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ABSTRACT
The calendula plants showing the yellow vein disease
symptoms were collected from Madikeri dist. of Karnataka
state, India. Total nucleic acid isolated from the infected
Calendula plant leaf samples were subjected to PCR using
begomovirus specific primer. The PCR diagnostic and whole
genome sequencing indicated that the symptomatic calen-
dula plants are associated with Papaya leaf curl virus
(PaLCuV). The viral complete genome causing yellow vein
disease had showed maximum nucleotide (nt) identity of
91.5–94.9% with begomovirus (PaLCuV) strains previously
identified begomovirus from India infecting Croton bonplan-
dianum, Acalypha sp. and chilli. Regarding to begomovi-
ruses criteria for strain demarcation (91% nucleotide
similarity), the virus infecting calendula in this report is con-
sidered as a strain of PaLCuV.

The betasatellite showed maximum nucleotide identity
of 89.8% with croton yellow vein mosaic betasatellite
(CroYVMB) infecting okra and Croton. According to our
knowledge, this is the first report of PaLCuV infecting the
Calendula, in India. The result also indicated that calendula
plants infected with PaLCuV may act as an alternate host
for other economically important plant pathogens.
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GRAPHICAL ABSTRACT

The ornamental flower plant, Pot marigold (Calendula officinalis L.) is
an important ornamental flower crop belonging to the family Asteraceae.
This plant grows during the winter season in different parts of
Karnataka. It can also be used in the pharmaceutical industry. This plant
is highly susceptible to different plant pathogens, many of which can
affect the quality and quantity of the flowers. Different viruses such us
Cucumber mosaic virus, Turnip mosaic virus and Tobacco mosaic virus
were recorded worldwide causing huge losses on calendula plants that
can be passed on the level of the floriculture industry (Lisa and Della-
Valle 1979; Naqvi and Samad 1985; Hristova et al. 1994; Gupta and
Verma 1983). Recently it also shown that Tomato leaf curl New Delhi
virus is infecting Calendula officinalis in India (Khan et al. 2005). In the
present investigation we characterize another begomovirus causing yellow
vein disease of Calendula officinalis in India.
The ornamental Pot marigold plants showing the typical of virus-like

symptoms of yellow vein were collected at Madikeri dist. of Karnataka state,
India (Figure 1). In order to investigate the potential presence of begomovi-
rus on calendula, total nucleic acid was isolated from five symptomatic and
from one asymptomatic calendula plants using the CTAB method (Doyle
and Doyle 1990), and subjected to polymerase chain reaction (PCR) using
begomovirus specific primer pair (Venkataravanappa et al. 2012).
An expected PCR amplicon �1.2 kb close to PaLCuV was detected in

all five infected pants but not from the healthy plant sample. The partial
amplified 1.2 kb PCR fragment from the five samples were cloned and
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sequenced. The sequence analysis (1.2 kb) indicates five calendula plant
samples are associated with monopartite begomovirus (more than 97%
nt identity among themselves), close to PaLCuV. After confirmation of
begomovirus infection in calendula plant samples, one sample was
selected for full-length genome amplification using RCA method as rec-
ommended by the manufacturer’s protocols. To identify enzymes a prod-
uct of 2.8 kb size monomeric units, the RCA products amplified from
the calendula were subjected to restriction endonucleases EcoR I, Xba I,
Bam HI and Hind III digestion. Among these, the Bam HI enzyme gave
2.8 kb monomeric fragment which was cloned into pUC19 plasmid
(Venkataravanappa et al. 2016). The transformed colonies were screened
by PCR and restriction digestion using BamHI and ScaI enzymes in
order to confirm the DNA insert. The confirmed clones were sequenced.
BLASTn Program (http://www.ncbi.nlm.nih.gov/BLAST) was used to

search sequence similarity of DNA A and betasatellite to the virus. Results
showed highest value of NSI (nucleotide sequence identity) with PaLCuV
infecting different crops. These sequences were retrieved and used in ana-
lysis (Tables S1 and S2, Supplementary material). ORF Finder (www.ncbi.
nlm.nih.gov/gorf/gorf.html) was used to determine the genome organization.
The sequences showing maximum NSI to the PaLCuV were aligned by
Species Demarcation Tool (SDT) (Muhire et al. 2014) and pairwise per-cent
nucleotide identity of PaLCuV and the sequences were generated. A max-
imum likelihood method was used to draw the phylogeny using MEGA X
software (Kumar et al. 2018) with 1000 bootstrapped replications.
The DNA A component of PaLCuV infecting ornamental calendula

plant was 2773 bp in length and it was submitted to GenBank database
(Accession no. MK087120). The SDT analysis of complete genome of
PaLCuV isolated from calendula showed the maximum NSI of

Figure 1. (a) Healthy Calendula plant, (b) begomovirus infected calendula plant showing yel-
low vein and leaf curl symptoms under natural conditions.
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91.5–94.9% with PaLCuV infecting Croton bonplandianum, Acalypha sp.
and chilli previously described begomovirus from India (Table 1). This
was supported by a graphical color-coded matrix of pairwise identity
scores (Figure 2(b)) generated by Species Demarcation Tool (SDT)
(Muhire et al. 2014). Based on the currently applicable demarcation cri-
teria for begomoviruses species (91% nucleotide sequence identity,
Brown et al. 2015) have outlined begomoviruses strains with nucleotide
identities less than 95% across the complete genome and as variants with
more than 95%. Since the virus infecting calendula showed 91.5–94.9%
sequence identity with PaLCuV, it is likely to be a strain of this virus.
Additional descriptor (India: Karnataka: Calendula: 2018) is proposed. A
phylogenetic analysis of the DNA A of PaLCuV infecting calendula, con-
firms close similarity of PaLCuV infecting Croton bonplandianum,
Acalypha sp. and chilli from India (Figure 2(a)).
Most of the old world begomoviruses are commonly found associated

with ssDNA molecules known as satellite, for which PCR was performed
with universal primers specific (Briddon et al. 2002). Amplicon of 1.3 kb

Figure 2. Phylogenetic trees constructed from aligned complete nucleotide sequences of (a)
PaLCuV (Acc. no. MK087120) infecting Calendula with other begomoviruses using maximum
likelihood method. Horizontal distances are proportional to sequence distances, vertical dis-
tances are arbitrary. The trees are unrooted. A bootstrap analysis with 1000 replicates was
performed and the bootstrap percent values more than 50 are numbered along branches.
(b)The two dimensional color-coded matrix of pairwise identity scores of the begomovirus
under study were obtained using Species Demarcation Tool (http://web.cbio.uct.ac.za/SDT).
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http://web.cbio.uct.ac.za/SDT


obtained from infected calendula plants was cloned and sequenced. The
betasatellite had typical features of other betasatellites (Briddon et al.
2002; Venkataravanappa et al. 2011). The betasatellite (1362 nt, Acc. No.
MK087121) characterized in this study showed more than 89.8% nucleo-
tide identity with croton yellow vein mosaic betasatellite (CroYVMB)
infecting okra and Croton bonplandianus (Table 2). This was supported
by a graphical color-coded matrix of pairwise identity scores (Figure
3(b)) generated by Species Demarcation Tool (SDT). The threshold value
for classification betasatellites is set at 78% NSI (Briddon et al. 2008), the
betasatellite isolated from calendula plant is an isolate of CroYVMB. The
phylogenetic analyses also showed that the betasatellite associated with
yellow vein disease in Calendula is closely cluster with Indian isolates of
CroYVMB and PaLCuB infecting chilli, okra and Croton bonplandianus
in Indian subcontinents (Figure 3(a)).
Begomovirus are important group of plant viruses (Mansoor et al.

2003) which infects number of crop pants and causes significance yield
loss to agriculture and horticulture crops in worldwide (Lima et al.
2013). Ornamental plants are spread throughout the world and have
wide environmental adaptability, which are reservoirs for new viruses

Table 2. Percentages of nucleotide or amino acid sequence identities between betasatellite
of Calendula and betasatellites (Acc. No. MK087121) of other begomoviruses.

Betasatellites
Accession
numbers Country Crop

Complete
sequence of

DNAb
(percentage

NSI) ORF bC1

PaLCuB KY825247 Pakistan Chilli 88.5 77.4
PaLCuB KY825246 Pakistan Chilli 88.0 77.4
PaLCuB KY825245 Pakistan Chilli 87.8 76.6
PaLCuB JN663874 India Chilli 86.9 78.8
PaLCuB KT253636 India Cluster bean 86.0 77.5
PaLCuB MH359169 India wild sunflower 83.9 72.5
AEVB AJ557441 India Ageratum 71.2 55.9
CroYVMB GU111995 India Okra 89.8 55.0
CroYVMB JN831447 India Croton bonplandianus 89.5 84.7
CroYVMB JQ354987 India Croton bonplandianus 88.7 83.0
CroYVMB KF964661 India Croton bonplandianus 86.7 77.9
RaLCuB JN663873 India Chilli 74.1 76.2
ToLCB KU500806 India Tomato 72.2 60.1
ToLCB KJ605115 India Tomato 74.4 55.0
CLCuMuB FJ159274 India Hibiscus cannabinus 65.3 58.3
TobSCVB AJ421485 China Tobacco 70.4 27.9
ToLCJoB JN663863 India Chilli 66.2 54.2
ToLCBDB AY438558 India Tomato 67.5 46.8
ChiLCB AM279668 India Chilli 65.7 57.5
ToLCPnB HQ180393 India Tobacco 70.7 58.3
#The species are indicated as Synedrella yellow vein betasatellite (SYVB), Ageratum yellow leaf curl betasatel-
lite (AYLCB), Croton yellow vein mosaic betasatellite (CroYVMB), Radish leaf curl betasatellite (RaLCuB),
Tomato leaf curl betasatellite (ToLCuB), Cotton leaf curl Multan betasatellite (CLCuMB), Tobacco curly shoot
betasatellite (TbCSB), Tomato leaf curl Joydebpur betasatellite (ToLCJoB), Tomato leaf curl Bangladesh beta-
satellite (ToLCBDB), Chili leaf curl betasatellite (ChLCB), Tomato leaf curl Patna betasatellite (ToLCPnB). For
each column the highest value is underlined.
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and unidentified viruses (Urbino et al. 2013). The literature showed that
ornamental plants are alternative hosts for different virus survival and
spread in the absence of the main hosts (Raj et al. 2007; Ilyas et al.
2013). In the present study the Calendula plant showing typical yellow
vein disease symptoms are associated with a strain Papaya leaf curl virus,
which is previously identified in India are infecting Croton bonplandia-
num, Acalypha sp. and chilli.
Most of the betasatellites were identified in different crops so far are

associated with Old World monopartite DNA viruses (Briddon and
Stanley 2006). In the present study the betasatellite associated with the
yellow vein disease of calendula plant is belongs to croton yellow vein
mosaic betasatellite (CroYVMB), which is previously identified in okra,
papaya and radish, croton, crotalaria and jatropha in India subcontinents
(Pramesh et al. 2013). The literature also showed that many betasatellites
are trans-replicating the in the distinct begomovirus species (Jyothsna
et al. 2013; Saunders et al. 2002, 2008; Mansoor et al. 2003). In this study

Figure 3. Phylogenetic trees constructed from aligned complete nucleotide sequences of
CroYVMB betasatellite (Acc. No. MK087121) infecting Calendula (a) with other betasatellites
retrieved from the database using maximum likelihood method. Horizontal distances are pro-
portional to sequence distances, vertical distances are arbitrary. The trees are unrooted. A
bootstrap analysis with 1000 replicates was performed and the bootstrap percent values
more than 50 are numbered along branches. (b) The two dimensional color-coded matrix of
pairwise identity scores of the betasatellite under study were obtained using Species
Demarcation Tool (http://web.cbio.uct.ac.za/SDT).

ARCHIVES OF PHYTOPATHOLOGY AND PLANT PROTECTION 7
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clearly indicates papaya leaf curl virus is expending it host range from
papaya to other ornamental host, which may cause serious threat for cul-
tivation of ornamental and horticulture crop plants. In depth study is
required to identify further spread of papaya leaf curl virus in the coun-
try. This will form the basis for further investigations.
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