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Abstract

Cactus virus X (CVX) is a recently reported virus in pitaya that can 
significantly reduce crop yield and quality. According to the CVX genome 
sequence in GenBank (accession no. NC_002815), primers for reverse 
transcription loop-mediated isothermal amplification (RT-LAMP) and RT-PCR 
were designed to detect this virus. Our results indicated that the best LAMP 
reaction conditions were as follows: 1.2-1.6 µM of internal primers, 0.2-0.25 µM 
of external primers, 0.4-0.8 µM of loop primers, and incubation at 62°C/63°C 
for 30 min. Our data also showed that the LAMP primers specifically targeted 
CVX and resulted in the typical waterfall-like bands after gel electrophoresis and 
sigmoidal amplification curves. Ten-fold serial dilutions of CVX cDNA indicated 
that LAMP is much faster and at least 10-100 times more sensitive than RT-PCR 
in detecting this virus. In field identification using either RT-LAMP or RT-PCR, 
the majority of samples (86.7%) was positive for CVX. This is the first report of 
CVX diagnosis in China and of the use of the efficient RT-LAMP technology to 
identify CVX in the field. RT-LAMP meets the requirements for rapid diagnosis 
analysis needed for control and management of this emerging pathogen.
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amplification (LAMP) is a novel isothermal nucleic acid amplification 
technology that has been widely used to detect a variety of pathogenic 
microorganisms and genetic modifications in agricultural crops, 
livestock, aquatic organisms and humans. It has especially been used 
in plant virus detection and diagnosis [5-11]. There is currently no 
established protocol for the detection and diagnosis of CVX infection. 
In this study, we aimed to establish an efficient RT-LAMP method 
to detect CVX in pitaya in the field and compared its efficiency 
and sensitivity with an RT-PCR method. The RT-LAMP method 
described here may serve as a basis for future disease diagnosis and 
seedling or propagule quarantine. 

Material and Methods
Samples and reagents

Pitaya branches suspected to be infected with CVX were collected 
and provided by the Changjiang Nafeng Jinsheng Green Fruits and 
Vegetables Cooperative (Hainan, China). Positive controls were 
provided by the Institute of Tropical Bioscience and Biotechnology, 
Chinese Academy of Tropical Agricultural Sciences. An E.Z.N.A. 
RNA Isolation Kit and DNA markers were purchased from Omega 
Bio-Tek (USA). Bst DNA polymerase, betaine solution, dNTPs, 
fluorescent dyes and DL2000 DNA marker were purchased from the 
Guangzhou Gene Deaou Company (China). PrimeScript RT-PCR kit 
and RNase Inhibitor were purchased from Takara Bio (Japan). Papaya 
ring spot virus (PRSV), Rice ragged stunt virus (RRSV), Sorghum 
mosaic virus (SrMV) and Southern rice black-streaked dwarf virus 
(SRBSDV) were maintained on plants in the greenhouse at Institute 
of Tropical Bioscience and Biotechnology, Chinese Academy of 
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Introduction
Pitaya (also called dragon fruit; of the Cataceae family) is usually 

reproduced by asexual propagation from the branches, allowing 
viruses to easily spread and accumulate. Cactus virus X (CVX) is a 
cylindrical virion with a length of 480 to 520 nm and a member of 
the genus Potexvirus. CVX can infect many species belonging to 
Cactaceae family such as Cereus spp., Carnegiea spp., Opuntia spp., 
Schlumbergera spp. and Hylocereus spp., and appears to be gaining 
a worldwide distribution. It was first reported in pitaya in Taiwan 
in 2001 [1]. The complete nucleotide sequence of this virus was later 
cloned [2]. CVX is now an emerging threat to pitaya in the state of 
California in the United States [3]. Infected plants show symptoms 
on the epidermis of the fleshy stems, often including faded spots, 
pale yellow-green mosaics, deformed spines and necrosis. It is 
mainly spread by mechanical sap inoculation, grafting and vegetative 
propagation. 

The methods used to detect plant viruses include indicator 
plants, electron microscopy, enzyme-linked immunosorbent assays 
(ELISA), RT-PCR and LAMP [4,5]. Loop-mediated isothermal 
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Primers
According to the sequence of CVX from GenBank (accession 

no. NC_002815), we performed homology analysis by DNAMAN 
7.0 (Lynnon Biosoft) to identify unique sequences for primer design 
using Primer3 Input [12] for LAMP and PCR reactions (Table 1). 
All the primers were synthesized by Shanghai Lifei Biotechnology 
(China).

Total RNA extraction, RT-LAMP and RT-PCR
Total RNA was extracted from 200 mg of fresh healthy and 

symptomatic pitaya branches using the E.Z.N.A. RNA Isolation Kit 
according to the manufacturer’s instructions and was stored at -80°C 
for later use. LAMP was performed in a 25 μL system including 0.2 
μM of external primers CVX-F3 and CVX-B3, 1.6 μM of internal 
primers CVX-FIP and CVX-BIP, 0.8 µM of loop primers CVX-FLP 
and CVX-BLP, 1.6 mM dNTPs, 1 M betaine, 6 mM MgSO4, 2.5 μL 10X 
ThermoPol II (Mg-free) Reaction Buffer (20 mM Tris–HCl, 10 mM 
KCl, 10 mM (NH4)2SO4, 0.1% Triton X-100), 8 U Bst DNA polymerase 
(New England Biolabs, USA), 5 U AMV reverse transcriptase XL 
(Takara, Japan), 0.5 μL total RNA, and added nuclease-free water to a 
final volume of 25 μL. The mixture was covered with 20 μL mineral oil 
and was loaded on a 308C thermostat fluorescence detection system 
(Deaou Biological Technology, China). The reaction was performed 
at a single temperature 50-70°C for 60 min, and then heated at 80°C 
for 10 min to end the reaction. The real-time amplification curve 
was checked to determine if there was CVX in the plant sample. The 
products were inspected on a 1.5% agarose gel after electrophoresis at 
120 V for 15 min. 

RT-PCR was performed in a 20 μL system containing 1.25 μM of 
random primers, 1.25 μM of oligo (dT)18, 0.25 mM of dNTPs, 1 μL 
total RNA (50 ng) and added nuclease-free water to a final volume of 
15 μL. First, the mixture was incubated at 65°C for 5 min and chilled 
on ice for 2 min. Next, 0.5 μL MLV reverse transcriptase (100 U), 
0.5 μL RNase Inhibitor (20 U) and 4 μL of 5X M-MLV buffer were 
added. Then, the mixture was incubated at 42°C for 1h followed by 
inactivation of the reverse transcriptase at 75°C for 15 min and stored 
at -80°C for later use. PCR was performed in a 25 μL reaction system 
including 1 μL cDNA template, 0.5 μL Pfu Taq DNA polymerase (2.5 
units/µL), 0.4 μM CVX-D-F primer, 0.4 μM CVX-D-R primer, 1 μL 
dNTPs, and added ddH2O to a final volume of 25 μL. The thermocycler 
program was performed as follows: pre-heated at 94°C for 3 min, 30 
cycles of denaturation at 94°C for 30 s, annealing at 60°C for 30 s, and 

extension at 72°C for 1 min, with a final extension at 72°C for 10 min. 
Eight microliters of the PCR product was mixed with 1 μL Gold View 
dye for electrophoresis on a 1.5% agarose gel at 120 V for 15 min to 
visualize PCR products.

Optimization of LAMP
To optimize the LAMP reaction, we selected eight different 

reaction temperatures (50°C, 60°C, 61°C, 62°C, 63°C, 64°C, 65°C and 
75°C), four reaction times (30 min, 45 min, 60 min and 75 min) and 
four different concentrations of primers (0.4 µM, 0.8 µM, 1.2 µM and 
1.6 µM for internal primers; 0.1 µM, 0.15 µM, 0.2 µM and 0.25 µM for 
external primers; 0.1 µM, 0.2 µM 0.4 µM and 0.8 µM for loop primers) 
to compare the effects of different reaction conditions on LAMP. 

Comparison of the specificities and sensitivities of LAMP 
and RT-PCR

The cDNA from CVX and four other plant viruses including 
PRSV, RRSV, SrMV and SRBSDV were used to determine the 
specificity of LAMP. The cDNA from pitaya branches infected with 
CVX was 10-fold serially diluted in DEPC water (10-1, 10-2, 10-3, 10-4, 
10-5, 10-6, 10-7 and 10-8) to compare the sensitivities of LAMP and RT-
PCR for virus detection. 

Results
Infections in pitaya showed diverse symptoms ranging from 

none to distorted areoles, deformed spines, chlorosis, mottling and 
necrosis (Figure 1). 

Optimization of the LAMP reaction to detect CVX
The reaction temperature, time and suitable concentrations of 

primers were optimized using total RNA extracted from healthy 
plants and those suspected to be CVX-infected. Successful LAMP 
reactions produced waterfall-like bands of different sizes by gel 
electrophoresis. The results showed that no bands could be produced 
at 50°C and 75°C, and successful LAMP reactions occurred from 60°C 
to 65°C. LAMP at 62°C and 63°C could both produce very clear and 
stepwise bands and a typical sigmoidal amplification curve (Figure 2). 

Different reaction times from 30 to 75 min were also assayed 
to check the speed of RT-LAMP. Results showed that 30 min was 
enough to obtain clear bands and the typical sigmoidal curve even 
though other times (45, 60 and 75 min) also produced very clear 

Primers Sequences (5′-3′)

CVX-F3 TGCGACTCACTGGAGAGG

CVX-B3 ACCGGTTTGGCTTTGAGG

CVX-FIP GCTGAGCAGTGCCGATTGGTATCACTTTCGACGCCAACACT

CVX-BIP CGGGTGATGACTGCGCCTTTGAGACCTCGGTCTCGATCA

CVX-FLP GCGAAGGCGATGTTGCATTC

CVX-BLP GACTACGCCCCAGAGGATAA

CVX-D-F GCAGACCATCGCCTCTTTCCAACAA

CVX-D-R AAGGGGGGTAACTAACATCCCACAA

Table 1: Primers used for CVX detection by LAMP and PCR.

Figure 1: Typical symptoms on pitaya infected with CVX.
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bands (Figure 3). Thus, 30 min is adequate for quick diagnosis of 
CVX, compared to the 70+ min required for the PCR reaction. 

Different concentrations of primers were also assayed at 62°C for 
30 mins: 0.4 µM, 0.8 µM, 1.2 µM and 1.6 µM for internal primers; 
0.1 µM, 0.15 µM, 0.2 µM and 0.25 µM for external primers; 0.1 µM, 
0.2 µM 0.4 µM and 0.8 µM for loop primers. Results showed that 

the suitable concentrations for internal primers, external primers 
and loop primers were 1.2-1.6 µM, 0.2-0.25 µM and 0.4-0.8 µM, 
respectively, to produce both clear band ladders and typical sigmoidal 
curves (Figure 4). For field diagnosis, we chose 1.6 µM of internal 
primers, 0.25 µM of external primers and 0.8 µM of loop primers to 
detect CVX infection. 

Figure 2: RT-LAMP detection of CVX under different reaction temperatures. RT-LAMP amplification products were subjected to 1.5% agarose gel electrophoresis 
(A) and their amplification curves were monitored under different temperatures (B). Lane M: DL2000 DNA Marker; other lanes were LAMP products from different 
reaction temperatures: 50°C, 60°C, 61°C, 62°C, 63°C, 64°C, 65°C and 75°C.

Figure 3: RT-LAMP detection of CXV under different reaction times. RT-LAMP amplification bands were subjected to 1.5% agarose gel electrophoresis (A) and 
the application curves under different reaction times (B). Lane M: DNA Marker DL2000; other lanes were LAMP products from different reaction times: 30 min, 45 
min, 60 min and 75 min.

Figure 4: RT-LAMP detection of CXV by different concentrations of primers. RT-LAMP amplification products were subjected to 1.5% agarose gel electrophoresis 
(A) and the application curves with different concentrations of primers were monitored (B). Lane M: DNA Marker DL2000; other lanes were LAMP products from 
different concentrations of primers, lanes 1-4: 0.4 µM, 0.8 µM, 1.2 µM and 1.6 µM of internal primers; lanes 5-8: 0.1 µM, 0.15 µM, 0.2 µM and 0.25 µM of external 
primers; lanes 9-12: 0.1 µM, 0.2 µM, 0.4 µM and 0.8 µM of loop primers.
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Specificity of RT-LAMP to detect CVX
Total RNA extracted from fresh plant tissues respectively 

infected with CVX, PRSV, RRSV, SrMV and SRBSDV to evaluate the 
specificity of RT-LAMP CVX detection with our primers. Agarose 
gel electrophoresis and RT-LAMP results indicated that only CVX-
infected tissues produced ladder-like bands and an amplification 
curve. These were not detected with the other four plant viruses 
(Figure 5).

Comparison of sensitivity of RT-PCR and RT-LAMP for 
CVX 

To compare the sensitivities of RT-PCR and RT-LAMP, the 
cDNA was serially 10-fold diluted (50 ng to 5.0 x 10-8 ng). RT-PCR 
could detect 10-1, 10-2, 10-3 and 10-4 (very weak band, almost invisible) 
diluted cDNA (Figure 6A) while RT-LAMP could clearly detect 10-1 
to 10-5 diluted cDNA (Figures 6B and 6C). Therefore, RT-LAMP was 
ten to one hundred times more sensitive than RT-PCR.

Field diagnosis of CVX by RT-PCR and RT-LAMP 
In order to test the possibility of LAMP technology in practical 

applications, we collected 30 pitaya samples suspected to be infected 
with CVX from the main pitaya-growing areas in Hainan, China. 
Altogether, 26 out of 30 samples (86.7%) were diagnosed as being 
positively infected with CVX (Figure 7). The data from RT-LAMP 
exactly matched RT-PCR test results.

Discussion and Conclusion 
There are many methods to detect plant virus, such as indicator 

plants, electron microscopy, ELISA and RT-PCR. However, indicator 
plants are time-consuming, electron microscopy requires a high 

Figure 5: Specificity of RT-LAMP to detect CVX. RT-LAMP amplification 
products were subjected to 1.5% agarose gel electrophoresis (A) and the 
amplification curves were monitored (B). Lane M: DNA Marker DL2000; lane 
N: negative control; other lanes were LAMP products with different plant 
viruses: Cactus virus X (CVX), Papaya ringspot virus (PRSV), Rice ragged 
stunt virus (RRSV), Sorghum mosaic virus (SrMV) and Southern rice black-
streaked dwarf virus (SRBSDV).

concentration of virus, and ELISA is prone to producing false positive 
results. RT-PCR is generally sensitive and reliable, but it requires 
more time and is very expensive. Compared to these methods, 
RT-LAMP technology is very fast, simple and sensitive, and it can 
be conveniently and widely used in field diagnosis of plant viruses. 
Unlike RT-PCR that requires a longer time (~5 hours) for cycling 
amplification reactions, RT-LAMP does not need as many special 
reagents and can quickly detect plant viruses in a much shorter time 
(~2 hours) at a constant temperature (usually 60-65°C) and lower 
cost [13,14]. Thus, RT-LAMP saves a considerable amount of time 
and money over RT-PCR and qRT-PCR [11,15,16]. 

Previous studies showed that the sensitivity of LAMP was at least 
10 to 1,000 times higher than RT-PCR: 1,000 timer higher for Bean 
pod mottle virus [17], 100 times higher for Grapevine rupestris stem 
pitting-associated [18], 10 times higher for Arabis mosaic virus [14]. 
In our study, the sensitivity of RT-LAMP technology was at least 10-
100 times higher than RT-PCR. Moreover, RT-LAMP also indicated 
high specificity in detection of plant viruses. Conventionally, gel 
electrophoresis and ultraviolet imaging are used to check the 
amplification products of LAMP. However, addition of ~0.1 µL SYBR 
Green I fluorescent dye allows formation of the products to be easily 
observed with the naked eye [19]. Furthermore, as a thermocycler 
is not needed, the LAMP method can be applied in the field with a 
simple heating apparatus [20].

Figure 6: Sensitivities of RT-PCR and RT-LAMP to detect CVX. RT-PCR (A) 
and RT-LAMP (B) amplification bands were subjected to 1.5% agarose gel 
electrophoresis and RT-LAMP application curves in a 10-fold serial dilution 
(B). Lane M: DNA Marker DL2000; other lanes are serial dilution: 10-1, 10-2, 
10-3, 10-4, 10-5, 10-6, 10-7 and 10-8.
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In this study, we established an effective RT-LAMP detection 
approach to quickly detect CVX in the field. The method is very 
simple, fast, and specific, and is more sensitive than RT-PCR. It can 
be widely used in breeding, and field diagnosis and inspection. RT-
LAMP is quickly becoming an economical and convenient tool for 
pathogen detection by technical personnel and research institutes.
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