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A B S T R A C T

A loop-mediated isothermal amplification (LAMP) assay was optimized for the detection of Mesta yellow vein
mosaic virus (MeYVMV) in diseased plants of mesta (Hibiscus sabdariffa L.& H. cannabinus L.). The LAMP assay
was optimized using a set of six primers targeting the MeYVMV genome and could be completed in 30–60min at
63 °C. The LAMP amplification results were visualized by adding 1 μl of hydroxy naphthol blue (HNB) dye in a
25 μl LAMP reaction mixture prior to amplification as well as by electrophoresis. The LAMP assay, which de-
tected MeYVMV in a 10−5-fold diluted total DNA, was more sensitive than the PCR assay (10−4-fold dilution).
The optimized LAMP assay was able to detect MeYVMV in different parts of the kenaf and roselle plants.
Similarly, the optimized PCR assay was also capable of detecting MeYVMV in all the different parts of the kenaf
plant but failed to detect the virus in the stem and flower buds of the roselle plant. Validation of the LAMP and
LAMP with HNB dye assays revealed that the optimized reactions can be used successfully for the in-situ de-
tection of MeYVMV in field samples and in virus quarantine programs. This is the first report of the detection of
the begomovirus species, MeYVMV, in the mucilaginous plant species, kenaf and roselle, using a LAMP assay.

1. Introduction

Kenaf (Hibiscus cannabinus L.) and roselle (H. sabdariffa L.) are an-
nual, herbaceous, lignocellulosic crops belonging to the family
Malvaceae. These crops are grown in several countries in the world
including India (Mahadevan et al., 2009). In India, both crops are
grown for their bast fibres which provide traditional packaging material
and a good quality pulp for the production of paper. Both these crops
are also used as leafy vegetables and their seeds are rich in oil which
has a low proportion of unsaturated fatty acids and has potential
medicinal values (Duke, 1986; Pal and Jain, 1998; Wong et al., 2014)

Apart from infections by several pathogens, endemic infections of
mesta by a monopartite begomovirus, identified as Mesta yellow vein
mosaic virus (MeYVMV), have also been reported in different parts of
India (Chatterjee et al., 2005a, 2005b, 2006, Chatterjee and Ghosh,
2007a, b; Das et al., 2008; Roy et al., 2009). The genome of this virus

contains a single circular single-stranded DNA A of 2.6–2.7 kb in size
which is encapsidated in a twinned quasi-icosahedral particle and is
associated with betasatellites (Das et al., 2008; Roy et al., 2009).
MeYVMV is transmitted by whiteflies (Bemisia tabaci) in a persistent
manner. This virus reduces fibre and seed yields by 18 and 24%, re-
spectively (Roy et al., 2008). The symptoms of MeYVMV infections are
characterized by yellowing of the veins and veinlets and erratic
chlorotic flakes in the veins and veinlets, leading to a complete
chlorosis of the leaves, leaf laminae and stems (Chatterjee et al., 2006).
When infected at an early growth stage, the plants do not bear flowers,
whereas an infection at a late growth stage results in malformed flowers
and fruits, causing low seed yields. In general, the infected plant shows
stunted growth with reduced leaf size.

Both polymerase chain reaction (PCR)-based and non-PCR-based
diagnostic methods had been used successfully for the detection of
MeYVMV in host plants (Chatterjee et al., 2005a, 2007; Ghosh et al.,

https://doi.org/10.1016/j.jviromet.2018.10.016
Received 23 January 2018; Received in revised form 5 October 2018; Accepted 20 October 2018

⁎ Corresponding authors.
E-mail addresses: pnshera@yahoo.co.in (P.N. Meena), lalitkharbikar@gmail.com (L.L. Kharbikar), rajeevrana08@gmail.com (R.S. Rana),

satp1@rediffmail.com (S. Satpathy), artishanware@gmail.com (A. Shanware), pnsivalingam@gmail.com (P.N. Sivalingam),
shwetanandanwar22@gmail.com (S. Nandanwar).

1 Resigned

Journal of Virological Methods 263 (2019) 81–87

Available online 22 October 2018
0166-0934/ © 2018 Elsevier B.V. All rights reserved.

T



2007). Although the PCR-based methods are widely used, they have
several intrinsic disadvantages, such as the requirement for rapid
thermal cycling instruments and skilled technicians to operate them,
occasional low amplification efficiency and time-consuming. Thus, a
simple DNA amplification technique, known as loop-mediated iso-
thermal amplification (LAMP), was adapted for the detection of
MeYVMV in the present study.

LAMP, developed by Notomi et al. (2000), is based on the principle
of auto-cycling, strand displacement DNA synthesis performed by the
Bacillus stearothermophilus (Bst) DNA polymerase. Since four to six pri-
mers are used to amplify six to eight regions of the target DNA, the
technique is considered to be highly specific (Nagamine et al., 2002;
Notomi et al., 2000). The amplification can be performed under iso-
thermal temperatures between 60 °C and 65 °C which results in a large
number of copies of the target DNA (Notomi et al., 2000). The reaction
shows a high tolerance to biological contaminants (Kaneko et al.,
2007). Like PCR, the LAMP amplification products can be detected by
agarose gel electrophoresis and, for field application, hydroxy naphthol
blue (HNB) dye can be used to detect the amplification products
through a visual colourimetric assay (Goto et al., 2009). LAMP assays
had been used successfully for the detection of different viruses in-
fecting plants and animals (Fukuta et al., 2003a & 2003b; Yoshikawa
et al., 2004; Hong et al., 2004; Parida et al., 2004; Kaneko et al., 2005;
Nie, 2005; Pham et al., 2005; Varga and James, 2006; Dukes et al.,
2006; Kuan et al., 2010). In the present study, for the first time, a LAMP
assay was optimized for the detection of MeYVMV in field samples of
kenaf and roselle plants and can be used in quarantine programs.

2. Material and methods

2.1. Plant materials and viruses

A population of whiteflies was collected in 2013 from kenaf and
roselle plants showing severe symptoms of MeYVMV infection in the
experimental fields maintained at ICAR-Central Research Institute for
Jute and Allied Fibres, Barrackpore, West Bengal, India. These white-
flies were released on healthy seedlings of kenaf and roselle growing in
pots under controlled environmental conditions at 28–30 °C. After 2–3
weeks, leaves of the whitefly-inoculated plants showing symptoms ty-
pical of MeYVMV infection were harvested and stored at −80 °C. These
samples were confirmed infection of MeYVMV by PCR and sequence
before using into LAMP assay. Similarly, leaves from healthy plants,
maintained under the same environmental conditions without whitefly
inoculated, were also harvested and stored at −80 °C for use as con-
trols. Tomato leaves with Tomato leaf curl disease (ToLCD) symptoms,
mungbean leaves with yellow mosaic disease (MYMD) symptoms,
bhendi leaves with yellow vein mosaic disease (BYVMD) symptoms and
cotton leaves with leaf curl disease (CLCD) symptoms were also in-
cluded in this study.

2.2. DNA extraction

Total DNA was extracted from each 150mg samples of leaves, stem
and flower buds of kenaf and roselle according to the method described
by Doyle and Doyle (1987) with some minor modifications. During
DNA extraction, 2 μl of RNase A was added to each sample and in-
cubated at 37 °C for 10min to remove RNA. After incubation, one
millilitre of dichloromethane was added to each of the samples and
centrifuged at 12,000× g for 15min. The DNA was precipitated from
the supernatants and washed. Finally, the DNA pellets were dried and
re-suspended in 1x TE buffer (10mM Tris−HCl, 1 mM EDTA, pH 8).
The same method was used to extract DNA from leaves of field samples
of kenaf and roselle and, DNA from tomato leaves with ToLCD symp-
toms, mungbean leaves with YMD symptoms, bhendi leaves with YVMD
symptoms and cotton leaves with CLCD symptoms were tested. The
DNA of the whiteflies was extracted as described previously (Fukuta
et al., 2003a).

2.3. LAMP and PCR primer design

The nucleotide sequences of the DNA A of various begomovirus
species infecting H. cannabinus and H. sabdariffa (Brown and Zerbini,
2015; Malathi et al., 2017), were compared with the DNA A of various
MeYVMV isolates, MeYVMV [IN:Bar2:06] (EF428256), MeYVMV [PK-
CM-09] (FR715681) and MeYVMV-Ben [IN:Bon-LC-07] (FJ345400)
(Table 1) (Supplementary Fig. 1). Three pairs of primers were designed
on the basis of consensus nucleotide sequences among the MeYVMV
isolates with the aim of amplifying all the isolates of MeYVMV
(Table 2). For the LAMP assay, totally three pairs of primers; one pair of
each inner/internal primers (FIP and BIP), outer/external primers (F3
and B3) and loop primers (B-Loop [LB] and F- Loop [LF]) were designed
using the Primer Explorer V4 server (http://primerexplorer.jp/e/). For
the PCR assay, only one pair; outer/external primers, viz., F3 and B3,
were used as the forward and backward primers, respectively.

2.4. Optimization of the LAMP assay

The specific reagents and enzymes used in the LAMP assay,
Thermopol buffer (New England Biolabs, Ipswich, Massachusetts, USA),
betaine (Sigma Chemicals, Kolkata, India), Bst DNA polymerase (large
fragment; New England Biolabs), template DNA, dNTPs, MgSO4 and
primers, were first optimized by testing different concentrations and
volumes of these components in the LAMP reaction (Supplementary
Table 1 and 2).

The amplification temperature was then optimized by testing the
reaction at 61 °C, 62 °C, 63 °C and 65 °C for 60min and, finally, the
amplification time was optimized by testing the reaction at the opti-
mized temperature for 30, 45, 60 and 75min, respectively. All the re-
actions were terminated by heat inactivation at 80 °C for 10min. The
reactions were performed in a gradient thermal cycler (Eppendorf,
India) as well as in a water bath (JetoTech, India) in order to evaluate
the suitability of the LAMP assay for field application.

Table 1
Name of the virus species, isolates and their accession numbers used for designing primers.

Serial Number Name of the virus species and isolates NCBI GenBank Accession number

1 Cotton leaf curl Bangalore virus (CLCuBV) AY705380
2 Cotton leaf curl Multan virus (CLCuMuV) JN807763
3 Eclipta yellow vein virus (EcYVV) KT390456
4 Malvestrum yellow vein virus (MaYVV) AJ744881
5 Mesta yellow vein mosaic Bahraich virus (MeYVMBaV) EU360303
6 Okra enation leaf curl virus (OELCuV) GU111996
7 Mesta yellow vein mosaic virus (MeYVMV [IN:Bar2:06]) EF428256
8 Mesta yellow vein mosaic virus (MeYVMV [PK-CM-09]) FR715681
9 Mesta yellow vein mosaic virus (MeYVMV-Ben [IN: Bon-LC-07]) FJ345400
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The optimized assay was used to test the specificity of the LAMP
primers. Total DNA samples (100 ng) from MeYVMV-infected kenaf and
roselle plants and other plant samples were tested. Reactions containing
DNA from the respective healthy leaves and those without any template
DNA were used as controls. The assays were visualized by adding 1 μl of
HNB dye in a 25 μl LAMP reaction mixture prior to amplification. The
results were also assessed by electrophoresis of the LAMP products in
2% agarose gels.

2.5. Optimization of the PCR assay

PCR assay was optimized with various concentrations of different
components: 0.5, 1.0, 1.5 U Taq DNA polymerase, 0.5, 1.0, 1.5mM
MgCl2 and 50 ng,100 ng, 150 ng, 200 ng of DNA extracted. The opti-
mized concentrations of PCR components were used in this study. The
final reaction was carried out in a 25 μl reaction and each reaction
contains 1x PCR buffer (Qiagen, India), 0.2 mM of the total dNTPs
(Invitrogen, India), 1 U of Taq DNA polymerase (Qiagen, India), 0.2 μM
of each of the forward and reverse primer 1mM MgCl2, 100 ng of DNA
and final volume made to 25 μl with nuclease-free sterile double-dis-
tilled water. The reaction consisted of an initial incubation at 94 °C for
2min, followed by 30 cycles of melting at 94 °C for 15 s, annealing at
53 °C for 30 s and extension at 68 °C for 3min, with a final extension at
72 °C for 10min. The reactions were performed in a gradient thermal
cycler (Eppendorf, India) and the products were resolved in 1.6%
agarose gels stained with ethidium bromide.

2.6. Comparison of the sensitivities of the LAMP and PCR assays

The limits of detection of MeYVMV by the LAMP, a LAMP with HNB
dye and the PCR assays were compared using a 10° to 10−5 serial di-
lutions of a DNA sample (ca. 100 ng) purified from MeYVMV-infected
kenaf leaves. These reactions were performed using the respective op-
timized conditions and visualized as described.

2.7. Evaluation of LAMP for the detection of MeYVMV in different plant
parts

DNA (ca. 100 ng) extracted from each plant part of an infected plant
was used for MeYVMV detection by the optimized LAMP, a LAMP with
HNB dye and PCR assays, respectively. DNA (ca. 100 ng) from the
corresponding uninfected plant parts were used as negative controls.
The assays were done in duplicates.

2.8. Field validation of the LAMP assay

The optimized LAMP and LAMP with HNB dye assays were vali-
dated using DNA extracted from leaf samples harvested from field
plants potentially infected with MeYVMV based on the visual symptoms
and from whiteflies. The plant samples were obtained from field trials
of kenaf conducted in 2015–2016 at three geographical locations in

India. Ten samples each were harvested from the Advanced Varietal
Trial - I (AVT-I) and Advanced Varietal Trial – II (AVT-II) conducted at
the main farm of ICAR-CRIJAF, Barrackpore (22.76 °N 88.37 °E) and
five samples were harvested from each of the field trials conducted at
Cooch Behar (26.33 °N, 89.44 °E) and Amadalavalasa (18.41 °N
83.90 °E). The whiteflies were collected from the AVT-I and AVT-II field
trials as well as from a field trial conducted at the south farm of ICAR-
CRIJAF which was severely infected with MeYVMV in 2016.

3. Results

3.1. Optimization of the LAMP assay for the detection of MeYVMV

The optimal amounts of reagents in the assay (25 μl final volume)
were 0.5 μl (ca. 100 ng) of template DNA, 2× Thermopol buffer (New
England Biolabs, Ipswich, Massachusetts, USA), 1.4 mM each of the
dNTPs, 2 mM MgSO4, 1M betaine (Sigma Chemicals, Kolkata, India),
0.2 μM of each of the external primers F3 and B3, 2 μM of each of the
internal primers FIP and BIP, 1 μM of each of the loop primers (LB and
LF) and 8 U of Bst DNA polymerase (large fragment; New England
Biolabs) (Supplementary Table 2).

LAMP products were detected at 61, 62, 63 and 65 °C using as little
as 50 ng DNA from MeYVMV-infected leaves of kenaf (Fig. 1A). In-
creasing or decreasing the temperature beyond this range (61–65 °C)
resulted in no amplification. Very little difference was observed in the
intensity of bands obtained at these temperatures. Therefore, the re-
actions were carried out at 63 °C for further optimization of the time
required for amplification. All the reactions carried out for different
amplification times (30, 45, 60 and 75min, respectively) could produce
bands at 63 °C (Fig. 1B). Irrespective of temperature, all the positive
LAMP reactions changed colour from violet to sky blue and could be
easily visualized by the naked eye at 60min amplification time which
was considered optimal for the detection of MeYVMV using the LAMP.
A similar result was obtained while the same procedure was repeated
three times with different samples of MeYVMV-infected leaves of kenaf.

All the three primer pairs designed for the LAMP assay were found
to produce the expected amplicons (size ranging between 0.1 kb and
1.0 kb) with the DNA from MeYVMV-infected kenaf and roselle plants
(Fig. 2A) but not with the DNA of the corresponding healthy plants.
These results were also confirmed by the LAMP with HNB dye assay
(Fig. 2B). When the HNB dye was added to the LAMP reaction con-
taining DNA of the infected kenaf and roselle plants, the colour of the
reaction changed from violet to sky blue. However, the addition of HNB
dye to the LAMP assays of healthy kenaf and roselle plants did not
change the reaction colour. Similarly, there was no positive amplifi-
cation of the DNA of ToLCD, MYMD, BYVMD and CLCD by the LAMP
primers, indicating that these primers were specific to MeYVMV.

3.2. Optimization of the PCR assay for the detection of MeYVMV

The PCR optimisation results revealed that an amplification product

Table 2
Oligonucleotide primers used in polymerase chain reaction (PCR) and loop-mediated isothermal amplification (LAMP) assays to detect Mesta yellow vein mosaic virus
(MeYVMV).

Assay Primer Type Length of primer Sequence (5’ - 3’)a Genome position

PCR F3 Forward 21 nt AGTCATTGTATTTTGTTGGCA 626-646
B3 Backward 18 nt AAAACGATCACGCTGGTC 802-819

LAMP F3 Forward outer 21 nt AGTCATTGTATTTTGTTGGCA 626-646
B3 Backward outer 18 nt AAAACGATCACGCTGGTC 802-819
FIP Forward inner 46 nt ACGCCTATCTCTAACAATCCAAA-TGGATGGACGAGAACATCAAGAC 701-723, 654-674
BIP Backward inner 40 nt CTTCAGGAACCCCAAACGATTT-TCTTCACAGTAGCCGTAG 725-746, 782-799
LF Loop Forward 16 nt TTGGATGGACGAGAAC 651-666
LB Loop Backward 25 nt GTTCAATGTTTATGATAACGAGCCC 756-780

a Nucleotide sequence of MeYVMV (GenBank accession number: EF428256) available in NCBI database was used for designing the primers.
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of 190 bp was produced at the annealing temperatures of either 53, 54
or 55 °C in assays of MeYVMV-infected samples. However, the intensity
of the amplification product under the UV-transilluminator was highest
at 53 °C (data not shown). The negative control did not produce any
band (data not shown).

3.3. Comparison of the sensitivities of the LAMP and PCR assays

As little as the 10−5 concentration of genomic DNA of MeYVMV
infected plant (0.01 ng) was detectable by both LAMP and LAMP with
HNB dye assays, respectively (Fig. 3A and B). However, the highest
dilution of MeYVMV genomic DNA detectable by a PCR assay was 10-4

(Fig. 3C).

3.4. Evaluation of the LAMP assay with different parts of a
MeYVMV–infected plant

The optimized LAMP assay was capable of detecting MeYVMV in
leaves, stems and flower buds of inoculated kenaf and roselle plants
(Fig. 4). The expected products of the LAMP reactions were seen on the
agarose gel (Fig. 4A). Similarly, all the positive LAMP reactions
changed colour from violet to sky blue and could be easily visualized by
the naked eye (Fig. 4B). However, the PCR assay was capable of de-
tecting MeYVMV in leaves, stems and flower buds of inoculated kenaf
and leaves of inoculated roselle only, but not the stem and flower buds
of inoculated roselle (Fig. 4B). The result was reproducible when the
same procedure was repeated three times with different samples of
MeYVMV-infected plant parts.

3.5. Validation of the LAMP assays for field samples

The results of the validation of the LAMP assay using a total of 25
samples revealed that the optimized reaction successfully detected
MeYVMV in field samples (Fig. 5A). All the naturally infected leaf
samples from the different geographical locations in India produced the

Fig. 1. Loop-mediated isothermal amplification (LAMP) reaction products of
MeYVMV, infecting kenaf and roselle plants, at different amplification tem-
peratures (A) and time (B) respectively. Very little difference was observed in
the intensity of bands obtained at amplification temperatures of 61 °C (Lane 1),
62 °C (Lane 2), 63 °C (Lane 3) and 65 °C (Lane 4). Therefore, the reactions were
carried out at 63 °C for different amplification timings of 30min (lane 1),
45min (lane 2), 60min (lane 3) and 75min (lane 4). Lane 5: LAMP with DNA
from healthy plants (negative control) and Lane M: 1 KB Plus DNA ladder.

Fig. 2. Specificity of primers designed for LAMP assay in the present study. The
primers were found to be specific for MeYVMV only but not for its hosts, kenaf
and roselle, respectively. Amplified products were electrophoresed on 2%
agarose gel (A) and also visualized by adding HNB dye prior to amplification
(B). In electrophoresis, lane 1: amplified DNA extracted from MeYVMV infected
kenaf plant, lane 2: amplified DNA extracted from healthy kenaf plant (negative
control), lane 3: amplified DNA extracted from MeYVMV infected roselle plant,
lane 4: amplified DNA extracted from healthy roselle plant (negative control),
lane M: 1KB plus DNA ladder. In LAMP with HNB dye assay, tube 1: amplified
DNA extracted from MeYVMV infected kenaf plant, tube 2: amplified DNA
extracted from healthy kenaf plant (negative control), tube 3: amplified DNA
extracted from MeYVMV infected roselle plant, tube 4: amplified DNA extracted
from healthy roselle plant (negative control).

Fig. 3. Comparison of sensitivities of LAMP (A), LAMP with HNB dye (B) and
PCR (C) for MeYVMV detection. The serial dilutions (from 1 to 10−5) of DNA
(ca. 100 ng) extracted from MeYVMV infected leaves of kenaf were analyzed
with LAMP and PCR and electrophoresed on 2% and 1.6% agarose gels, re-
spectively (Lane 1: 100×1, Lane 2: 100× 10−1, Lane 3: 100×10-2, Lane 4:
100×10-3, Lane 5: 100×10-4, Lane 6: 100× 10-5, Lane 7: Reactions with
DNA from healthy plants (negative control) in both (A) and (C) and Lane M:
1KB plus DNA ladder in (A) and (C). In LAMP with HNB dye assay, tube 1:
100×1, tube 2: 100×10−1, tube 3: 100× 10-2, tube 4: 100× 10-3, tube 5:
100×10-4, tube 6: 100× 10-5 and tube 7: Reaction with DNA from healthy
plants (negative control).
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expected amplicons of the LAMP reaction and confirmed the presence
of MeYVMV (lanes 1, 2, 3, 4, 5 for Cooch Behar; lanes 6, 7, 8, 9, 10 for
AVT-I and lanes 11, 12, 13, 14, 15 for AVT-II in Barrackpore and lanes
16, 17, 18, 19, 20 for Amadalavalasa). The healthy leaf samples, used as
negative controls, did not produce the expected amplicons in the LAMP
reactions (lane 24). The whiteflies collected from AVT-I, AVT-II and the
south farm also produced the expected amplicons in the LAMP reactions
and confirmed for the presence of MeYVMV (lanes 21, 22 and 23). The
laboratory-reared virus-free whiteflies, used as negative control, did not
produce the expected amplicons (lane 25). The samples which pro-
duced a positive amplification in the LAMP assays also showed a colour
change reaction from violet to sky blue in the presence of the HNB dye
(Fig. 5B).

4. Discussion

Kenaf and roselle plants having a rigid cell wall and high amounts of
mucilage. Comparatively, PCR could amplify only up to a four-fold
dilution of the 100 ng MeYVMV DNA sample. Since, mucilage often
binds to secondary metabolites such as phenolics, tannins and alkaloids
and co-precipitates with DNA its presence in kenaf and roselle makes
the DNA extraction difficult (Roy et al., 2009) which results in a low
yield of DNA. In the present study, a LAMP assay was optimized and
evaluated for the detection of MeYVMV in infected parts of kenaf and
roselle plant. However, a low yield of DNA, as in the present study, was
found to be suitable for the detection of MeYVMV using the LAMP
assay. This indicated that the LAMP assay could detect a lesser quantity
of the target virus DNA compared to normal PCR. Therefore, the LAMP
assay is useful for plants yielding low quantities of the target DNA, such
as due to difficulties in extraction. Indeed, the LAMP assay successfully
amplified the target DNA from a five-fold dilution of a 100 ng of
MeYVMV infected kenaf and roselle plant DNA in this study.

Successful primer design is an important limiting factor for the
general use of LAMP in virus diagnosis. More non-specific reactions are
usually observed in LAMP assays compared to conventional PCR when
the primers used are not well designed (Boubourakas et al., 2009;
Notomi et al., 2000; Wei et al., 2012). In the present study, the two
outer primers (F3 and B3) used in LAMP assay were also successfully
utilized in the PCR assay. Therefore, separate primers for PCR assay is
not required as described in previous studies (Almasi et al., 2013;
Keizerweerd et al., 2015; Zhao et al., 2016).

The optimum amplification temperature of the LAMP assay for the
detection of MeYVMV ranged between 61 and 65 °C. This might be due
to the inactivation of the DNA polymerase or the instability in the re-
action mixture caused by too high or low temperatures (Fukuta et al.,
2004; Wei et al., 2012). The optimum amplification temperatures ob-
served in various LAMP assays were 61 to 65 °C for the detection of
Peach latent mosaic viroid (Boubourakas et al., 2009), 61 to 67 °C for
Squash leaf curl virus (Kuan et al., 2010) and 61 to 65 °C for the de-
tection of MeYVMV (in the present study). This could be due to the
different sets of primer pairs used for the amplification of the DNA from
the different viruses. When determining the optimum reaction time for
the LAMP assay using a thermal cycler, very little difference was ob-
served in the intensity of bands obtained with the different time
durations. The objective of this study was to develop a LAMP assay
suitable for the in-situ detection of MeYVMV in field samples, therefore
it is recommended that the 60min time is suitable for the HNB dye to
detect the virus.

Fig. 4. Evaluation of LAMP assay with different plant parts infected by
MeYVMV. The LAMP assay (A) was capable of detecting MeYVMV in leaves
(lane 1 and lane 4), stems (lane 2 and lane 5) and flower buds (lane 3 and lane
6) of inoculated kenaf and roselle plants. The LAMP with HNB dye assay (B)
was capable of detecting MeYVMV in leaves (tube 1 and tube 4), stems (tube 2
and tube 5) and flower buds (tube 3 and tube 6) of inoculated kenaf and roselle
plants. The PCR assay (C) was capable of detecting MeYVMV in leaves (lane 1),
stems (lane 2) and flower buds (lane 3) of inoculated kenaf and leaves (lane 4)
of roselle, but not in stems (lane 5) and flower buds (lane 6) of roselle plants.
Lane 7: Reactions with DNA from healthy plants (negative controls) in both (A)
and (C), tube 7: Reaction with DNA from healthy plants (negative control) in
(B), lane M: 1 kb plus DNA ladder in (A) and (C).

Fig. 5. Validation of LAMP (A) and LAMP with
HNB dye (B) assays optimized in the present
study to confirm the presence of MeYVMV in
naturally infected samples. All the leaf samples
obtained from different geographical locations
in India produced the expected amplicons of
LAMP reactions and positive results with HNB
dye. In LAMP, lanes 1, 2, 3, 4 and 5: Samples
from Cooch Behar, lanes 6, 7, 8, 9 and 10:
samples from AVT-I at Barrackpore, lanes 11,
12, 13, 14 and 15 samples from AVT-II at
Barrackpore, lanes 16, 17, 18, 19 and 20 sam-
ples from Amadalavalasa. The whiteflies col-
lected from AVT-I (lane 21), AVT-II (lane 22)
and the south farm (lane 23) also produced the
expected amplicons of LAMP reactions. In
LAMP with HNB dye assay, tubes 1, 2, 3, 4 and
5: Samples from Cooch Behar, tubes 6, 7, 8, 9

and 10: samples from AVT-I at Barrackpore, tubes 11, 12, 13, 14 and 15 samples from AVT-II at Barrackpore, tubes 16, 17, 18, 19 and 20 samples from
Amadalavalasa. The whiteflies collected from AVT-I (tube 21), AVT-II (tube 22) and the south farm (tube 23) also produced the positive results with HNB dye. The
healthy leaf samples (lane 24 and tube 24) as well as healthy whiteflies (lane 25 and tube 25), used as negative controls, did not show positive results for the presence
of MeYVMV. Lane M: 1 kb plus DNA ladder.
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The LAMP assay for the detection of MeYVMV was found to be
specific for the virus as these primers could not detect the other tested
begomoviruses infecting kenaf and roselle. Although the possibility of
the detection by the MeYVMV LAMP assay of another begomovirus
species, Mesta yellow vein mosaic Bahraich virus (MeYVMBaV), infects
kenaf and roselle could not be ruled out. However, this is unlikely as
nucleotide sequence identity in the corresponding genomic region be-
tween MeYVMV and MeYVMBV was only 76% (Supplementary Fig. 1).
Therefore, these primers would not detect MeYVMBV in these hosts.

The LAMP assay was capable of detecting MeYVMV in all the tested
parts of the kenaf and roselle plants, while the PCR assay failed to
detect the virus in the stem and flower buds of roselle. The reason for
this might be due to the varying concentrations of MeYVMV in the
different parts of the mesta species and the virus concentrations in the
stems and flower buds of roselle were below the limit of detection by
PCR.

Validation of the LAMP and LAMP with HNB dye assays showed that
they can be successfully used for the in-situ detection of MeYVMV in
field samples similar to Tomato yellow leaf curl virus (TYLCV) in infected
tomato plants (Fukuta et al., 2003b). These assays could also be ex-
tended to virus indexing in quarantine programs. Measurement of the
turbidity of magnesium pyrophosphate produced by the LAMP assays
has been used for detecting various pathogens (Mori and Notomi, 2009;
Nakao et al., 2010; Yamazaki et al., 2010). However, expensive
equipment, such as a real-time turbidimeter, was required. Such
equipment is not always available, especially in developing countries.
Colourimetric detection provides the simplest and most cost-efficient
way of identifying a positive or negative LAMP reaction. For better
distinguishability in calorimetric detection, a DNA intercalating dye,
SYBR Green, can be used after amplification (Hill et al., 2008; Parida
et al., 2005). Colourimetric measurements of the LAMP assay can also
be done by using an HNB dye before amplification. In the present study,
the detection sensitivity of LAMP assay using HNB dye was similar to
that of the assays using SYBR green (data not shown).

The LAMP assay optimized in this study was very useful for early
detection of low titer levels of MeYVMV in field samples of kenaf and
roselle. This assay will provide a simple, efficient and highly specific
tool for the detection of MeYVMV in virus quarantine programs. This is
the first report of detection of begomovirus in mucilaginous species like
kenaf and roselle using the LAMP.
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