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Molecular Characterisation and Detection of Cucumber Green Mottle Mosaic
Virus Infecting Cucumber by Loop Mediated Isothermal Amplification
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ABSTRACT

Cucumber green mottle mosaic virus (CGMMV), a highly transmissible seed-borne
Tobamovirus, poses a serious threat to cucurbit production worldwide. In the present
study, leaf samples from symptomatic cucumber plants collected from Kolar, Karnataka,
India and plant sap inoculated and mechanically to on to Nicotiana glutinosa and
Chenopodium giganteum plants. The virus isolate was confirmed for CGMMY infection
by RT-PCR amplification of the coat protein (CP) gene with specific primers with the
expected amplicon of a #490 bp. Sequencing and phylogenetic analysis revealed that
the current (KCG1) isolate (Acc. No. PX281938) formed a distinct lineage compared
to other global isolates, underscoring regional genetic variability. To facilitate rapid
diagnosis, a loop-mediated isothermal amplification (LAMP) assay targeting the CP
gene was standardized, which produced the characteristic ladder-like banding pattern
on 1.8 per cent agarose gel and enabled visual detection through a distinct
hydroxynaphthol blue-mediated colour change from violet to sky blue. The integration
of molecular characterization and LAMP assay provide a robust approach for precise
identification of CGMMYV and offers a practical, field-deployable diagnostic tool for
seed health testing, quarantine inspection and large-scale epidemiological surveillance

in cucurbit-growing regions.
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UCUMBER (Cucumis sativus L.) is one of the most

widely cultivated vegetables globally, belonging
to the family, Cucurbitaceae, which also includes
melons, pumpkins and gourds. It is one among the
oldest cultivated crops, with historical records tracing
its use back to over 3,000 years in regions of South
Asia and later spreading to the Middle East, Europe
and beyond (Mallik et al., 2013). Botanically,
cucumber is an annual climbing plant with elongated
fruits composed mainly of water (over 90%), making
it highly valued for hydration, low caloric content and
refreshing texture (Sharma et al., 2020).

Cucumber is severely affected by several viral
pathogens that cause major yield and quality losses

worldwide. The most common viruses include
cucumber mosaic virus (CMV), which induces
mosaic, chlorosis and leaf malformations and has been
confirmed molecularly in multiple regions including
Turkey (Guller et al., 2024); cucumber green mottle
mosaic virus (CGMMYV), a Tobamovirus causing vein
chlorosis, fruit malformation and severe yield
reduction, with resistance sources identified only in
wild Cucumis species (Crespo et al., 2018) and
zucchini yellow mosaic virus (ZYMYV), papaya
ringspot virus (PRSV), and watermelon mosaic virus
(WMV-2), which frequently occur in mixed infections
and produce severe mosaic, vein yellowing and fruit
deformation (Cho et al., 2011). These viruses belong
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to diverse families, including Cucumovirus, Potyvirus
and Tobamovirus and their management is challenging
due to mixed infections and rapid viral evolution
(Martin-Hernandez and Pico, 2020).

CGMMYV is a highly contagious and economically
significant plant virus belonging to the genus,
Tobamovirus. First identified in the United Kingdom
in 1935, CGMMYV has since spread globally, severely
affecting cucurbit crops such as cucumber,
watermelon, muskmelon and bottle gourd. The virus
is seed-borne and mechanically transmitted, making
it particularly difficult to eradicate once introduced
into cropping systems. Its virions are rigid, rod-shaped
particles (~300 x 15 nm), encapsulating a positive-
sense single-stranded RNA genome of about 6.4 kb
(Mandal et al., 2008).

CGMMYV infection leads to characteristic symptoms
such as systemic green mottle, mosaic patterns, leaf
distortion, and in some cases, severe fruit disorders
like pulp deterioration (‘blood flesh’ disease) in
watermelon (Mandal et al., 2008). The virus has
shown remarkable stability in seeds and plant debris,
enabling long-distance dissemination through
contaminated seed lots and farming practices. Recent
studies have also revealed its ability to infect
alternative hosts, including weeds, which may act as
reservoirs and complicate control strategies (Lovelock
et al., 2023).

Molecular characterization of CGMMYV has been
essential in unravelling its genetic structure, diversity,
and evolutionary dynamics. The viral genome encodes
four open reading frames (ORFs), including a
replication-associated protein (126 kDa), a read-
through polymerase (183 kDa), a movement protein
(MP) and a coat protein (CP) (Mandal et al., 2008).
Comparative genomic studies have revealed low but
significant variability among global isolates, with
distinct phylogenetic clustering linked to geographical
origins (Yeesarapat et al., 2013). Such molecular
insights are crucial not only for taxonomy but also
for designing precise diagnostic tools and breeding
resistant cultivars. The present study emphasizes the
molecular characterization of CGMMYV, providing
valuable insights into its genetic diversity and

contributing to a deeper understanding of the
distribution and prevalence of specific isolates within
the regions.

MATERIAL AND METHODS

Source and Maintenance of the Virus Isolate

Leaf samples from cucumber plants showing typical
CGMMYV symptoms were collected from naturally
infected fields of Kolar district, Karnataka, India.
The samples were ground in a chilled mortar and
pestle using 0.05 M potassium phosphate buffer
(pH 7.0) supplemented with 0.02 per cent 2-f3-
mercaptoethanol, at a ratio of 2 mL buffer per gram
of tissue. The crude sap was then filtered through
double-layered muslin cloth to eliminate debris. For
mechanical inoculation, celite powder (600 mesh,
0.025 g/mL sap) was added as an abrasive and the
prepared inoculum was applied to the upper surface
of Nicotiana glutinosa and Chenopodium giganteum
leaves by gently rubbing with absorbent cotton in a
uni-direction. Excess inoculum on the leaves was
rinsed away with distilled water after ten minutes
(Vinaykumar et al., 2018). Inoculated plants were kept
in glasshouse to monitor symptom manifestation. The
virus culture designated as KCG1 isolate and was
maintained in the glasshouse at Department of Plant
Pathology, UAS, GKVK, Bengaluru for further
studies.

RNA Isolation and PCR Amplification

RNA was extracted from the leaf samples harvested
from KCG-1 isolate inoculated on to tobacco plants
maintained in the glasshouse, along with healthy leaf
samples, using a modified phenol-chloroform and
lithium chloride (LiCl) protocol as described by Netla
et al. (2025). The integrity of the RNA was verified
on a 1.2 per cent agarose gel, while quantification
was performed using a Nanodrop spectrophotometer
(Thermo Fisher Scientific, USA). For cDNA
synthesis, reverse transcription was carried out with
a CGMMYV CP- R primer. Briefly, 5 pg of total RNA
was mixed with 10 pmol/pL of the primer and
denatured at 70°C for 5 minutes. The reaction mixture
was then supplemented with 4 uL of 5x RT buffer,
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2.5 uL of 10 mM dNTP mix, 4 uL of DEPC-treated
water and 0.5 pL of PrimeScript™ Reverse
Transcriptase (200 U/uL), making up a final volume
of 20 pL. Reverse transcription was performed at 42°C
for 60 minutes, followed by enzyme inactivation at
70°C for 10 minutes (Khatib et al., 2025) followed
by PCR amplification of full length coat protein gene
of CGMMV.

CGMMYV CP-specific primers were used for the PCR
amplification and Table 1 lists the primer sequences,
cycling conditions and expected amplicon size for
PCR reaction. The 20 pL PCR reaction mixture
consists of 10 uL of 2x PCR Master Mix (Emerald
Amp, TaKaRa, Japan), 5 uL of nuclease-free water
and 1.5 puL (10 pmol/pL) of both forward and reverse
primers. Amplification was performed in a Proflex
thermal cycler (Carlsbad, California, USA) along with
negative control. A negative control in PCR is a
reaction containing all components except the
template DNA, used to ensure that any amplification
observed is not due to contamination. The PCR
products were electrophoresed on a 1.5 per cent
agarose gel, stained with ethidium bromide and bands
were visualised undera gel documentation system. The
amplified products were Sanger sequenced at Barcode
Bioscience Private Limited, Bengaluru.

Phylogenetic Analysis

The CGMMYV CP sequence obtained by anger
sequencing was subjected to BLASTn search and

similar sequences were identified in the National
Centre for Biotechnology Information (NCBI)
database, Maryland, United States. The sequences
showing similarity were retrieved from NCBI
(Table 2) and was employed in phylogenetic analysis.
Phylogenetic analysis was performed using MEGAXI
software with 1000 bootstrap replication value
(Tamura et al., 2021). This similarity index was
represented in colour code matrix using SDTv1.3
software.

Loop-Mediated Isothermal Amplification

LAMP assays were carried out in a 25 pL reaction
volume consisting of 2 uLcDNA template reverse
transcribed using B3 primer (50 ng/uL), 1 uL each of
outer primers F3 and B3 (10 pM), 2 uL each of inner
primers FIP and BIP (10 uM), as well as loop primers
LF and LB (10 pM). The mixture also contained 1.5
pL of 10 mM dNTPs, 1 uL of 5 M betaine, 6.5 pL
nuclease-free water, 2.5 uL of 1X ThermoPol reaction
buffer (20 mM Tris-HCl, 10 mM (NH,),SO,, 10
mMKCI, 2 mMMgSO, and 0.1% Triton X-100,
pH 8.8 at 25 °C), 0.5 pL of 100 mMMgSO, and
1 uL of Bst DNA polymerase (8 U; New England
Biolabs, USA). Amplification was performed
in a water bath at 60 °C for 60 min, followed by
heat inactivation at 80 °C for 10 min. The
amplification products were resolved on 1.8 per cent
agarose gel, electrophoresed at 65 V for 3 h, stained
with ethidium bromide (10 mg/mL) and visualized

TasLE 1

List of primers designed and used in this study

Primer name Primer sequence Target Amplicon

region length

CGMMYV CP-F GACGGAATTCATGGCTTACAATCCGATCAC Coat =490 bp

CGMMYV CP-R GCAGTCGACGCTTTCGAGGTGGTAGCCT protein

CGMMYV - F3 TCACAAGGTACCGCTTTCC gene

CGMMYV - B3 CGTATCCGTGGAGCTGAGA

CGMMYV - FIP ACGACAGACGAGGGTAACGCA-AGACTCAAGCGGGAAGAGA

CGMMYV - BIP TCTAGGTTCCCAGATGCGGGT-AGCGAAACGAAGATAGGCC

CGMMYV - LF GACAGGGACTCGCGGAAA

CGMMYV - LB CGCTTTCCTCAACGGTCCT
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TABLE 2

List of nucleotide sequences of different CGMMYV isolates used in phylogenetic analysis
along with source, country and identity per centage

A;Eﬁfs:n Virus Source Country si((l)?eltz‘%)
0Q198378.1 CGMMV Hive collected pollen Australia 96.30
KX353557.1 CGMMV Squash China 96.30
0Q198386.1 CGMMV Hive collected pollen Australia 96.30
0Q198385.1 CGMMV Hive collected pollen Australia 96.30
MH271441.1 CGMMV Tobacco Canada 96.26
DQ767636.1 CGMMV Bottle gourd India 96.26
AJ748352.1 CGMMV Calabash India 96.51
KM873787.1 CGMMV Watermelon China 96.42
KJ754195.1 CGMMV Cucumber China 95.90
0OK338441.1 CGMMV Pea China 96.71
MH129050.1 CGMMV Muskmelon Thailand 96.18
KC852074.1 CGMMV Tobacco China 96.51
HG970177.1 CGMMV Muskmelon China 96.51
KX353559.1 CGMMV Cucumber Spain 97.74
MF510469.1 CGMMV Cucumber Canada 97.74
KJ729038.1 CGMMV Bottle gourd India 96.92
MF510467.1 CGMMV Cucumber Canada 97.74
MH426842.1 CGMMV Cucumber Canada 97.54
AJ429090.1 CGMMV Cucumber Germany 94.50
AB369274.1 CGMMV Watermelon South Korea 97.54
MW732125.1 CGMMV Squash Pakistan 96.51
MW732124.1 CGMMV Bitter gourd Pakistan 96.42
OR482969.1 CGMMV Bitter gourd Pakistan 96.42
EU366912.1 CGMMV Cucumber India 97.33
MNS551284.1 CGMMV Muskmelon Korea 97.13
AJ459421.1 CGMMV - Korea 96.51
PX281938 CGMMV Cucumber India -
L35073.1 Tobacco mosaic virus Pepper Korea 62.36
JF8103439.1 Tomato mosaic virus  Tomato Spain 78.20

using a Gel Doc XR system (Bio-Rad, USA). For
colorimetric detection, 0.2 puL of 20 mM
hydroxynaphthol blue (HNB; Sigma-Aldrich, USA)

RESuLTS AND DiscussioN

Source and Maintenance of the Virus Isolate

was added to the reaction mixture before
amplification. A positive LAMP reaction was
indicated by a visible color change from violet to sky
blue (Netla et al., 2025).

The cucumber leaves sample showing typical
CGMMYV symptoms, such as mosaic and mottling
symptoms on leaves, including light and dark green
patches, yellowing, vein chlorosis and wrinkling (Ling

)
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et al., 2014) were collected from the fields of Kolar
district, Karnataka during February of 2024 followed
by mechanical inoculation on to N. glutinosa and
C. giganteum. Upon mechanical inoculation,
N. glutinosa exhibited the local lesions and
C. giganteum exhibited the mosaic symptoms.
Tobamoviruse typically induce necrotic local lesions
on N.glutinosa, which appear as small, dark brown to
black spots within four days of inoculation (Plate 1).
These lesions are a classic hypersensitive response,
restricting viral spread to localized areas (Zhang
et al., 2008). Chenopodium spp. upon inoculation with
tobamoviruses (including C. giganteum, similar to
C. amaranticolor and C. murale, which are widely
used as indicator plants), produces chlorotic lesions

“ : - v g
u e - L [ i

that are distinct, round and well-delimited, sometimes
expanding into chlorotic spots or vein clearing, which
depends on the virus strain (Kim et al., 2002). The
virus isolate was designated as KCG1 isolate

(Fig. 1).
PCR Amplification

PCR amplification from total RNA extracted from
symptomatic N.glutinosa leaf samples using CGMMV
coat protein (CP)-specific primers successfully
resulted in an expected amplicon of approximately
490 bp (Plate 2). No amplification was observed in
healthy plant controls, confirming primer specificity.
The results confirm the presence of CGMMYV in the

Plate 1 : Symptoms induced by CGMMYV on A) Nicotiana glutinosa after 4 days of inoculation by infected cucumber leaf.
B) Chenopodium giganteum after 7-8 days of inoculation by infected cucumber leaf

0Q198378.1 Cucumber green mottle mosaic virus Australia
KX353557.1 Cucumber green mottle mesaic virus Spain
00188386.1 Cucumber green mottle mosaic virus Australia

0Q198385.1 C

Tree scale: 0.1
4‘7

ber green mottle mosaic virus Australia

MH271441.1C

DO7E7636.1 Cucumber green mottle mosaicvinus India
AJT48352.1 Cucumber green mottle mosaic virus India
KMB73787.1 Cucumber green mottle mosaic virus China
K1754195.1 Cucumber green mottle mosaic virus China
OK3283441.1 Cucumber green mettle mesaic virus China
MH128050.1 Cucumber green mottle mosaic virus Thailand
KCBS2074.1 Cucumber green mottle mosaic wirus China
HG970177.1 Cucumber green mottle mosaic virus China

KX353559.1 C ber green mottle mosaic vius Spain

ber green mottls mosaicvirus USA

MFS10469.1 Cucumber green mottle mosaic vinus Canada
KJ728038.1 Cucumber green mottle mosaic virus India
MFS510467.1 Cucumber green mottle mosaic vius Canada
MH426842 1 Cucumber green mottle mosaic virus Canada
/A1425080.1 Cucumber green mottie mosaic virus Germany
AB369274.1 Cucumber gresn mottle mosaic viuus Korsa

[— MWF32125.1 Cucumber green mottie mosaic virus Pakistan
551 MW732124.1 Cucumber green mottle mosaic virus Pakistan
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Fig. 1 : Phylogenetic tree based on the nucleotide sequence of CGMMV-KCGlisolate with the retrieved sequences from the NCBI
database using MEGAXI software with 1000 bootstrap replication value
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N. glutinosa plants inoculated with suspected
CGMMYV isolate collected from the cucumber fields
confirming the virus isolate as CGMMYV. Similar
attempts in detecting CGMMYV was reported earlier,
where the CP gene region was amplified using the
specific primers with expected amplicon length of the
480-500 bp range (Ling ef al., 2014 and Mandal et
al., 2008). These findings highlight the robustness of
CP-based PCR assays for routine detection, given that
the coat protein is highly conserved among CGMMYV
isolates. Similar results have been reported in
diagnostic studies across different geographical
regions, reinforcing the value of CP gene amplification
in confirming field infections and supporting
downstream applications such as sequencing,
phylogenetic analysis and strain differentiation
(Orfanidou et al., 2019).

Molecular Characterisation and Phylogenetic
Analysis

The nucleotide sequence of ~490 bp was obtained
from the PCR amplified products using CGMMYV coat
protein specific primers. The obtained sequence was

Ladder

KCG1

compared with the other twenty-six coat protein gene
sequence of CGMMYV along with coat protein gene
of tobacco mosaic virus and tomato mosaic virus as
out group (Table 2). The Phylogenetic tree was
constructed using the MEGAXI software (Tamura
etal.,2021). The phylogenetic analysis of coat protein
(CP) gene sequences demonstrated that the CGMMV
isolate PX281938 (KCG1) is distinct from the
majority of other global isolates. Unlike the Indian,
Chinese, Canadian and European isolates that formed
well-supported clusters, KCG1 branched separately,
indicating a more divergent lineage. This suggests that
KCG1 isolate has undergone independent
evolutionary changes, possibly influenced by host
adaptation or regional selective pressures.

Although distantly related to the main Asian and
European clades, KCG1 isolate still groups within the
CGMMYV complex, confirming its identity as a variant
of the same virus species. Its separation from closely
related isolates such as those from India (DQ767636.1,
AJ748352.1, EU366912.1) and China (HG970177.1,
KC852074.1) highlights the genetic diversity of

—ve cortrol

Plate 2 : PCR amplification of CGMMYV coat protein gene on agarose gel electrophoresis
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CGMMYV isolates and suggests limited gene flow
between KCGI1 isolates and these populations.
Interestingly, the basal positioning of KCG1 isolate
near the outgroups (Tobacco mosaic virus and Tomato
mosaic virus) may reflect early divergence or reduced
similarity compared to other CGMMYV isolates
(Fig.1). This is represented in colour code matrix using
SDTv1.3 software (Fig. 2).

Loop Mediated Isothermal Amplification

The LAMP assay developed successfully amplified
the target coat protein (CP) gene of CGMMYV. The
amplified products, when resolved on 1.8 per cent
agarose gel electrophoresis, exhibited a characteristic
ladder-like banding pattern, confirming successful
amplification of the viral genome (Plate 3). No
amplification was observed in the negative controls
and healthy N. glutinosa samples, indicating the
assay’s specificity. In addition, positive reactions were
visually confirmed through a distinct colour change
in the reaction mixture, enabling rapid detection
without the need for electrophoresis. The absence of
amplification in negative control ensures no
contamination by showing no amplification without
template DNA, while a healthy control confirms assay
specificity by showing no amplification using nucleic

acid from a pathogen-free plant. The visible colour
change provided a rapid, user-friendly diagnostic
option (Muttappagol et al., 2023). These findings are
consistent with earlier reports demonstrating the
efficiency of LAMP for plant virus detection, where
high sensitivity and rapid amplification were achieved
under isothermal conditions (Notomi et al., 2000 and
Zhao et al., 2019). LAMP’s isothermal nature, rapid
turnaround and potential for on-site use provide major
advantages (Mori & Notomi, 2009 and Niessen, 2015).

CGMMVis a seed-borne Tobamovirus that causes
severe yield losses in cucurbits. In this study, leaf
samples from symptomatic cucumber plants from
Kolar, Karnataka, India, were collected, mechanically
inoculated on to N. glutinosa and C. giganteum
confirmed for the presence of CGMMYV through
RT-PCR using primers specific to coat protein (CP)
gene. Sequencing and phylogenetic analysis revealed
that the isolate PX281938 (KCG1) in the current study
formed a distinct lineage compared to global isolates,
indicating regional genetic divergence. To enable rapid
detection, a loop-mediated isothermal amplification
(LAMP) assay was developed targeting the CP gene.
The assay produced a characteristic ladder-like
banding pattern on agarose gel and allowed visual
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Fig. 2 : Graphical representation of percentage pairwise genomic scores and nucleotide identity plot for
coat protein gene of CGMMV-KCGlisolate using SDTv1.3
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Plate 3 : Detection of CGMMYV by Loop mediated isothermal amplification. A) Visualisation of LAMP amplified product
on 1.8 per cent agarose gel electrophoresis using ethidium bromide dye. B) Visual detection of amplified
LAMP product using hydroxynaphthol blue

detection by a colour change from violet to sky blue.
This combined molecular characterization and
sensitive diagnostic tool provides valuable support for
seed health testing, quarantine inspections and
surveillance strategies against CGMMV.
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