Dev Veterinary and Animal Sciences University, Ludhiana, Punjab, INDIA
*Corresponding author: NK Singh; E-mail: nirajvet57@gmail.com

Received: 14 Nov., 2022  Revised: 09 Jan., 2023 Accepted: 14 Jan., 2023

ABSTRACT

Marek’s disease (MD) is an infectious malignant-cell lymphoma proliferative disease caused by Marek’s disease virus (MDV). 
As MD has a significant impact on the poultry industry, numerous molecular diagnostic techniques have been developed for the 
detection of MDV. Recently, polymerase spiral reaction (PSR) has been emerging as a molecular technique to diagnose infection 
with high sensitivity and specificity. In this study, a PSR diagnostic was standardized for the detection of MDV infection. For 
PSR standardization purposes, the highly conserved glycoprotein E (gE) gene of MDV-1 was cloned into pJET1.2 plasmid and 
the recombinant plasmid was used as a template for standardization of PSR. Evaluation of the sensitivity of PSR indicated that it 
can detect up to one target molecule. The PSR and real-time polymerase chain reaction (RT-PCR) have similar sensitivity batter 
than PCR-based sensitivity for detection of MDV-1. While evaluation of the specificity indicated PSR, RT-PCR, and PCR-based 
diagnostics have similar specificity for MDV-1 diagnosis.

HIGHLIGHTS

 m PSR, and RT-PCR based diagnostic have similar sensitivity batter than PCR-based sensitivity for the detection of MDV-1.
 m PSR, RT-PCR, and PCR based diagnostics have similar specificity for MDV-1 diagnosis.

Keywords: Marek’s disease virus (MDV-1) , polymerase spiral reaction (PSR), sensitivity, and specificity

Worldwide, tremendous growth in the poultry industry has 
been achieved in the past few decades. Fast growth in this 
sector resulted in a significant concentration of poultry in 
some geographic areas (Torres et al., 2019). India ranks 
fourth for broiler and third for egg production in the 
world. Currently, with annual growth rates of 8.51 percent 
for broiler and 7.52 percent for egg production, and the 
poultry sector is one of the fastest-growing industries in 
the segment agriculture industry (Kolluri et al., 2021).

The poultry sector has been challenged by non-infectious 
and infectious diseases (Desta, 2021). Infectious diseases 
are broadly three types i.e. parasitic, bacterial, and viral. 
Many viral infections are zoonotic like avian influenza (AI) 
as well as variant strains of nonzoonotic like infectious 
laryngotracheitis (ILT), Newcastle disease (ND), 
Infectious bronchitis (IB), Marek’s disease virus (MD), 
etc have been reported in poultry (Remignon, 2018). The 

MD caused by Marek’s disease virus (MDV), a member 
of the Herpesviridae family is one of the big constraints 
on this industry (Torres et al., 2019). The MD in poultry 
is close to other neoplastic conditions like lymphatic 
leukosis caused by the Avian leucosis virus (ALV). When 
MDV pathogenesis was recognized in the late 1960s, it 
became possible to distinguish between MDV and ALV-
induced neoplasia (Osterrieder et al., 2006).

Considering the economic significance of MD in the poultry 
industry, numerous molecular diagnostic techniques have 
been developed for the detection of MDV in poultry, 
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including polymerase chain reaction (PCR), loop-mediated 
isothermal amplification (LAMP), and real-time PCR 
(RT-qPCR) (Woźniakowski and Samorek-Salamonowicz, 
2014). However, there are a few drawbacks to PCR and 
RT-qPCR, such as labor-intensive, pricey equipment and 
lengthy, onerous laboratory processes (Ganguli et al., 
2020). The choice of a correct and appropriate target for 
amplification, which should be a highly conserved area for 
a specific strain of microbe, is limited by LAMP-based 
diagnosis. Additionally, LAMP needs 4-6 primers to focus 
on less than ten primers in a narrow target sequence for 
high sensitivity and specificity. This makes it challenging 
to create precise primers for the LAMP assay (Wong et al., 
2018). In light of the aforementioned limitations of many 
existing molecular diagnostic tests, the polymerase spiral 
reaction (PSR) can be a good alternative as a molecular 
diagnostic test for MDV. In light of this, this research was 
planned on the development and standardization of PSR-
based diagnostics for MDV detection.

MATERIAL AND METHODS

Identification of conserved regions of MDV-1 genome

The complete genome of MDV-1 (Gallid alphaherpesvirus 
2) reported from China was retrieved in FASTA format 
from GenBank, NCBI (Accession Number: MW531728). 
The retrieved sequence was analyzed by the nucleotide 
Basic Local Alignment Search Tool (BLASTn) to the 
identification of the conserved regions of the MDV-1 
genome. Subsequently, gE (US8) gene (accession number 
ON698671), one of the most conserved regions of MDV-1 
encoding glycoprotein E (partial) was used for BLASTn 
analysis to identify the most conserved regions for primer 
designing.

Cloning gE gene into pJET1.2 vector

Partial gE gene was amplified by using forward primer 
(5’- TTCGCTCGAGTCCATTAAACAAATAGAATC 
GCTAAG-3’) and reverse primer (5’- AGCCGG ATCCTC 
AGTGGTATAAATCTAAGCGTTTC-3’). The reaction 
mixture (20 µl) was having 8.5 µl nuclease-free water 
(NFW), 10.0 µl 2X Master Mix (KAPA HiFi HotStart 
ReadyMix), 0.5 µl forward primer, 0.5 µl reverse primer, 
and 0.5µl MDV-1 genomic DNA. The PCR conditions 

having initial denaturation (95°C for 4 min) followed by 
25 cycles of denaturation (98°C for 45 sec), annealing 
(55°C for 30 sec), and extension (72°C for 60 sec), and 
a final extension (72°C for 7 min). The amplified PCR 
product was confirmed by electrophoresis in agarose gel 
(1%) prepared in 1X TAE followed by visualization using 
UV Trans-illuminator.

The PCR product gene (~1180 bp size) was purified using 
Gene JET Gel Extraction Kit. Purified DNA was ligated 
into pJET1.2 vector (100ng/ul) using T4 ligase. The 
ligated product was transformed into competent E.coli 
(DH5α) cells. The transformed cells were spread on Luria-
Bertani (LB) agar plate having 50 µl/ml ampicillin. The 
plate was incubated overnight at 37°C. One colony was 
selected from and incubated in the 5 ml LB broth (with 
50 µl/ml ampicillin) for 16-18 hrs at 37°C in a shaker 
incubator (200 rpm). Plasmid from bacterial culture was 
isolated using GeneJET Plasmid Miniprep kit. Isolated 
plasmid (recombinant gE-pJET1.2) was confirmed by 
PCR and also by SalI/HindIII restriction double digestion.

Primers designed for PCR/ real-time PCR (RT-PCR) 
and PSR

The primer pair for PCR/ RT-PCR was manually designed 
with the help of Oligo Explorer software. The primers 
were analyzed using the OligoAnalyzer Tool of online 
available Integrated DNA Technologies (IDT). The PCR 
primers with extra stuffer sequences at the 5’ end of 
oligonucleotides were used as PSR.

Optimization of temperature and time for diagnostic 
PSR

PSR reactions using PSR primers were performed at 
60º, 62º, 64º, 65º, 66º, 68º, and 70ºC (for 60 minutes) for 
optimization of PSR temperature. Reaction mixtures (25 
µl) were having 8.0 µl NFW, 2.5 µl Buffer (10X), MgSO4 
(100mM), 1.5 µl forward primer, 1.5 µl reverse primer, 
1.5 µl dNTPs (10 mM), 4.0 µl Betaine, 1.0 µl Bst II DNA 
polymerase (8 U/ µl) and  1.0µl gE-pJET1.2 
plasmid (105 molecule/µl). The amplified products were 
checked by agarose gel (2.5%) electrophoresis and also by 
visual detection by adding 1 μl 1:10 diluted SYBR Green 
I (10,000 × concentrated in DMSO).
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For optimization of the duration of PSR, PSRs were 
performed for 30 min, 45 min, 60 min, 75 min, and 90 
min at 65º C. Amplified products were checked by agarose 
gel (2.5%) electrophoresis and also by visual detection 
by adding 1 μl 1:10 diluted SYBR Green I (10,000 × 
concentrated in DMSO).

Sensitivity of diagnostic PSR

For estimation of sensitivity, several PSRs with different 
copy numbers of recombinant gE-pJET1.2 plasmid (as 
template) were performed. The molecular weight of 
gE-pJET1.2 plasmid was estimated using the online 
available Sequence Manipulation Suite tool (https://www.
bioinformatics.org/sms2/dna_mw.html). The nanodrop 
spectrophotometer measured the concentration of gE-
pJET1.2 plasmid in ‘µg/ml’. The µg/ml was converted into 
‘molecule/µl’ unit for recombinant plasmid. Subsequently, 
gE-pJET1.2 plasmid was diluted to seven different 
concentrations i.e. 105, 104, 103, 102, 101, 100, and 10-1 
molecule/µl. One µl each of tenfold serially diluted gE-
pJET1.2 plasmid DNA having 105, 104,103, 102, 101, 100 
(1), and 10-1 molecules were used as templates in PSR 
reactions at 65º C for 60 min. The amplified products were 
checked by agarose gel (2.5%) electrophoresis and also by 
visual detection by adding 1 μl 1:10 diluted SYBR Green 
I (10,000 × concentrated in DMSO).

Specificity of PSR

The specificity of PSR was evaluated by using gE-pJET1.2 
plasmid (105 molecule/µl), NTC, and also genomic DNA 
of fowl pox virus, ILTV, and MDV-1. One µl of each of 
above mentioned nucleic acids was used in PSR. The 
amplified products were checked by agarose gel (2.5%) 
electrophoresis and also by visual detection by adding 1 
μl 1:10 diluted SYBR Green I (10,000 × concentrated in 
DMSO).

Sensitivity of RT-PCR, and PCR

For evaluation of sensitivity, one µl each of tenfold serially 
diluted DNA having 105, 104,103, 102, 101, 100 (1), and 10-1 

molecules were used as templates in RT-PCR reactions. 
Reaction mixtures (25 µl) were having 9.5 µl NFW, SYBR 
Green master mix (2X), 1.0 µl forward primer (2.5 pmol/
μl), 1.0µl reverse primer (2.5 pmol/μl), and 1.0µl template. 

For each dilution of DNA and NTC, triplicate real-time 
PCR experiments were carried out. The RT-PCR conditions 
having initial denaturation (95°C for 5 min) followed by 
40 cycles of denaturation (95°C for 5 sec), annealing and 
extension (55°C for 30 sec), one cycle of melting curve 
analysis (Ramp from 65 to 95°C). The data acquisition 
was carried out during the annealing and extension step of 
RT-PCR. The result of RT-PCR was analyzed by the linear 
regression curve method using GraphPad Prism software 
for efficiency calculation as described by Svec et al (2015) 
using the following formula:

Efficiency (%) = (10–1/slope – 1) × 100

The sensitivity of PCR was evaluated by using seven 
different concentrations of gE-pJET1.2 plasmid as 
templates. One µl of seven different concentrations i.e. 105, 
104, 103, 102, 101, 100

, and 10-1 molecule/µl, and also NTC 
were used in PCR reactions. The reaction mixtures (25 µl) 
were having 19.5 µl NFW, 2.5 µl 10X buffer, 1.0 µl 25mM 
MgCl2, 0.5 µl forward primer, 0.5 µl reverse primer, 1.0 µl 
10 mM dNTPs, 0.5µl Taq polymerase, and 0.5 µl template. 
The PCR conditions having initial denaturation (95°C for 
3 min) followed by 35 cycles of denaturation (94°C for 30 
sec), annealing (55°C for 30 sec), and extension (72°C for 
30 sec), and a final extension (72°C for 7 min).

Specificity of RT-PCR, and PCR

The specificity of RT-PCR and PCR were evaluated by 
using gE-pJET1.2 plasmid (105 molecule/µl), NTC, and 
also genomic DNA of fowlpox virus, ILTV, and MDV-1 as 
template. One µl of each of above mentioned nucleic acids 
was used in RT-PCR and PCR.

RESULTS

Identification of conserved regions of MDV-1

Conserved regions of the MDV-1 genome were 
identified by BLASTn tools available at NCBI using 
Gallid alphaherpesvirus-2 (MDV-1) complete genome 
(Accession Number: MW531728; China) as a reference 
sequence. The BLASTn result indicated more than 99.6 
% identity with other 46 complete genome sequences of 
MDV-1 isolates. The graphic summary of BLASTn result 
indicated that most regions including the glycoprotein E 
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(gE) gene (between 161454 and 162947 bp) of MDV-1 
genome has high alignment score (Fig. 1).

Fig. 1: Graphic summary of BLASTn analysis MDV-1 complete 
genome

Cloning of the gE gene of MDV-1

Partial gE gene (-1180 bp) was amplified using high-
fidelity DNA polymerase and the amplified product 

was cloned into pJET1.2 vector. The recombinant (gE-
pJET1.2) plasmid was confirmed by PCR. A specific band 
of PCR product of approximately ~l.2 Kbp size in agarose 
gel electrophoresis confirmed recombinant plasmid (Fig. 
2A). Subsequently, confirmation of recombinant plasmid 
was performed by SalI and HindIII restriction enzymes 
digestion. Two specific bands of 638 bp and 3521 bp size 
in agarose gel confirmed the recombinant plasmid (Fig. 
2B).

The recombinant plasmid was isolated using GeneJET 
Plasmid Miniprep kit having 141 ng/µl concentration and 
1.81 OD260/280. The molecular weight (1284.55 KDa) and 
concentration (141ng/µl) of gE-pJET1.2 plasmid were 
used for estimation in the unit “molecule/µl’. Manual 
calculation indicated that plasmid stock had 6.61×1010 
molecule/µl. Subsequently, the stock plasmid was diluted 
to achieve the concentration of 105, 104, 103, 102, 101, 100, 
and 10-1 molecule/µl.

Primer designing

Based upon bioinformatics (BLASTn) analysis, a 
conserved region of 171 bp size in the gE gene (Table 1) 
was selected for primers design. Primers were designed 
manually using Oligo Explorer software and analyzed by 
Oligo Analyzer Tool of online available Integrated DNA 
Technologies (IDT) (Table 2).

Table 1: Nucleotide sequence of gE gene (16-186; partial) for designing of primers (the lower case indicated regions where primer 
bind)

5’gaatcgctaagtctgaatggagTTCCGAATATATTCCTATCTACGAAAGCAAGTAACAAGTT

GGAGATACTAAATGCTAGCCTACAAAATGCGGGTATCTACATTCGGTATTCTAGA

AATGGGACGAGGACTGCAAAGCTGGATGTTGTTGTGgttggcgttttgggtcaa3’

Table 2: Primers used for PCR /real-time PCR

Primer Forward  Reverse
Sequence 5'- GAA TCG CTA AGT CTG AAT GGA G -3' 5'- TTG ACC CAA AAC GCC AAC -3'
Complement 5'- CTC CAT TCA GAC TTA GCG ATT C -3' 5'- GTT GGC GTT TTG GGT CAA -3'
Length (Position within gE gene) 22  (16-37) 18  (169-186)
GC content 45.50% 50%
Melt temp 53.1 ºC 54 ºC
Molecular weight 6823.5 g/mole 5421.6 g/mole
Extinction coefficient 223800 L/(mole.cm) 172100 L/(mole•cm)
nmole/OD260: 4.47 5.81
µg/OD260: 30.49 31.5
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Optimization of reaction temperature and time of PSR

The reaction temperature for PSR was standardized by 
keeping P’SR reactions at six different temperatures i.e. 
60°, 62°, 64°, 66°, 68°, and 70°C for 60 min. The reaction 
at 64°C was having brightest DNA bands while at 66°C 

the most distinct laddering pattern bands were observed in 
agarose gel (Fig. 3A). Subsequently, another gradient PSR 
at 64°, 65°, and 66 °C was carried out. The PSR at 65 °C 
was having the brightest and most distinct DNA laddering 
bands (Fig. 3A).

 

(A)
(B)

 

Lane M : 1Kb DNA Ladder 
Lane 1 : NTC 
Lane 2 : gE Amplified product 

M   1     2 

~1100 bp 

M   1     2 

Lane M : 1Kb DNA Ladder 
Lane 1 : SalI and HindIII digestion 
Lane 2 : Uncut gE-pJET1.2 Plasmid

~4100 bp 

~650 bp 

Fig. 2: Confirmation of recombinant gE-pJET1.2 plasmid by PCR (A) and RE digestion
   

1 
 

 

 

1      2      3 4       5     6    M M     7     8     9

Lane M : 100 bp DNA Ladder 
Lane 1 : PSR at 60°C  
Lane 2 : PSR at 62°C  
Lane 3 : PSR at 64°C  
Lane 4 : PSR at 66°C  
Lane 5 : PSR at 68°C  
Lane 6 : PSR at 70°C  
Lane 7 : PSR at 66°C  
Lane 8 : PSR at 65°C  
Lane 9 : PSR at 64°C  

UV Light 

Normal  
Light 

 

Lane M : 100 bp DNA Ladder 
Lane 1  : PSR for 30 min 
Lane 2  : PSR for 45 min 
Lane 3  : PSR for 60 min 
Lane 4  : PSR for 75 min 
Lane 5  : PSR for 90 min 

M     1      2       3      4       5

UV Light 

Normal  
Light 

(A) (B)

Fig. 3: Optimization of PSR reaction temperature (A), and time (B)
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The reaction time for PSR was optimized by keeping PSR 
reactions for 30 min, 45 min, 60 min, 75 min, and 90 min 
at 65°C. The PSR reaction of 30 min was not having any 
band or laddering bands while the reaction of 45 min was 
having light laddering bands. Reactions kept for 60 min 
75min, and 90 min were having distinct DNA laddering 
bands (Fig. 3B).

PSR Sensitivity

The sensitivity of PSR was evaluated by using 105, 104, 
103, 102, 101, 100, and 10-1 molecules of recombinant 
plasmid as template, and also NTC was also kept to rule 
out the non-specific result. The agarose gel electrophoresis 
image indicated laddering bands of PSR in which 105, 104, 
103, 102, 101, and 100 copy number gE-pJET1.2 plasmid 
were used as template, while no specific laddering bands 
of DNA were observed in 10-1 molecule template molecule 
and NTC in agarose gel (Fig. 4).

 

M     1      2       3      4       5       6       7       8   

Lane M : 100 bp DNA Ladder 
Lane 1  : 105 template molecule 
Lane 2  : 104 template molecule 
Lane 3  : 103 template molecule 
Lane 4  : 102 template molecule 
Lane 5  : 101 template molecule 
Lane 6  : 100 template molecule 
Lane 7  : 10-1 template molecule 
Lane 8  : NTC 

UV Light 

Normal  
Light

Fig. 4: PSR sensitivity

PSR Specificity

The PSR specificity was evaluated by using recombinant 
plasmid as positive control DNA and genomic DNA from 
MDV-l, FPV, and ILTV were used as test samples. The 
NTC reaction was also performed in PSR to rule out 
non-specific amplification. Agarose gel electrophoresis 
indicated laddering bands of DNA in PSR reactions 
with positive control and MDV-1 DNA as template. PSR 
reactions with FPV and ILTV DNA and also NTC were 
not having any band (Fig. 5).

 

 

M 1 2 4 3 5 

Lane M:  100bp DNA Ladder 
Lane 1:    Positive Control 
Lane 2:    MDV DNA 
Lane 3:    FPV DNA 
Lane 4:    ILTV DNA 
Lane 5:    NTC 

UV Light 

Normal  
Light

Fig. 5: PSR specificity

Sensitivity of RT-PCR and PCR

The sensitivity of real-time PCR was evaluated by 
using 105, 104, 103, 102, 101, 100, and 10-1 molecules of 
recombinant plasmid (gE-pJET1.2) as template and also 
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NTC to rule out the non-specific result. The melting curve 
analysis indicated specific amplification in 105, 104, 103, 
102, 101, and 100 gE gene DNA molecule reactions, while 
no specific amplification was observed in 10-1 molecule 
and NTC (Fig.6A ). Using Ct values (Fig. 6B and Table 3) 
and copy numbers, a graph was plotted using GraphPad 
Prism software (Fig. 7). The slope of graph was = -2.943 + 
0.2129 (Mean + Standard Deviation) [P value = < 0.0001]. 
The efficiency of RT-PCR was calculated as described by 
Svec et al. (2015). In this study, the efficiency of real-time 
PCR was 118.6%.

Table 3: Ct values of real-time PCR using different copy number 
of target DNA

DNA 
Molecules Ct Mean Standard 

Deviation
105 12.70 12.97 13.37 13.01 0.275
104 17.37 19.25 19.38 18.67 0.918
103 22.25 24.83 21.31 22.80 1.488
102 22.68 23.53 23.63 23.28 0.426
101 25.74 26.62 26.76 26.37 0.451
100 28.59 29.40 28.69 28.89 0.361
10-1 29.47 30.10 30.36 29.98 0.375
NTC 29.52 30.08 30.40 30.00 0.363

The sensitivity of PCR-based diagnostic was also 
evaluated. It was observed that PCR reactions with 105, 
104, and 103 template molecules were having a strong 

single specific band in agarose gel while with 102, and 101 
template molecules, faint/weak intensity (Fig. 8) Mos of 
times PCR with 100 template molecules were negative for 
any band.

 

Slope = -2.943 ± 0.2129 

Efficiency = 118.6% 

 P value =  < 0.0001 
r²           = 0.9227 
 

DNA Molecules 

Fig. 7: Real-time PCR efficiency graph

Specificity of RT-PCR and PCR

The RT-PCR specificity was evaluated by using 
recombinant plasmid as positive control DNA and 
genomic DNA from MDV-l, FPV, and ILTV were used 
as test samples. The melting curve analysis indicated 

 

 

 

(A)

(B)

Fig. 6: Sentitivity plot of real-time PCR melting curve analysis (A), and amplification plot (B)
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specific amplification in positive control plasmid and 
MDV-I genomic DNA reactions, while no amplification 
was observed in FPV, ILTV, and NTC reactions (Fig. 9A). 
The Ct values of real-time PCR amplification curve also 
indicated specific amplification in positive control and 
MDV-I genomic DNA reactions (Fig. 9B, and Table 4).

 

M     1     2       3     4      5    6     7      8 

~150 bp 

Lane M : 100 bp DNA Ladder 
Lane 1 : 105 template molecule 
Lane 2 : 104 template molecule 
Lane 3 : 103 template molecule 
Lane 4 : 102 template molecule 
Lane 5 : 101 template molecule 
Lane 6 : 100 template molecule 
Lane 7 : 10-1 template molecule 
Lane 8 : NTC 

Fig. 8: PCR sensitivity

Table 4: Ct values of real-time PCR for specificity

DNA Molecules Ct

Positive Control 16.26 15.99
MDV-1 18.12 19.84
FPV 37.62 37.26
ILTV 37.20 36.37
NTC Nil Nil

The PCR specificity was also carried using recombinant 
plasmid as positive control DNA and genomic DNA 
from MDV-l, FPV, and ILTV were used as test samples. 
Agarose gel electrophoresis indicated specific bands in 
PCR reactions with positive control and MDV-1 DNA as 
template. PCR reactions with FPV and ILTV DNA and 
also NTC were not having any band (Fig. 10 and Table 6).

Comparison of sensitivity and specificity of PSR, RT-
PCR, and PCR

Among PSR, RT-PCR, and PCR-based diagnostic for 
MDV-1, the PCR has the lowest sensitivity and can detect 
efficiently up to 10 molecules of target DNA. The PSR and 
RT-PCR have equal sensitivity, and both diagnostics can 
detect efficiently up to a single molecule of target DNA 
(Table 5). PSR, RT-PCR, and PCR-based diagnostic for 
the target gene were having equal specificity as the product 
for only MDV-I specific DNA was amplified (Table 6).

(A) (B)
Fig. 9: Specificity plot of real-time PCR melting curve analysis (A), and amplification plot (B)
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M     1       2      3      4    5

Lane M : 100 bp DNA Ladder 
Lane 1 : gE-pJET1.2 template molecule  
Lane 2 : MDV-1 DNA template molecule  
Lane 3 : FPV DNA template molecule  
Lane 4 : ILTV DNA template molecule  
Lane 5 : NTC 

~150 bp 

Fig. 10: PCR specificity

Table 5: Comparison of sensitivity of PCR, real-time PCR and 
PSR

Number of template molecule
Test 105 104 103 102 101 100 10-1 NTC
PCR ++ ++ ++ + + ± – –
Real-time PCR ++ ++ ++ ++ ++ ++ – –
PSR ++ ++ ++ ++ ++ ++ – –

Table 6: Comparison of specificity of PCR, real-time PCR and 
PSR

Test Positive 
Control

MDV-1 genomic 
DNA FPV ILTV NTC

PCR ++ ++ – – –
Real-time 
PCR

++ ++ – – –

PSR ++ ++ – – –

DISCUSSION

Currently, the poultry industry has been growing at the 
rate of 7.52% and 8.5% in broiler and egg production, 
respectively, as compared to 2.9% for agricultural 

growth, in India. As per the estimation of the All-India 
Poultry Breeders Association, USD 17.31 billion annually 
contributed to the Indian economy and provides direct and 
indirect employment to 50 million people in the poultry 
sector. In the poultry sector, the broiler and layer segment 
constitutes about 65.3 and 34.7% with a monthly turnover 
of 400 million chicks and 8,400 million eggs, respectively. 
Around 1 million farmers are engaged in poultry farming 
activities with 85% of them having less than 2 hectares 
of land or are landless. Poultry in India has emerged as 
the most dynamic and diversified subsector with an annual 
production of 851.8 million birds. Globally, India has the 
third rank in egg-producing and fourth rank in broiler-
producing (Kolluri et al., 2021).

The poultry sector has been challenged by several infectious 
diseases (Desta, 2021) including Marek’s disease (MD). 
The MD caused by Marek’s disease virus (MDV), a 
member of the Herpesviridae family, is a constraint on 
this industry (Torres et al., 2019). Gupta et al. (2016) 
compared the Meq gene of MDV isolates from Ludhiana. 
Among Ludhiana MDV isolates (MDV samples collected 
from the same farm within six months period) were having 
98.9–99.8% similarity in nucleotide sequences. A similar 
kind of study by Molouki et al. (2022) indicated only 0.1–
0.8% genetic dissimilarity among the meq gene of MDV 
of Iranian strains. The meq sequences comparison among 
MDV indicated that it has 98.9–99.8% similarity at the 
nucleotide level (Gupta et al., 2016) while at amino acids 
levels it has 99.5%–100% similarity (Kannaki et al., 2021). 
To date, the work on MDV-1 complete genome nucleotide 
similarity analysis has not been carried out. BLASTn 
analysis indicated various isolates of MDV-1 have more 
than 99.6 % nucleotide identity in their complete genome 
and the gE gene of MDV-1 is highly conserved. As the 
gE gene is highly conserved in MDV-1, it was cloned 
into pJET1.2 vector and recombinant plasmid (gE- 
pJET1.2) was used as template for the development and 
standardization of molecular diagnostic.

Isothermal nucleic acid amplification techniques have 
emerged as a possible substitute for PCR-based techniques 
because it produces effective amplification at the same 
temperature without the need of a thermocycler ( Li and 
Macdonald, 2015). The first report on isothermal nucleic 
acid amplification assays appeared about 30 years ago 
with good sensitivity and promising specificity, criteria 
for developing a perfect diagnostic test in an environment 
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with restricted resources (Kosack et al., 2017). Several 
isothermal amplification techniques including Loop-
Mediated Isothermal Amplification (LAMP) (Mansour et 
al., 2015), Recombinase Polymerase Amplification (RPA) 
(Tamer et al., 2022), Nucleic Acid Sequences Based 
Amplification (NASBA) (Lau et al., 2004), Polymerase 
Spiral Reaction (PSR) (Tomar et al., 2020), etc have been 
used for viral disease diagnosis. LAMP is the most often 
used isothermal amplification technique (Aslan et al., 
2019). The choice of a correct and appropriate target for 
amplification, which should be a highly conserved area for 
a specific strain of microbe, is limited by LAMP-based 
diagnosis. Additionally, LAMP needs 4-6 primers to focus 
on less than ten primers in a narrow target sequence for 
high sensitivity and specificity. This makes it challenging 
to create precise primers for the LAMP assay (Wong et 
al., 2018).

The Polymerase Spiral Reaction (PSR) has been used as 
a unique isothermal nucleic acid amplification technique 
with high sensitivity and specificity since 2015. A Bst 
DNA polymerase and two primers designed to specifically 
target the gene sequence are used in the PSR approach. The 
forward and reverse primer sequences are complementary 
to their respective target nucleic acid sequences at their 3’ 
ends, but they are reversed to one another at their 5’ ends. 
The PSR reaction at an isothermal temperature between 
61 and 65 °C produces complex spiral shape amplified 
DNA molecules (Liu et al., 2015).

Since 2015, PSR has been developed for the detection 
of several viral pathogens including West Nile Virus 
(Tomar et al., 2020), SARS-CoV-2 (Maiti et al., 2022), 
Canine parvovirus-2 (CPV-2) (Gupta et al., 2017), 
Bovine Herpesvirus 1 (Malla et al., 2018), etc. The PSR 
reaction standardized in this study was having an optimum 
temperature of 65 °C for the one-hour duration. The PSR 
developed was highly sensitive and could detect up to one 
copy number of target nucleic acid molecules and is as 
good as RT-PCR in terms of sensitivity. Moreover, PSR 
developed in this study was highly specific and detect only 
positive recombinant plasmid and MDV-1 genomic DNA. 
The specificity of PSR was equivalent to the specificity 
of RT-PCR, and PCR. The visualization of PSR products 
were carried out by agarose gel electrophoresis (laddering 
pattering for positive result and SYBE Green based colour 
change of reactioin sample (green fluorescent colour 
for positive result). The PSR developed and standerized 

can be useful for diagnosis of MDV-1 infection of field 
samples with high sensitivity and specificity.

CONCLUSION

The PSR diagnostic was developed in this study for the 
detection of MDV-1 nucleic acid with high sensitivity and 
specificity. This PSR-based diagnostic can be useful for 
the diagnosis of MDV-1 infection of field samples.

ACKNOWLEDGMENTS

The authors thank the Director of Research, Guru 
Angad Dev Veterinary and Animal Sciences University 
(GADVASU), Ludhiana, for carrying out this research 
work and the financial support.

REFERENCES

Aslan, H., Ekinci, A. and Aslan, İ. 2019. Nucleic acid-based 
methods in the detection of foodborne pathogens, in: Natural 
Remedies for Pest, Disease and Weed Control, pp. 143–161.

Desta, T.T. 2021. Sustainable intensification of indigenous 
village chicken production system: matching the genotype 
with the environment. Trop. Anim. Health Prod., 53(3): 337

Ganguli, A., Mostafa, A., Berger, J., Aydin, M.Y., Sun, F. and 
Ramirez, S.A.S. de, Valera, E., Cunningham, B.T., King, 
W.P. and Bashir, R. 2020. Rapid isothermal amplification 
and portable detection system for SARS-CoV-2. Proc. Natl. 
Acad. Sci., 117: 22727–22735.

Gupta, M., Deka, D. and Ramneek, 2016. Sequence analysis 
of Meq oncogene among Indian isolates of Marek’s disease 
herpesvirus. Meta Gene., 9: 230–236.

Gupta, V., Chakravarti, S., Chander, V., Majumder, S., Bhat, 
S.A., Gupta, V.K. and Nandi, S. 2017. Polymerase spiral 
reaction (PSR): a novel, visual isothermal amplification 
method for detection of canine parvovirus 2 genomic DNA. 
Arch. Virol., 162: 1995–2001.

Kannaki, T.R., Priyanka, E., Nishitha, Y., Krishna, S.V., 
Haunshi, S. and Subbiah, M. 2021. Molecular detection and 
phylogenetic analysis of Marek’s disease virus virulence-
associated genes from vaccinated flocks in southern India 
reveals circulation of virulent MDV genotype. Transbound. 
Emerg. Dis., https://doi.org/10.1111/tbed.14289

Kolluri, G., Tyagi, J.S. and Sasidhar, P.V.K. 2021. Research 
Note: Indian poultry industry vis-à-vis coronavirus disease 
2019: a situation analysis report. Poult. Sci., 100.

Kosack, C.S., Page, A.L. and Klatser, P.R. 2017. A guide to aid 
the selection of diagnostic tests. Bull. World Health Organ., 
95: 639–645. 



Standardization of PSR-based diagnostic for detection of MDV-1

Journal of Animal Research: v. 13, n. 01, February 2023 31

Lau, L.T., Banks, J., Aherne, R., Brown, I.H., Dillon, N., 
Collins, R.A., Chan, K.Y., Fung, Y.W.W., Xing, J. and Yu, 
A.C.H. 2004. Nucleic acid sequence-based amplification 
methods to detect avian influenza virus. Biochem. Biophys. 
Res. Commun., 313: 336–342.

Li, J. and Macdonald, J. 2015. Advances in isothermal 
amplification: Novel strategies inspired by biological 
processes. Biosens. Bioelectron. https://doi.org/10.1016/j.
bios.2014.08.069

Liu, W., Dong, D., Yang, Z., Zou, D., Chen, Z., Yuan, J. and 
Huang, L. 2015. Polymerase Spiral Reaction (PSR): A novel 
isothermal nucleic acid amplification method. Sci. Rep., 5.

Maiti, B., Anupama, K.P., Prajna, V.S., Prerana, S., Ashwini, P. 
and Rai, P. 2022. Sensitive and visual detection of SARS-
CoV-2 using polymerase spiral reaction assay. Int. J. Infect. 
Dis., 116: S42–S43.

Malla, J.A., Chakravarti, S., Gupta, V., Chander, V., Sharma, 
G.K., Qureshi, S., Mishra, A., Gupta, V.K. and Nandi, S. 
2018. Novel Polymerase Spiral Reaction (PSR) for rapid 
visual detection of Bovine Herpesvirus 1 genomic DNA from 
aborted bovine fetus and semen. Gene., 644: 107–112.

Mansour, S.M.G., Ali, H., Chase, C.C.L. and Cepica, A. 2015. 
Loop-mediated isothermal amplification for diagnosis of 18 
World Organization for Animal Health (OIE) notifiable viral 
diseases of ruminants, swine and poultry. Anim. Heal. Res. 
Rev., 16: 89–106.

Molouki, A., Ghalyanchilangeroudi, A., Abdoshah, M., 
Shoushtari, A., Abtin, A., Eshtartabadi, F., Mahmoudzadeh 
Akhijahani, M., Ziafatikafi, Z., Babaeimarzango, S.S., 
Allahyari, E., Ahmadzadeh, L., Fallah Mehrabadi, M.H., 
Lim, S.H.E., Rouhani, K., Hosseini, H. and Nair, V. 2022. 
Report of a new meq gene size: The first study on genetic 
characterisation of Marek’s disease viruses circulating in 
Iranian commercial layer and backyard chicken. Br. Poult. 
Sci., 63: 142–149.

Osterrieder, N., Kamil, J.P., Schumacher, D., Tischer, B.K. 
and Trapp, S. 2006. Marek’s disease virus: From miasma to 
model. Nat. Rev. Microbiol., 4(4): 283-294.

Remignon, H. 2018. Achieving sustainable production of 

poultry meat, volume 3, health and welfare. Br. Poult. Sci., 
59: 356–356.

Svec, D., Tichopad, A., Novosadova, V., Pfaffl, M.W. and 
Kubista, M. 2015. How good is a PCR efficiency estimate: 
Recommendations for precise and robust qPCR efficiency 
assessments. Biomol. Detect. Quantif., 3: 9–16.

Tamer, C., Benkaroun, J., Kurucay, H.N., Albayrak, H. and 
Weidmann, M. 2022. Development of a recombinase 
polymerase amplification assay for viral haemorrhagic 
septicemia virus. J. Fish Dis., 45: 1065–1071.

Tomar, P.S., Kumar, J.S., Patel, S. and Sharma, S. 2020. 
Polymerase Spiral Reaction Assay for Rapid and Real Time 
Detection of West Nile Virus From Clinical Samples. Front. 
Cell. Infect. Microbiol., 10: 426.

Torres, A.C.D., Costa, C.S., Pinto, P.N., Santos, H.A., Amarante, 
A.F., Gómez, S.Y.M., Resende, M. and Martins, N.R. da S. 
2019a. An outbreak of intestinal obstruction by Ascaridia 
Galli in broilers in Minas Gerais. Rev. Bras. Cienc. Avic.. 21: 
4.

Torres, A.C.D., Marin, S.Y., Costa, C.S. and Martins, N.R. da S. 
2019b. An overview on marek’s disease virus evolution and 
evidence for increased virulence in Brazil. Rev. Bras. Cienc. 
Avic., 21. 

Wong, Y.-P., Othman, S., Lau, Y.-L., Radu, S. and Chee, H.-Y. 
2018. Loop-mediated isothermal amplification (LAMP): a 
versatile technique for detection of micro-organisms. J. Appl. 
Microbiol., 124: 626–643.

Woźniakowski, G. and Samorek-Salamonowicz, E. 2014. Direct 
detection of Marek’s disease virus in poultry dust by loop-
mediated isothermal amplification. Arch. Virol., 159. 




	bbib2

