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Abstract：
【Objective】In order to provide technical support for the detection of sugarcane streak mosaic virus
（SCSMV）, a reverse transcription loop-mediated isothermal amplification（RT-LAMP）assay was established.
【Method】A set of specific primers were designed from the conserved regions of coat protein gene sequences of
SCSMV. The reaction conditions for RT-LAMP were optimized and the detection sensibility and specificity of RTLAMP were analyzed and compared. For fluorescence detection, the RT-LAMP reaction products were also visually
detected by adding SYBR Green I dye to identify the results in a convenient and rapid way.【Result】A RT-LAMP
assay was developed for the rapid detection of SCSMV, and the whole detection process could be completed in 60
minutes at 60-63℃ . The RT-LAMP established in this study had high sensitivity, which was 100 times higher than that
of the traditional RT-PCR, and the lowest detection concentration was 167.9×10 -5 ng. In addition, the method had high
specificity and could be used for the specific detection of SCSMV. 【Conclusion】A sensitive, convenient and rapid
RT-LAMP assay was established and used for field detection of SCSMV samples.
Key words: sugarcane; sugarcane streak mosaic virus（SCSMV）; reverse transcription loop-mediated isothermal
amplification（RT-LAMP）; coat protein gene; field detection
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甘蔗线条花叶病毒 RT-LAMP 检测方法
的建立及应用
李战彪，谢慧婷，崔丽贤，蔡健和，秦碧霞
（广西农业科学院植物保护研究所 / 广西作物病虫害生物学重点实验室，广西 南宁 530007）
摘

要：【目的】建立甘蔗线条花叶病毒（Sugarcane streak mosaic virus，SCSMV）的 RT-LAMP 检测方法，

为 SCSMV 的检测提供技术支持。【方法】根据甘蔗线条花叶病毒外壳蛋白基因的保守序列设计特异引物，优
化 RT-LAMP 的反应条件，对比分析 RT-LAMP 的检测灵敏度和特异性；并在 RT-LAMP 反应产物中加入 SYBR
GREEN I 进行可视化检测，方便快速判定结果。【结果】成功建立了一种用于检测 SCSMV 的 RT-LAMP 方法，
可在 60 ~ 63 ℃下 60 min 完成对 SCSMV 的检测，且具有较高的灵敏度，比传统 RT-PCR 高 100 倍，最低检测
RNA 浓度为 167.9×10-5 ng。此外，该方法具有较高的特异性，可特异检测 SCSMV。【结论】建立了一种灵敏、
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简便、快速的 SCSMV RT-LAMP 检测方法并用于田间甘蔗样品的检测。
关键词：甘蔗；甘蔗线条花叶病毒（SCSMV）；环介导等温扩增（RT-LAMP）；外壳蛋白基因；田间检测

【Research significance】Sugarcane streak
mosaic virus（SCSMV）, a member of the genus
Poacevirus in the Potyviridae family［1-2］, was first

as a rapid nucleic acid detection method, which
can be applied to the detection of genomes by
using reverse transcriptase ［21］ . Further, the

reported by Hall et al. in 1998［3］. Diseases caused

LAMP and reverse transcription loop-mediated

by this virus have caused significant sugarcane

isothermal amplification（RT-LAMP）assays have

yield losses in many countries, including India,

been proven to be simple, sensitive, specific and

Bangladesh, Indonesia, Sri-Lanka, USA, Australia,

inexpensive for the detection of different DNA and

. SCSMV is

RNA viruses. Various viruses including those from

one of the major pathogens causing mosaic disease

human, animals and plants can be easily detected

in sugarcane［other two viruses are Sugarcane

by using RT-LAMP ［22-24］.【Key problems to be

mosaic virus（SCMV）and Sorghum mosaic virus

solve】The adaptation of this method is introduced

（SrMV）］. It can be transmitted by plant extracts

for the detection of SCSMV from total RNA isolated

and sugarcane setts, while insect vectors clearly

from sugarcane leaves by using a primer set based

responsible for its transmission have not yet been

on the coat protein gene sequences.

Vietnam, Thailand and China

identified

［1,10］

［2, 4-13］

. The virus now is a serious threat to

sugarcane production in many sugarcane-producing

1

Materials and methods

regions. Therefore, there is an urgent need to

1.1

establish an accurate and efficient detection method

of SCSMV, including serological test, double

Sugarcane leaves with mosaic symptoms and
healthy leaves were collected from Nanning City and
stored in -80℃ for use.
1.2 Total RNA extraction
Total RNA was extracted from sugarcane

antibody sandwich enzyme-linked immunosorbent

leaves which showed mosaic symptoms by using the

assay（DAS-ELISA）and direct antigen coating

TRIzol reagent according to the manufacturer’s

（DAC）-ELISA; reverse transcription-polymerase

instructions（Tiangen, CA, China）. RNA samples

chain reaction（RT-PCR）; immunocapture-RT-

were resuspended in 50 μL DEPC-treated water

PCR（IC-RT-PCR）and Duplex-Immunocapture

and the concentrations were measured by using a

（Duplex-IC）RT-PCR, one-step quadruplex RT-

micro-spectrophotometer（Nanodrop 2000, Thermo

PCR, colloidal gold immunochromatographic strip

Scientific, USA）.

for the forecasting and controlling of SCSMV.
【Research progress】A number of diagnostic
methods have been developed for the detection

assay, reverse transcription recombinase polymerase

1.3

Source of viruses

Primer designed for RT-LAMP

amplification（RT-RPA）and quantitative real-

The sequences of several SCSMV genomes were

time PCR［4,6,14-20］. These methods, one way or the

downloaded from the GenBank and were aligned by the

other, have their own intrinsic disadvantages, which

software vector NTI. The conserved coding regions of

include being time-consuming, with low sensitivity,

the SCSMV coat protein were selected（JX467699 and

insufficient specificity and/or requirements of

JN163911）, and primers used for RT-LAMP were

costly sophisticated instruments.【Research

designed by using the Primer Explorer V4 software

breakthrough point】 The loop-mediated isothermal

（http://primerexplorer.jp/elamp4.0.0/index.html）

amplification（LAMP）method was developed

and default settings（Table 1）.
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Table 1 RT-LAMP primers designed for
detection of SCSMV
Primer name

Length
（bp）

Genome
position

Sequence（5’-3’）

SCSMV-F3

20

9125-9144

AAGTGGACGAAAGCTGTGTT

SCSMV-B3

18

9298-9315

TTCCCGCTACGAACCGAG

SCSMV-FIP

41

9198-9219

GGCCCCATTTCGAACTCCACTT

SCSMV-BIP

41

9151-9169

GGATGGAGCTGATGGGACA

9230-9251

AACGCCAAACCTGGTATTCGCG

9277-9295

CTGAACCCACTTGTACGCC

Note: SCSMV sequences（Accession No.: JX467699 and JN163911）
were used as reference sequences. Coat protein gene sequences were used for
designing the RT-LAMP primers.

1.4

Virus detection by RT-PCR

The RT-PCR reactions were performed by
using the PrimeScript One Step RT-PCR Kit Ver.2
（TAKARA）. Primer sets B3/F3, SCMV-F/R and
SrMV-F/R were used for the detection of SCSMV,
SCMV and SrMV, respectively ［25-26］ . Separate
positive samples were used for RT-LAMP. The RTPCR reaction（2 μL of PrimeScript 1 Step Enzyme
Mix, 12.5 μL of 2×1 Step Buffer, 2 μL of Template
RNA, 1 μL each of B3/F3, the reaction was brought
to 25 μL with RNase-free water）was carried out in
a thermocycler（TP 350, TaKaRa, CA, China）with
the following procedure: initial incubation（50 ℃ for
30 min, then 94 ℃ for 2 min）, 35 cycles of 94 ℃ for
30 s, 60 ℃ for 30 s and 72 ℃ for 30 s, followed by a
final extension at 72 ℃ for 10 min. RT-PCR products
were separated by electrophoresis in 1.5% agarose
gels（AMRESCO Inc., Solon, OH, USA）in 1×TAE
buffer and detected by the fluorescent GelRed TM
Nucleic Acid Gel Staining（Biotium, Inc., Hayward,
CA, USA）.
1.5 RT-LAMP assay
RT-LAMP was carried out by using total RNA
from potentially infected samples. The concentration
of total RNA was 167.9 ng/µL. The amplification
was carried out in a 25 µL reaction containing 2
µL of RNA, 0.2 µmol/L of F3, 0.2 µmol/L of B3,
0.8 µmol/L of FIP, 0.8 µmol/L of BIP, 6 mmol/L
of MgSO 4, 0.8 mol/L of betaine（Sigma–Aldrich,
St. Louis, MO, USA）, 10 mmol/L of dNTPs, 1 µL
of Bst DNA polymerase（8 U/µL, New England
Biolabs, MA, USA）, 0.5 µL of M-MLV reverse

transcriptase（200 U/µL, Promega, USA）, 0.5 µL
of Recombinant RNase Inhibitor（40 U/µL, Takara,
China）, 20 mmol/L of Tris–HCl（pH 8.8）,
10 mmol/L of KCl, 10 mmol/L of（NH 4 ） 2 SO 4 ,
0.1% Triton X-100, and DEPC-treated water. The
mixture was incubated at 60 ℃ , 61 ℃ , 62 ℃ , 63
℃ , 64 ℃ and 65 ℃ for 60 min followed by 5 min
at 80 ℃ . The RT-LAMP amplification products（3
µL）were analyzed by agarose gel electrophoresis
（1.5% agarose, TAE）, which was followed by the
fluorescent GelRedTM Nucleic Acid Gel Staining and
the direct visual detection of the reaction tube after
the addition of SYBR Green I（Solarbio, China;
1 ∶ 1000 TE, V/V）.
1.6 Specificity of RT-LAMP
To determine the specificity of RT-LAMP, the
total RNA was extracted from healthy sugarcane leaves
and leaves infected by SCSMV（detected by RTPCR）, SCMV（detected by RT-PCR）or SrMV
（confirmed by RT-PCR）was used to determine
the specificity of the RT-LAMP method. Again, in
each case, the products were separated by agarose gel
electrophoresis（1.5% agarose, TAE）and visualized
after staining.
1.7 Sensitivity comparison between RT-LAMP
and RT-PCR

RT-LAMP and RT-PCR were carried out using
various concentrations of total RNA as the template.
Total RNA quantified by NanoDrop 1 000（Thermo
Scientific, USA）was serially diluted 10-fold from
167.9 ng/µL to 167.9×10-8 ng/µL prior to being used
as the template for RT-LAMP and RT-PCR. After the
reaction was completed, the reaction products were
resolved on 1.5% agarose gels and visualized after
staining.
1.8 Detection of field samples by RT-LAMP
Twenty-five sugarcane leaves which showed
mosaic, interveinal chlorotic spots and leaf stripe
symptoms were collected from sugarcane fields in
Nanning City, Guangxi Province. The total RNA
was extracted and detected by RT-LAMP. For the
detection, 2 µL SYBR Green I was added into the
tube after the RT-LAMP reaction was completed.
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Results and analysis

2.1

M

1

2

3

4

Reaction condition optimization for SCSMV

detection by one-step RT-LAMP assay

To optimize the temperature for the RT-LAMP
assay used for SCSMV detection, we compared
the results from reactions performed at different
temperatures, including 60 ℃ , 61 ℃ , 62 ℃ , 63 ℃ ,
64 ℃ and 65 ℃ , by using RNA samples extracted
from SCSMV-infected sugarcane leaves（Fig.1）.
The results revealed that reactions at 64 ℃ and 65 ℃
for 60 min produced low concentrations of ladder-like
products. In contrast, reactions performed from 60 ℃
to 63 ℃ led to the production of a clear ladder-like
pattern upon agarose gel analysis（Fig.1）.
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2000bp
1000bp
750bp
500bp
250bp
100bp

M: DL2000 marker. Lane 1: Negative control; Lane 2-4: RT-LAMP
detection of RNA extracted from SCSMV, SrMV infected sugarcane, respectively

Fig. 2

7

Specificity of RT-LAMP detection of SCSMV

performed by using serial diluted templates, with
the concentrations of RNA ranging from 167.9 ng to
167.9×10 -8 ng. RT-LAMP amplification was able
to generate clear DNA products when the template
concentration was 167.9×10 -5 ng（Fig. 3A）. At

2000bp
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750bp
500bp
250bp

A

100bp

M: DL2000 marker. Lane 1: Negative control; Lane 2-7: RT-LAMP
reaction temperatures at 60 ℃ , 61 ℃ , 62 ℃ , 63 ℃ , 64 ℃ and 65 ℃ ,
respectively

Fig. 1

2.2

Optimization of reaction temperature for RT-LAMP

Specificity of RT-LAMP detection of
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SCSMV

The total RNA extracted from sugarcane leaves
that were only infected by SCSMV, SCMV or SrMV（all
verified by RT-PCR）was analyzed by RT-LAMP.
RT-LAMP amplification only produced ladder-like
bands when RNA from leaves infected by SCSMV
（Fig. 2）. No signals were detected in samples
prepared from healthy leaves or from those infected
by SCMV or SrMV.
2.3 Sensitivity of RT-LAMP amplification
To compare the sensitivity between the RTLAMP assay and RT-PCR, the assays were

2000bp
1000bp
750bp
500bp
250bp
100bp

A: Sensitivity of RT-LAMP for the detection of SCSMV analyzed by agarose
gel electrophoresis
B: Sensitivity of RT-PCR for the detection of SCSMV analyzed by agarose
gel electrophoresis
M: DL2000 marker. Lane1: Negative control; Lane 2-10: Ten times dilution
of total RNA（167.9 ng, 167.9×10 -1 ng, 167.9×10 -2 ng, 167.9×10 −3 ng,
167.9×10−4 ng, 167.9×10−5 ng, 167.9×10−6 ng, 167.9×10−7 ng, 167.9×10−8
ng）isolated from SCSMV infected sugarcane was included in each 25 µL（total
volume）of RT-LAMP reaction

Fig. 3

Comparison of sensitivity of RT-LAMP and
RT-PCR for the detection of SCSMV
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this template concentration, no product was detected
in RT-PCR reactions. RT-PCR did not generate
detectable DNA products except the template was used
at 167.9×10-3 ng（Fig. 3B）. Therefore, under the
reaction condition in this study, the RT-LAMP method
is at least 100 times more sensitive than RT-PCR.
2.4 Detection of SCSMV in field samples by RTLAMP

To examine the usefulness of the RT-LAMP in
detecting SCSMV in field samples, twenty-five leaf
samples were collected from sugarcane that displayed
typical mosaic symptoms from fields in Nanning
City. The total RNA extracted was subjected to RTLAMP. Reactions with RNAs from five of the samples
produced a clear ladder-like pattern after agarose
gel analysis（partial results shown Fig. 4A）. To
further simplify the detection procedure, 10 μL of the
completed reaction was transferred to a test tube and
a drop of SYBR Green I was added, allowing direct
visualization of the RT-LAMP products by naked eyes.
As shown in Fig. 4B, the fluorescence dye of the RTLAMP reaction containing SCSMV infected samples
changed from red to yellow, allowing direct visual
detection. No color change occurred in tubes in which
the samples detected negative for SCSMV.
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A: RT-LAMP detection of partial field samples analyzed by agarose gel
electrophoresis. M: DL2000marker; Lane1: Negative control; Lane 2: Positive
control; Lane 3-7: Sugarcane samples collected from sugarcane fields
B: RT-LAMP detection of SCSMV analyzed by color changes. Tube1:
Negative control; Tube 2: Positive control; Tube 3-7: sugarcane samples collected
from sugarcane fields

Fig. 4

RT-LAMP detection of partial field samples

3

Discussion

Sugarcane is an important economic crop in
southern China, especially in Guangxi Province.
Sugarcane mosaic disease, which caused by SCMV,
SrMV and SCSMV, causes significant yield losses
every year. Though breeding and cultivating resistant
cultivars remain the most economical and effective
strategy, accurate and early disease diagnosis in the
laboratory and the field is desirable. Relying on its
simple, rapid, specific and sensitive characteristics,
RT-LAMP facilitate the simplicity of field use. RTLAMP assay has been used for detection of sugarcane
samples infected by SCMV, SrMV, ratoon stunting
disease（RSD）, SCSMV［22,27-28］.
In this study, specific primers have been designed
corresponding to the conserved regions of the viral coat
protein for SCSMV detection by using RT-LAMP. The
primers were effective in detecting SCSMV, compared
to conventional RT-PCR, the RT-LAMP assay
established in this study showed higher sensitivity with
167.9×10-5 ng of infected sugarcane total RNA than
that detected by RT-PCR with 167.9×10-3 ng. And
the RT-LAMP assay showed high specificity, had no
cross-reaction for other two mosaic viruses（SCMV
and SrMV）. The field samples were also detected
by using the RT-LAMP assay, and the results were
entirely consistent with the RT-PCR results. To further
simplify the detection procedure, a SYBR Green I
dye was also added in the test tube, and the result
could be visualized by naked eyes. All of the results
above showed that this method could be used for the
detection of SCSMV.
The sensitivity of RT-LAMP may differ in the
detection of different targets. Keizerweerd et al.［22］
reported that the RT-LAMP assay was 10 times more
sensitive than conventional RT-PCR in detecting
SCMV and SrMV. And Le et al. ［29］ reported that
the RT-LAMP assay was 100 times more sensitive
than conventional RT-PCR in detecting nine rice
viruses. In this study, the sensitivity of RT-LAMP
for detection of SCSMV was 100 times more sensitive
than conventional RT-PCR, similar as earlier reports
of RT-LAMP for detection of other viruses［22,29］, but
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higher than Wang’s report of RT-LAMP for detection
of SCSMV［28］. However, there were also report that
the sensitivity of RT-LAMP for detection of Bean pod
mottle virus was at least 1 000 times more sensitive than
conventional RT-PCR［30］. The length of the primer,
the quality of the primer, annealing temperature and
GC contents could infect the sensitivity of the RTLAMP amplification. Changing the location of primers
may improve the sensitivity of detection. For example,
after changing the location of primers, the sensitivity
of RT-LAMP assay was found higher in detecting
SCSMV in this study than that of Wang et al. ［28］.
Therefore, in order to improve the sensitivity of RTLAMP detection, changing the location of primers may
be a good attempt.

4

Conclusion

In conclusion, a one-step RT-LAMP assay
was developed as an alternative method for the rapid
detection of SCSMV. The whole process can be
completed in 60 minutes at 60-63 ℃ . The RT-LAMP
assay had no cross-reaction for other two mosaic viruses
（SCMV and SrMV）and showed high sensitivity, 100
times more than conventional RT-PCR. Field samples
can also be accurately detected by RT-LAMP assay
established in this study. Therefore, this assay could be
used for health management program and surveillance
of sugarcane disease in laboratories or the detection of
SCSMV in the field to prevent the disease spread.
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