
Introduction

Carnation (Dianthus caryophyllus) is one of the major cut-flower 

crops grown worldwide, which is susceptible to several viruses (Amal 

et al., 2006). Carnation ringspot virus (CRSV) is one of these viruses 

but it has not been reported in Japan. 

CRSV has been reported in North America, Australia, New 

Zealand, parts of Europe and South America (Hiruki, 1987, Faccioli 

& Marani, 1967, Noordam et al., 1951, Navalinskene & Samuitene, 

1990, Kowalska, 1972, Weerts et al., 1974, Gomez Luengo & 

Rodriguez Montessoro, 1984, Loviso & Lisa, 1978 and Valenzuela 

& Pizano, 1992). Its presence can be expected where significant 

quantities of carnations are grown (CPC, 2007).

Carnation and Sweet William (D. barbatus) plants infected with 

CRSV show leaf mottling, ringspots, plant stunting and flower 

distortion. CRSV decreases the quality of flowers, causing several 

split calyces (Hakkaart, 1964). In addition, the symptoms of CRSV 

infections are more intense under co-infection with Carnation mottle 

virus (CarMV) (Kemp, 1964). Since CarMV is prevalent in Japan 

(Tochihara et al., 1975), the Japanese Plant Quarantine Service has 

cautioned against the invasion of CRSV because of large amounts of 

dianthus plants being imported into Japan.

RT-PCR has been used for specific detection of CRSV (Raikhy 

et al., 2006a), but the method takes a long time because it requires 

many steps such as nucleic acid extraction, gene amplification, 

electrophoresis and gel staining. In contrast, reverse transcription 

loop-mediated isothermal amplification (RT-LAMP) is rapid and has 

high sensitivity and specificity (Notomi et al., 2000; Ushikubo, 2004). 
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Simplified sample preparation methods for RT-LAMP have also been 

reported (Tsutsumi et al., 2010). In this study, we developed a CRSV-

specific LAMP primer set, and also designed a plant 18S rRNA-

specific LAMP primer set as an internal control for confirmation 

of false-negative results. We also attempted a sample preparation 

method that was simpler and faster than nucleic acid extraction and 

purification.

Materials and methods

1. Viral RNA preparation

CRSV was supplied by the American Type Culture Collection 

in the United States under a special import permit by the Ministry 

of Agriculture, Forestry, and Fisheries of Japan. This isolate was 

mechanically inoculated to healthy carnation cv. Shabo Giant and 

Sweet William (D. barbatus), cv. Bijo Nadeshiko seedlings. The 

inoculated seedlings were grown in an isolated greenhouse at 20–

25°C. Four weeks after inoculation, total RNA was extracted from the 

leaves of each plant using RNeasy Plant Mini Kit (Qiagen). CRSV 

infection was confirmed by RT-PCR assay using a pair of CRSV 

specific primers (CRSVUP/CRSVDN) (Raikhy et al., 2006a). 

2. RT-LAMP primer design

RT-LAMP primer sets for specific detection of CRSV were 

designed within the coat protein region based on the published 

sequence of CRSV (GenBank ID: L18870.2). Other primer sets for 

internal control were designed based on the published sequence 

of Dianthus broteri 18S rRNA (GenBank ID: GU065906.1) using 

Primer Explorer version 4 software (Eiken Chemical, Tokyo, Japan) 

(Table 1).

3. RT-LAMP and confirmation of specificity

A react ion mixture  prepared using the  Loopamp RNA 

Amplification Kit (Eiken Chemical) was added to provide a final 

concentration of 0.2 μM each of primers F3 and B3, 1.6 μM each 

of primers FIP and BIP, and 0.8 μM each of primers LF and LB for 

CRSV detection, and to provide a final concentration of 0.2 μM each 

of primers F3 and B3 and 1.6 μM each of primers FIP and BIP for 

18S rRNA gene detection. RT-LAMP reactions were carried out at 

60°C, 63°C and 65°C for 60 minutes. Target gene amplification was 

measured using a real-time turbidity meter (LA-200, Teramecs Co.). 

RT-LAMP products were analyzed by 2% agarose gel electrophoresis, 

and treated with two restriction enzymes (AluI and TaqI) to confirm 

that the products were digested to an expected size.

Tomato bushy stunt virus (TBSV), Cucumber mosaic virus (CMV), 

Carnation vein mottle virus (CVMoV) and Carnation mottle virus 

(CarMV) were examined to confirm the specificity of RT-LAMP 

primers for CRSV. TBSV, CMV, and CVMoV were supplied by the 

GenBank Project of the National Institute of Agrobiological Sciences 

in Japan, while CarMV was supplied by the Research Division 

of Yokohama Plant Protection Station. Tomatoes (cv. Rutgers) 

and Chenopodium quinoa were inoculated with TBSV and CMV, 

respectively. Carnations (cv. Shabo-giant) were inoculated with 

CVMoV and CarMV. Four weeks after inoculation, total RNA was 

extracted from leaves using the RNeasy Plant Mini kit (Qiagen), and 

infection of TBSV, CMV, CVMoV, and CarMV was confirmed by 

RT-PCR using corresponding primers for each virus (Iyama et al., 

2009; Hirano, 2002; Simon et al., 1991; Raikhy et al., 2006b).

4. Sensitivity comparison of RT-LAMP and RT-PCR

Total RNA extraction from CRSV-infected carnation leaves was 

serially diluted tenfold (10−1 to 10−6) with sterilized distilled water. 

RT-PCR and RT-LAMP were carried out using these dilution series as 

templates, and detection limits of both methods were compared.

5. Simplified sample preparation for RT-LAMP

A total RNA template was prepared from fresh healthy leaves 

containing a CRSV-infected leaf of carnation or Sweet William 

using modified methods of Tsutsumi et al. (2010) and Fukuta et al. 

(2005). Each carnation or Sweet William leaf was cut into 1 square 

mm pieces using a razor. The respective leaf chips were　put into a 

microtube and 0.1M Tris-HCl [pH 8.0; 5 v/w] was added . Leaf chips 

were homogenized by a Multi-beads Shocker (YASUI KIKAI, Osaka, 

Japan) for 1 minute at 2500 rpm. Each homogenate was centrifuged 

for 2 minutes at 9000 ×g, and  supernatant was diluted 25-fold using 

0.1M Tris-HCl [pH 8.0]. Two microliters of the diluted solution was 

used as the template for the RT-LAMP reaction.

6. Sensitivity of RT-LAMP using simplified sample

Fourfold serial dilutions (equivalent of 200 to 51,200 healthy leaf 

chips including 1 CRSV-infected leaf chip) were performed. Dilution 

series were prepared by mixing homogenates of healthy leaves and 

CRSV-infected leaves. Each series was used as a template for RT-

LAMP.

Table 1.
Primer name Genome position Sequence (5′-3′)
CRSV CP LAMP21 FIP 2616-2635a

2668-2688a

GCCGCAACTTGGCAAATCGATAACC
AGTACCTGTTCCCCTC

CRSV CP LAMP21 F3 2586-2605a ACTCCCAGTTTGCTCAGTCT
CRSV CP LAMP21 BIP 2699-2718a

2756-2775a

ACACGACACAAACGCCACCGTGTTG
GGTGGTACATCTTGG

CRSV CP LAMP21 B3 2792-2810a CACCGATTTGGTGCATTGG
CRSV CP LAMP70,91 
LF

2650-2667a GCCGCTTGATGCTGGACA

CRSV CP LAMP70 LB 2727-2749a CGCGTTTCACTGATGTGGGACAG
DI 18S LAMP10 FIP 151-169b

194-213b

CACCGAATGACCGGGTCGTGCCGAC
GGAAAAGCGTCAAG

DI 18S LAMP10 F3 127-146b TGGTCCCTGCTACCTAAACG
DI 18S LAMP10 BIP 294-313b

252-272b

TCGGCAACGGATATCTCGGCTCACCA
AGTATCGCATTTCGC

DI 18S LAMP10 B3 320-338b ATGGTTCACGGGATTCTGC
a : Base of CRSV (accession number L18870.2) 
b: Dianthus broteri 18S ribosomal RNA gene (accession number GU065906.1)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Primers used for the RT-LAMP detection of CRSV and 
plant internal 18s rRNA.
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Results

1. Detection of CRSV

Total RNA was extracted from carnation leaves inoculated with 

CRSV and RT-PCR was carried out. RT-PCR products exhibited the 

expected DNA fragment size and CRSV infection was confi rmed (data 

not shown).

Subsequently, total RNA samples of CRSV infected carnation 

leaves were examinied by RT-LAMP. An increase in turbidity was 

confirmed in all samples and RT-LAMP products exhibited ladder-

like DNA fragments (Fig. 1).

RT-LAMP products produce many bands of different sizes on 

agarose gel electrophoresis (Notomi et al., 2000) and products are 

known to be digested to fragments of an expected size after treatment 

with specific restriction enzymes. The expected size of fragments 

obtained by AluI digestion was 211 bp, and by TaqI digestion were 

153 bp and 58 bp. The size of each obtained fragment correlated with 

the expected size (Fig. 1).

2. Specifi city of RT-LAMP primer sets

Detection of CRSV and 18S rRNA by RT-LAMP was carried out 

using RT-LAMP primers. When using the CRSV detection primer set, 

an increase in turbidity was observed in only templates containing 

CRSV-infected leaves. An increase in turbidity and ladder-like DNA 

fragments did not appear in samples containing TBSV, CMV, CVMoV 

or CarMV (Fig. 2A). When using the 18S rRNA gene detection 

primer set, an increase in turbidity was observed in all samples 

containing total RNA obtained from D. caryophyllus and D. barbatus 

leaves (Fig. 2B). 

3. Sensitivity comparison of RT-LAMP and RT-PCR

Figure 3 shows the comparison of detection sensitivity between 

RT-LAMP and RT-PCR. CRSV was detected in the total RNA derived 

from the CRSV-infected leaf diluted 104 times for RT-LAMP and 

diluted 10 times for RT-PCR.

4. Evaluation of diluted clude sap method

Turbidity increase was observed in only CRSV-containing samples. 

These positive samples exhibited ladder-like DNA fragments (data 

not shown).

The sensitivity of this assay was examined using fourfold dilution 

series of CRSV-infected carnation leaf sap by the diluted clude sap 

method. The test was performed in quadruplicate, and the levels 

examined could be detected stably.
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Figure 1. RT-LAMP for detection of CRSV. A, Turbidity of RT-
LAMP reaction. CRSV-infected samples (○:carnation and 
□:Sweet William) and negative samples (●:healthy car-
nation, ■:healthy Sweet William, and ▲:distilled water); 
B, Agarose gel electrophoresis of the amplicon obtained 
from CRSV (Lane M, 100-bp ladder marker; lane 1, 
CRSV-infected carnation; lane 2, CRSV-infected Sweet 
William; lane 3, CRSV-infected carnation digested by 
AluI; lane 4, CRSV-infected carnation digested by TaqI; 
lane 5, distilled water).
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Figure 2. The specificity of RT-LAMP assay (○:CRSV-infected 
carnation, □:TBSV-infected tomato, ×:CMV-infected 
Chenopodium quinoa, ◇ :CVMoV-infected carnation, 
+:CarMV-infected carnation, ●:healthy carnation, and 
▲:distilled water). A, Turbidity of RT-LAMP reaction 
using primers for detection of CRSV; B, Turbidity of RT-
LAMP reaction using primers for detection of 18S rRNA.
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Results showed that CRSV-infected carnation leaf chips can be 

stably detected at a rate of 1/12,800 (Fig. 4). Similar results were 

obtained using Sweet William (data not shown).

Discussion

At present, visual inspection is used to detect CRSV in dianthus 

plants during import inspections in Japan. However, high sensitive 

tests by genetic assay is needed.

RT-PCR has been reported to detect CRSV from dianthus plants 

so far. However, it is diffi  cult to apply this method for diagnosis in 

plant protection stations since it takes two days or more to get results 

because of many steps such as nucleic acid extraction, purifi cation, 

gene amplification, electrophoresis and gel staining. In contrast, 

RT-LAMP was determined to be a highly accurate and simplified 

protocol.

Detection of CRSV by RT-LAMP was fi rst examined. Total RNA 

samples extracted from CRSV-infected leaves exhibited an increase 

in turbidity and ladder-like DNA fragments. Following this, a RT-

LAMP assay for the detection of plant genes as an internal control 

was examined. When using 18S rRNA detection primer sets, an 

increase in turbidity was observed in all samples prepared from 

leaves, regardless of CRSV infection. An internal control can be 

used in conjunction with a pathogen-specific assay to confirm 

negative results. The method of detection for 18S rRNA involved an 

appropriate use of an internal control for CRSV detection.

For detection sensitivity comparison between RT-LAMP and RT-

PCR, RT-LAMP made it possible to detect CRSV from the total 

nucleic acid extract diluted 104 times and RT-PCR made it possible to 

detect at a 10-fold dilution. The detection sensitivity of the RT-LAMP 

method was about a thousand times greater than that of the RT-PCR 

method.

Next, the diluted clude sap method, which is simpler than nucleic 

acid extraction and purification, was performed. As a result, an 

increase in turbidity and ladder-like DNA fragments were observed in 

only CRSV-containing samples. Thus, the diluted clude sap method 

can be used to detect CRSV by RT-LAMP. Subsequent examination 

was conducted using this method.

The sensitivity of the RT-LAMP assay for detection of CRSV was 

examined using fourfold serial dilutions. For carnation, 1 CRSV-

infected leaf contained up to 12,800 non-infected leaves and detection 

was performed stably. The detection limit of this method was 

1/12,800 to 1/51,200 (weight ratio of CRSV-infected leaf and healthy 

leaf).

In conclusion, RT-LAMP has suffi  cient sensitivity and stability for 

CRSV detection during import inspections. It can also be used in fi eld 

surveys of invasion alerts. However, many other species, including 

woody plants, have been reported as hosts of CRSV. Further research 

will be required to apply the RT-LAMP method to these host species.
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Figure 3. The sensitivity comparison of RT-PCR and RT-LAMP 
using serial 10-fold dilutions of total RNA extract from 
CRSV-infected carnation leaves. A, agarose gel electro-
phoresis obtained by RT-PCR (lane M: 100-bp ladder 
marker, lane 1: 100, lane 2: 10−1, lane 3: 10−2, lane 4: 10−3, 
lane 5: 10−4, lane 6: 10−5, lane 7: 10−6, Arrow: 1038 bp RT-
PCR products at the lowest dilution that gave observable 
positive results); B, Turbidity of RT-LAMP (○:100, □:10−1, 
△ :10−2, ◇ :10−3, ×:10−4, ■:10−5, ▲ :10−6).

 
Figure 4. Figure 4. Sensitivity of RT-LAMP assay using diluted clude sap 

method (○:1/200, △ :1/800, □:1/3200, ◇ :1/12,800, 
◆ :1/51,200, containing a CRSV-infected leaf chip at a 
rate by weight respectively, ●:healthy carnation leaves, 
×:total RNA extracted from a CRSV-infected leaf of 
carnation, and ▲ :distilled water).
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和　文　摘　要

RT-LAMP法によるナデシコ属苗からの Carnation ringspot virusの検出

志岐　悠介 1)・大石　盛伝 2)・小牟田　健慈 3)・平川　崇史 2)・

白戸　奈奈 4)・牛久　修一 5)・古澤　幹士 2)・藤原　裕治 3)

名古屋植物防疫所

Carnation ringspot virus (CRSV) は Tombusvirus 科 Dianthovirus

属に分類され、カーネーション (Dianthus caryophyllus) やビジョ

ナデシコ (D. barbatus) の重要な病原である。汁液伝染するが、

種子またはベクターによる伝染は報告されていない。

本報ではカーネーションとビジョナデシコの葉から CRSV

を迅速かつ高感度に検出するための RT-LAMP 法を開発した。

また、反応阻害による偽陰性を検知するため、植物内在性遺伝

子を標的とした RT-LAMP 法も併せて開発した。

本手法は RNA の抽出・精製を行わない簡便な試料調製法と

組み合わせることができ、健全葉 12,800 枚に CRSV 感染葉 1

枚を混入させた場合でも検出が可能である。
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