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Abstract
Chrysanthemum stunt viroid (CSVd) is a serious pathogen infecting chrysanthemum 
worldwide. To improve and enhance the detection procedure, a colorimetric loop-me-
diated isothermal amplification (LAMP) technique was developed. Six LAMP primers 
were newly designed and tested to determine the optimal conditions using a recombinant 
plasmid of CSVd as a DNA template. The optimal conditions for colorimetric LAMP were 
incubation at 65°C for 45 min. Under these conditions, a ladder-like pattern of LAMP 
products was detected along with a change of color from pink to yellow in the positive 
reactions. Limits of the detection (LOD) of colorimetric LAMP were up to 1 fg ∙ µl–1 of 
plasmid DNA concentration which was 104 times greater than that of polymerase chain 
reaction (PCR). The developed colorimetric LAMP was not cross reacted to other viruses 
and viroids. From detection of actual samples and chrysanthemum plantlets which were 
obtained from meristem tip culture, the colorimetric LAMP showed effective potential in 
detecting CSVd. Therefore, the colorimetric LAMP can be used as a main technique to de-
tect CSVd and ensure CSVd-free chrysanthemum plantlet production due to its accuracy, 
rapidness and sensitivity.
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Introduction

Chrysanthemum (Chrysanthemum x morifolium) is 
an important and highly economic cut flower in the 
world due to its cultural importance and its various 
shapes and colors (Zalewska et al. 2007). Chrysanthe-
mum propagation is achieved by vegetative propaga-
tion which is a convenient and quick method and can 
obtain a large number of shoots (Verma et al. 2004). 
However, this method carries a high risk from an in-
fected mother plant, especially viral and viroid diseases 
(Cho et al. 2013). Strategies for management of viroid 

diseases in chrysanthemum include establishment of 
viroid-free plantlets (Hosokawa et al. 2004).

Viroids are the smallest plant pathogens (250–400 nu-
cleotides). They are circular, highly-structured RNAs 
that do not encode proteins and are replicated by nu-
clear or chloroplastic DNA-dependent RNA polymer-
ase forced to accept viroid RNA templates of the host 
plants (Ding and Itaya 2007). Chrysanthemum plants 
are infected by two viroids, chrysanthemum chlorotic 
mottle viroid (CChMVd) and chrysanthemum stunt 
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viroid (CSVd). However, CSVd seems to cause more 
serious damage than CChMVd (Cho et al. 2013). 

CSVd belongs to the genus Pospiviroid of the family 
Pospiviridae which is approximately 354 nucleotides 
long (Haseloff and Symons 1981; Doi and Kato 2004). 
Members of the Pospiviroidae family have a rod-like 
structure including a central conserved region (CCR). 
They replicate in the nucleus of infected cells, and lack 
ribozyme activity (Di Serio and Flores 2008). CSVd 
was first discovered from chrysanthemums which 
showed stunting in the United States and was subse-
quently found in chrysanthemum-growing countries 
(Horst et al. 1977). CSVd infection induces symptoms 
such as stunting, yellow spots, reduction of leaf and 
flower size, and poor rooting ability (Matsushita 2013). 
However, the symptoms induced by CSVd depend on 
the cultivar and the environment (Horst et al. 1977). 
Natural hosts of CSVd include chrysanthemum, pe-
tunia (Petunia x hybrida), potato and Oxalis latifolia 
(Matsushita et al. 2019; Gobatto et al. 2019).

To detect viroids, reverse transcription polymerase 
chain reaction (RT-PCR) was commonly used. How-
ever, PCR requires a thermal cycler and a gel electro-
phoresis system which involve expensive and lengthy 
procedures (Jeong et al. 2014). Therefore, the loop-
mediated isothermal amplification (LAMP) was de-
veloped. LAMP was first developed by Notomi et al. 
(2000). LAMP amplification is achieved by the strand 
displacement ability of Bst polymerase which is active 
under isothermal conditions. LAMP is a well-estab-
lished technique and applied in many fields, such as 
medicine, agriculture, and food industries due to its sim-
plicity, specificity, rapidity, and low-cost (Panno et al. 
2020). Traditionally, LAMP is used for DNA amplifi-
cation, but for amplifying RNA, such as viruses and 
viroids, the reverse transcription (RT)-LAMP has been 
applied (Fukuta et al. 2004). Moreover, to reduce the 
risk of contamination and enhance the rapidness, one 
step RT-LAMP was developed to detect pepino mosaic 
virus (PepMV) from tomato (Hasiów-Jaroszewska and 
Borodynko 2013). Recently, LAMP has been widely 
used to detect plant pathogens, especially viruses and 
viroids (Panno et al. 2020), such as, tobacco mosaic 
virus (TMV) (Supakitthanakorn et al. 2022b), maize 
chlorotic mottle virus (MCMV) (Liu et al. 2016), mi-
rafiori lettuce big vein virus (MiLBVV) (Almasi 2017), 
columnea latent viroid (CLVd) (Bhuvitarkorn et al. 
2019) and plum viroid I (PVdI) (Bester and Maree 
2022). To avoid post-amplification contamination, the 
colorimetric LAMP has been applied to detect viruses 
and viroids (Bhuvitarkorn et al. 2019; Supakitthana-
korn et al. 2022b). Positive and negative colorimetric 
detection results are easily distinguishable by a visible 
color change, which reduces the complexity and du-
ration of the detection procedure (Poole et al. 2017). 

Therefore, this study was aimed to develop the recent 
colorimetric LAMP for enhancing the effectiveness, 
rapidness and convenience of CSVd detection from 
chrysanthemum.

Materials and Methods

Construction of CSVd recombinant plasmid

CSVd CM4 variant (GenBank accession no. 
MZ328193.1), detected from a previous study (Supa-
kitthanakorn et al. 2022a), was used as a template for 
developing the colorimetric LAMP technique. The 
PCR product of whole genome of CSVd was amplified 
by using CSVd-specific primers consisting of CSVd-F 
(5’-TTCTTTCAAAGCAGCAGGGT-3’) and CSVd-R 
(5’-AAAGAAATGAGGCGAAGAAG-3’) (Chung et al. 
2006). The PCR amplification of a full-length sequence 
(354 bp) of CSVd was performed by using EconoTaq® 
PLUS & PLUS GREEN 2X Master Mixes (Lucigen, 
Wisconsin, USA) in a GeneMax PCR thermal cycler 
(Bioer, Zhejiang, China). The PCR mixture contained 
12.5 µl of 2X PCR master mix, 1.0 µl (10 µM) of each 
forward and reverse primers, 1.0 µl of cDNA and 
9.5 µl of DEPC-treated water for a final volume of 
25 µl. PCR cycles were started at 94°C for 5 min, 
40 cycles at 94°C for 30 s, 54–59°C (Table 1) for 
30 s, 72°C for 45 s and 72°C for 7 min. PCR products 
were visualized on 2.0% agarose gel electrophoresis 
stained by RedSafeTM (iNtRON, Gyeonggi, Korea). Sub-
sequently, the PCR product was purified by using PCR 
Clean Up & Gel Extraction Kit (Bio-Helix, City, Tai-
wan) and then the purified PCR products were cloned 
into pCRTM 2.1-TOPO® vector (Invitrogen, Waltham, 
USA). The recombinant plasmid was transformed into 
TOP10TM chemically competent Escherichia coli cells 

Table 1. LAMP primers that were designed and used in this study 
for detecting CSVd

Primer name Sequence (5’-3’) Position (5’-3’)

FIP
TTCCCCGGGGATCCCTGAAG-

TGACCCTGCTGCTTTGAAAG

F2: 34–53

F1c: 78–97

BIP
GGAAGTCCGACGAGATCGCG-

GGGTGAAAACCCTGTCTAGG

B2: 165–184

B1c: 105–124

F3 TTGTGGTTCCTGTGGTGC 11–28

B3 TCCAGGAGAGGAAGGAAACT 192–211

LF GACTTCTTCGCCCTATTTCTTT 56–77

LB CACTCCTGCGAGACAGGAGTAA 142–163

FIP – forward inner primer (consisting of F2 and F1c primers), BIP – 
backward inner primer (consisting of B2 and B1c primers), F3 – 
forward primer, B3 – backward primer, LF – loop-forward primer, LB – loop 
backward primer
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(Invitrogen, Waltham, USA). The recombinant plas-
mids were extracted by using Plasmid Mini Prep (Bio-
Helix, City, Taiwan) and verified by sequencing. Then, 
the recombinant plasmid was used as a template for 
further experiments.

LAMP primer design

Six LAMP primers consisting of forward inner primer 
(FIP), backward inner primer (BIP), forward primer 
(F3), backward primer (B3), loop-forward (LF) and 
loop-backward (LB) were designed based on the 
whole genome sequence of CSVd (GenBank accession 
no. AB255880.1) retrieved from GenBank which was 
performed by using NEB® LAMP Primer Design Tool 
(https://lamp.neb.com) (New England Biolabs, Ipswich, 
USA) with default setting. All LAMP primers verified 
the speci ficity of CSVd by blast and multiple alignment 
analysis.

Optimization of LAMP reaction

Colorimetric LAMP reactions were performed by us-
ing WarmStart® Colorimetric LAMP 2X Master Mix 
with UDG (New England Biolabs, Ipswich, USA). A 
to tal of 25.0 µl of LAMP component contained 12.5 
µl of WarmStart® Colorimetric LAMP 2X Master Mix 
with UDG, 2.5 µl of LAMP primer mix (10X), 1.0 µl of 
plasmid DNA (1 µg ∙ µl–1) and 9.0 µl of nuclease-free 
H2O. The LAMP reactions were initially tested in a dry 
bath incubator by incubation at 61, 63, 65 and 67°C for 
60 min each. To determine which temperature success-
fully amplified LAMP products the time of incubation 
was varied for 30, 45 and 60 min. 

The LAMP products were analyzed on 1.2% agarose 
gel electrophoresis and the gel was stained by RedSafeTM 
Nucleic Acid Staining Solution (iNtRON, Gyeonggi, 
Korea). To determine the colorimetric results, the color 
of LAMP reaction that changed from pink to yellow 
after incubation was considered as a positive result 
whereas the negative result remained pink.

Sensitivity assay

To evaluate limits of the detection (LOD) of LAMP, 
the CSVd plasmid was prepared by using a ten-fold se-
rial dilution method and the amount of plasmid was 
measured by using NanoDrop 2000c (Thermo Fisher, 
Waltham, USA). The LAMP reaction was performed 
using the optimal conditions for LAMP detection and 
LAMP products were visualized according to a previ-
ously described method. The PCR was used to com-
pare the LOD of LAMP technique. The PCR amplifi-
cation was conducted as previously described and the 
recombinant plasmid was used as a template.

Specificity assay

To determine possible cross reactivity to other vi-
ruses and viroids, the positive cDNA of other viruses 
and viroids including cucumber mosaic virus (CMV), 
chrysanthemum virus B (CVB), tobacco mosaic vi-
rus (TMV), turnip mosaic virus (TuMV) and chry-
santhemum chlorotic mottle viroid (CChMVd) were 
examined. CMV was isolated from tobacco while 
CVB, TMV, TuMV and CChMVd were isolated 
from chrysanthemum (Supakitthanakorn et al. 
2022a; Supakitthanakorn et al. 2022b). Total RNA of 
all viruses and CChMVd were isolated from in-
fected leaves by using TRIzol® Reagent (Invitrogen, 
Waltham, USA) according to the manufacturer’s in-
structions and then used as templates for cDNA syn-
thesis by using ReverTra AceTM qPCR Master Mix 
with gDNA Remover (Toyobo, Osaka, Japan) accord-
ing to the manufacturer’s instructions. Briefly, 2.0 µl 
of total RNA was added to the RT mixture contain-
ing 2.0 µl of 4 DN Master Mix, 4.0 µl of nuclease-free 
water and incubated at 37°C for 5 min. After incuba-
tion, 2.0 µl of 5x RT Master Mix II was added and 
subsequently incubated at 37°C for 15 min, 50°C for 
5 min and 98°C for 5 min. The cDNA was stored at 
–20°C before use. The PCR primers used for detec-
tion of those viruses and CChMVd are shown in Ta-
ble S1. The LAMP reaction was performed using the 
optimal conditions for LAMP detection and LAMP 
products were visualized using a previously described 
method.

Evaluation of colorimetric LAMP in detection 
of CSVd from actual samples

To evaluate the detection efficiency of the developed 
colorimetric LAMP technique, the CSVd-positive 
cDNA which were synthesized previously from 
chrysanthemum samples were examined along with 
the newly extracted RNA from 12 chrysanthemum 
plantlets (1 month old) obtained from meristem tip 
culture. Total RNA was extracted from shoots by us-
ing NucleoSpin™ RNA Plant and Fungi (Macherey- 
-Nagel, Nordrhein-Westfalen, Germany) according 
to the manufacturer’s instructions and the cDNA 
was synthesized by using ReverTra AceTM qPCR 
Master Mix with gDNA Remover (Toyobo, Osaka, 
Japan) according to the manufacturer’s instructions 
as described previously. The LAMP reaction for 
detecting CSVd was performed to determine the 
optimal conditions. To compare the detection 
efficiency of LAMP, the PCR was conducted. 
The PCP reaction was performed as previously de-
scribed.



Salit Supakitthanakorn et al.: Development of the colorimetric loop-mediated isothermal amplification technique … 275

Results

LAMP primers design

Six LAMP primers, including FIP, BIP, F3, B3, LF and 
LB, were designed and their positions on the genome 
of CSVd are shown in Table 1. Primer stock concen-
trations were prepared as follows: 16 µM of FIP and 
BIP, 8 µM of F3 and B3 and 4 µM of LF and LB.

LAMP optimization

The results of LAMP optimization showed that lad-
der-like pattern LAMP products were detected from 
the incubation at all tested temperatures consisting of 
61, 63, 65 and 67°C for 60 min (Fig. 1A). Then, the 
time of incubation was varied, 30, 45 and 60 min at 
65°C according to the recommended temperature 
from the manufacturer. The results revealed that 
LAMP products were detected from incubation at 
65°C for 30, 45 and 60 min (Fig. 1B). However, at 30 
min of incubation even the LAMP product was ob-
served. The color of LAMP reaction turned orange, 
an incomplete reaction, which could be confused with 
the negative control which was pink. Incubation for 
45 and 60 min gave colorimetric LAMP results, name-
ly a color change from pink to yellow, whereas negative 
reactions remained pink (Figs 1A and B). Therefore, 
the selected optimal conditions of LAMP detection 
were incubation at 65°C for 45 min.

Sensitivity assay

The concentration of plasmid DNA measured by a Na-
noDrop machine was restricted to 1 ng · µl–1. Dilutions 
which were lower than 1 ng · µl–1 were diluted continu-
ously for 10 times of each dilution. LOD of LAMP were 
up to 1 fg · µl–1 which was 104 times greater than that of 
RT-PCR detection (Fig. 2A), whereas LOD of RT-PCR 
was up to 100 pg · µl–1 (Fig. 2C). The colorimetric ob-
servation represented the results related to gel electro-
phoresis (LAMP-AGE) analysis by the color of LAMP 
reactions from 1 µg · µl–1  – 1 fg · µl–1  which changed 
from pink to yellow, but the negative control (NC) and 
diluted plasmid DNA at 100 ag · µl–1  remained pink 
(Fig. 2B).

Specificity assay

To determine the possibility of cross reaction, LAMP 
was performed according to the optimal conditions 
using cDNA of other positive-stranded RNA viruses 
and viroids. Related to colorimetric results the re-
sults showed that the LAMP product was only ob-
served in the PC lane (positive control using a plas-
mid DNA of CSVd) but was not found in other lanes 
of other different viruses and viroids consisting of 
CMV, CVB, TMV, TuMV and CChMVd (Fig. 3). This 
indicated that colorimetric LAMP was specific to only 
CSVd.

Fig. 1. Optimization of colorimetric LAMP for detecting CSVd using plasmid DNA of CSVd as a template: A – optimization of tempera-
ture at 61, 63, 65 and 67°C for 60 min; B – optimization of incubation time for 30, 45 and 60 min at 65°C. M – 100 bp + 1.5 kb DNA ladder 
(SibEnzyme, Russia); NC – negative control (nuclease-free water)
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Fig. 2. Sensitivity assay of LAMP for detecting CSVd compared to PCR detection: A – LAMP-agarose gel electrophoresis (AGE) with 
LOD at 1 fg · µl–1 of diluted recombinant plasmid DNA; B – colorimetric LAMP; C – PCR with LOD at 100 pg · µl–1 of diluted recombinant 
plasmid DNA. M – 100 bp + 1.5 kb DNA ladder (SibEnzyme, Russia);  NC – negative control (nuclease-free water)

Fig. 3. Specificity assay of colorimetric LAMP for detecting CSVd. The picture shows the ladder-like pattern of LAMP products in only the 
PC lane (positive control using a recombinant plasmid of CSVd). CMV – cucumber mosaic virus; CVB – chrysanthemum virus B; TMV – 
tobacco mosaic virus; TuMV – turnip mosaic virus and CChMVd: chrysanthemum chlorotic mottle viroid; M – 100 bp + 1.5 kb DNA lad-
der (SibEnzyme, Russia); NC – negative control (nuclease-free water)
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Fig. 4. Chrysanthemum plantlet samples obtained from meristem tip culture for production of virus and viroid-free plantlets which 
were used to evaluate the efficiency of colorimetric LAMP in detecting CSVd

Fig. 5. Evaluation of colorimetric LAMP for detecting CSVd from actual samples: A – LAMP detection from CSVd-positive samples (lanes 
1–6) showed ladder-like pattern LAMP products and 12 chrysanthemum plantlets obtained from meristem tip culture (lanes 7–19) 
showed negative results; B – colorimetric observation of LAMP reactions showed that the color of positive samples turned from pink 
to yellow; C – RT-PCR detection with 354 bp amplicons of whole genome of CSVd. M – 100 bp + 1.5 kb DNA ladder (SibEnzyme, Russia); 
PC – positive control (recombinant plasmid of CSVd); NC – negative control (nuclease-free water)

Application of colorimetric LAMP  
in detection from actual samples

To evaluate the efficiency of colorimetric LAMP for 
detecting CSVd, a total of 6 cDNAs from previous 
research (Supakitthanakorn et al. 2022a) was used 
along with cDNA which were newly synthesized from 

extracted RNA of 12 chrysanthemum plantlets ob-
tained from meristem tip culture for verifying CSVd-
free plantlet production (Fig. 4). The results revealed 
that six CSVd-positive samples were positive while 12 
other samples were negative (Fig. 5A). The colorimetric 
assay showed the related results to LAMP-AGE by ob-
serving the change of color from pink to yellow in the 
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occasionally low in plant tissues (Hosokawa et al. 2004; 
Nebeshima et al. 2017). RT-PCR with low LOD, some-
times, could not detect the presence of viroids (Liu et al. 
2014). This study conducted the colorimetric LAMP 
for detection of CSVd in chrysanthemum plantlets 
which were obtained from meristem tip culture. The 
results showed that the developed colorimetric LAMP 
could be used to detect CSVd effectively from positive 
CSVd chrysanthemum samples whereas all chrysan-
themum plantlets were negative. In conclusion, the 
colorimetric LAMP that was developed in this study 
had the potential effectiveness of detecting CSVd in 
chrysanthemum due to its sensitivity, specificity and 
convenience and could be used routinely to detect 
CSVd from field samples. It could also be used to verify 
and ensure the production of CSVd-free chrysanthe-
mum plantlets.
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Supplementary information

Table S1. PCR primers used for detection of viruses and CChMVd in the specificity assay

Virus/viroid Primer name Nucleotide sequence (5’-3’)
Ta 

[°C]
Product size 

[bp]
Reference

CMV
CMV-I-F
CMV-I-R

GCCACCAAAAATAGACCG
ATCTGCTGGCGTGGATTTCT

52 593 Chen et al. (2011)

CVB
CVB-F1
CVB-R1 

AGTCACAATGCCTCCCAAAC
CATACCTTTCTTAGAGTGCTATGCT

53 621 Guan et al. (2017)

TuMV
TuMV-F
TuMV-R

CAAGCAATCTTTGAGGATTATG
TATTTCCCATAAGCGAGAATA

56 986 Camps et al. (2015)

TMV
TMV-F
TMV-R

CGACATCAGCCGATGCAGC
ACCGTTTTCGAACCGAGACT

60 880 Kumar et al. (2011)

CChMVd
CCh-nF

CCh-MR1
CAGGATCGAAACCTCTTCCA
GACCTCTTGGGGGTTAGAAA

59 398 Ebata et al. (2019)

Ta – annealing temperature; CMV – cucumber mosaic virus, CVB – chrysanthemum virus; TuMV – turnip mosaic virus; TMV – tobbaco mosaic virus; 
CChMVd – chrysanthemum chlorotic mottle viroid




