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Abstract

Bellis perennis is used across the globe in garden landscaping and as a pot plant for beautification besides
various cosmeceuticals and medicinal properties, and therefore has significant agronomic value. B.
perennis plants were observed exhibiting yellow vein net symptom in gardens at Lucknow during a roving
survey. The size of foliage and bloom was smaller than the healthy plants growing around, in diseased
plants. Ageratum (weed) plants in the same gardens were also observed showing similar yellow vein
net symptom. The infection of begomovirus was confirmed in these plants by PCR and full-length DNA-A
and betasatellite genomes inferred. The DNA-A revealed 87.6-95.9% nucleotide sequence identity with
Ageratum Enation Virus (AEV), whereas betasatellite DNA revealed 85.9-95.0% identity with Ageratum
Leaf Curl Betasatellite (ALCB) and clustered with them in phylogeny. No viral disease is known in B.
perennis world over before this investigation. To the best of our knowledge, this is the first ever record
of AEV and ALCB occurrence in B. perennis that may serve as reservoir for further virus dissemination in
other argonomically important plants and need attention
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Introduction

Bellis perennis L. (family Asteracea) is a perennial herb and widely naturalized in
temperate regions of the world including Europe, Northern America, and Central Asia. The
plants bloom from early to mid-summer and long flowering season, even produce a few
flowers until the middle of mild winter, and therefore used for decoration in landscaping
and also as pot plant. B. perennis has astringent properties and has also been used in herbal
medicine. Fresh, fully expanded leaves are consumed raw in salads or cooked, petal and
flower buds used raw in sandwiches, soups, tea as a vitamin supplement (“Bellis perennis L.
Plants for a Future database). The crude extract or a fraction of B. perennis has properties
like cosmeceuticals [1], therapeutic effects on common colds, wound healing, and antitumor,
[2,3], as an antioxidant [4,5], anticancerogenic [6], antimicrobial [7], antidepressive and
anxiolytic [8], nephroprotective, and insulin mimetic effects [9], as well as an effect on lipid
metabolism [10]. B. perennis plant system has also been used as a biotechnological tool for
protein localization studies where biolistic transfection of heme-oxygenase tagged with
fluorescent reporter was established in epidermal pavement cells containing a moderate
number of functional chloroplasts [11]. Literature mining revealed only a handful of records
of pathogen attack on B. perennis [12] but no virus disease reported world over. Here we
report the hitherto unknown yellow vein net disease in B. perennis, a threat to it and other
economically important crops.

Materials and Methods

Young leaf samples of B. perennis exhibiting yellow vein net symptoms along with
asymptomatic (healthy) leaf were collected from Lucknow (26.8563° N, 80.9499° E) and
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subjected for virus detection. Leaf samples from ageratum weed
plants exhibiting similar yellow vein net symptoms, growing in
the vicinity, were also collected. For all the virus transmission
studies, healthy plants of B. perennis of 3-4 leaf stage were used.
For molecular detection of virus, total genomic DNA was isolated
from 100mg of symptomatic and asymptomatic leaf samples of
B. perennis and ageratum using DNeasy Plant Mini Kit (QIAGEN,
GmbBH, Germany). The universal primer pairs: PAL1v1978/
PAR1c496 [13] and Beta01/02 [14] were used for begomovirus
detection. Briefly, reaction was carried out in 50pl reaction mixture
that included 50ng of template DNA, 1x Pfu DNA polymerase
buffer, 25pM each of forward and reverse primers, 200uM dNTPs,
25mM MgCl,, and 3 U Pfu DNA polymerase (MBI Fermentas, NY,
USA). Amplification was carried out in a Peltier thermal cycler-
PTC200 (M] Research, Waltham, MA, USA) following the conditions
described elsewhere [13,14]. PCR products were size separated on
a 1% agarose gel and size assessed using a DNA marker (Lambda
DNA digested with EcoRI/HindlIIl; Genei, Bangalore, India).

The circular viral genome was amplified by Rolling Circle
Replication (RCR) method using @-29 DNA polymerase from
genomic DNA using TempliPhi Amplification kit (GE Healthcare, NJ,
USA) following the standard procedure [15]. The RCA product was
monomerized by digestion with Xbal, Xhol and BamHI (New England
BioLabs, USA) as described earlier [16], cloned in pCAMBIA2300

binary vector backbone at respective endonuclease digestion sites
and get sequenced (Genei, Bangalore, India). Similarity searches
were carried out with the BLASTn search program (http://www.
ncbi.nlm.nih.gov/BLAST/). Phylogenetic trees were created using
MEGA software v.11 [17] and similarity scores were generated
using SDT v1.3 [18].

Whitefly-mediated virus transmission assay was performed to
satisfy Koch’s postulates as previously described [16]. Aviruliferous
whiteflies (Bemisia tabaci complex) reared on healthy tomato
plants were collected, starved for 3 hours, and then allowed to feed
for 24 hours on an infected B. perennis. Ten viruliferous whiteflies
(each plant) were fed on healthy B. perennis saplings grown in
insect-proof cage.

Result and Discussions

About 21% (29 out of 139) B. perennis plants were observed
displaying distinct yellow vein net symptoms as compared to the
healthy plants growing in gardens (Figure 1a). In diseased plants,
the size of leaf and flower was smaller than the healthy ones
growing around. Plants were heavily infested by whiteflies. In the

same plot, ageratum plants growing as weeds were also observed
exhibiting yellow vein net symptoms (Figure 1b). The occurrence of
whitefly in the vicinity and yellow vein net symptom on B. perennis
and ageratum suggested the infection of begomovirus.

Figure 1: Image showing filed grown naturally infected Bellis perennis plant (circled in white) exhibiting yellow vein
net symptom on leaves and healthy plants around (a). Ageratum plant growing near the ornamental field exhibiting
yellow vein net symptom (b).

PCR with PALIv722/PALIc1960 and beta01/beta02 primers
resulted in amplification of expected size of 1.2kb and 1.3bp
DNA bands corresponding to size of begomovirus DNA-A and
betasatellite, respectively in all infected B. perennis and ageratum
plants. The complete DNA-A and betasatellite genomes were
amplified by RCR method which revealed about 2.7 and 1.3kb DNA
bands by digestion with Xbal and HindlII restriction endonucleases.
These DNAs were independently cloned in pCAMBIA2300 at
respective sites, sequenced and submitted (NCBI Genbank

accession number PP524973 and PP524974). The DNA-A genome
(PP524973) revealed 87.6% to 95.9% nucleotide sequence identity
with the previously identified Ageratum Enation Virus (AEV)
whereas betasatellite DNA (PP524974) revealed 85.9% to 95.0%
sequence identity with Ageratum Leaf Curl Betasatellite (ALCB) in
BLASTn and clustered with them during phylogeny.

Koch’spostulate was satisfied (toascertainthe AEVandassociate
ALCB as the cause of yellow vein net disease in naturally infected
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B. perennis) by whitefly-mediated virus transmission assay. The
healthy B. perennis seedlings developed similar symptoms as were
in the naturally infected plants 45-days post whitefly transmission.
The presence of virus in these plants was confirmed by PCR with

P M H 1 2 3 4

21.2 kb—

4.9kb—
3.5kb—

1.5kb__
1.3kb=

0.9 kb—
0.5 kb—

PALIv722/PALIc1960 primers showing the amplification of 1.2kb
DNA band in 8 out of 10 inoculated plants (Figure 2), suggesting the
fulfilment of Koch'’s postulates.
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Figure 2: 1% Agarose gel images showing 1.2kb DNA bands for AEV in ten randomly selected B. perennis plants
(lane = 1-10) at 45-days post whitefly transmission. P = positive control (naturally infected B. perennis), H = healthy
B. perennis, M = Lambda DNA Marker (EcoRI/HindIII digested).

The exhaustive literature mining revealed only a handful
of records of the pathogen attack on B. perennis. Garibaldi et
al. [12] reported the occurrence of powdery mildew caused by
Golovinomyces cichoracearum on B. perennis in commercial farms
at Albenga (northern Italy) where infected plants were covered
with white mycelia and conidia and displaying severe yellowing
symptoms. The leaf spot disease of B. perennis caused by Alternaria
alternata was reported in Shandong Province, China [19] where
symptoms on the initially infected leaves manifested as light yellow,
round or oval lesions with light or brown borders, which gradually
expanded, deepened in color, and became irregular in shape as
the disease progressed. However, no such disease symptoms
and occurrence of any virus on B. perennis is reported hitherto.
The discovery of this new disease is beneficial to the application
and protection of B. perennis which is a popular landscape and
medicinal plant.
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