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ABSTRACT

Piper yellow mottle virus (PYMoV) is the dominant virus that causes mottle disease in black pepper (Piper nigrum). Two
species of mealybugs, Ferrisia virgata and Planococcus minor have been reported as vectors of PYMoV. A different species
of mealybug that has never been reported before was found in black pepper. Molecular approaches including total DNA
isolation of mealybug collected from the field, mealybugs identification by DNA barcode, detection of PYMoV in single
mealybugs, were conducted as an approach to identify the potential of mealybugs as PYMoV vector in the field. Mealybugs
were collected from black pepper plants in Cimanggu (Bogor, West Java) and Sukamulya (Sukabumi, West Java). Characters
of adult females were observed for morphological identification. Molecular-based identification of the mealybugs and
PYMoV involved the following procedures: total DNA isolation, DNA amplification, nucleotide sequencing and sequence
analysis. Three species of mealybugs, P. minor, F. virgata and Paracoccus marginatus were confirmed by morphological
and molecular identification. This is the first report for the occurrence of P. marginatus in black pepper plants. PYMoV was
successfully detected from field samples of F. virgata, P. minor and P. marginatus. This finding indicates the potential of

insect vectors for disease spread and distribution.
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INTRODUCTION

Black pepper (Piper nigrum L.) is one of the
major plantation export commodities that put Indonesia
as the fourth white pepper exporting country worldwide
in 2017, contributing 8.73% of the world’s total needs
(Direktorat Jenderal Perkebunan, 2018). As one of the
main spices, black pepper is not only useful as a cooking
spice but also plays a role in the health sector, including
having an anticancer effect (Ngo et al., 2018).

Mottle is a viral major disease in black pepper
and has been reported in several producing countries,
i.e. India, Thailand, Malaysia, Sri Lanka, Brazil, China
and the Philippines, with disease incidence ranging from
10 to 45% (Lockhart et al., 1997; Hany et al., 2014;
Che et al., 2021). In Indonesia, mottle disease has been
observed in many black pepper plantations, among
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others in Purbalingga, Bangka and Yogyakarta (Mariana
& Miftakhurohmah, 2016; Alif et al., 2018). Molecular
identification has shown that black pepper mottle disease
in Indonesia is associated with Piper yellow mottle
virus (PYMoV) and Cucumber mosaic virus (CMV)
subgroup IB. Furthermore, recent survey indicated
that the frequency of the virus in the research station
of the Indonesian Spice and Medicinal Crops Research
Institute (ISMCRI) in Sukamulya (Sukabumi, West
Java) was dominated by PYMoV (Miftakhurohmah
et al., 2020). Piper yellow mottle virus belongs to the
Badnavirus genus of the family Caulimoviridae. The
PYMoV genome is a double-stranded DNA, with a
length of 7662 nucleotides, translated into four open
reading frames (ORF). Three ORFs, i.e. ORF 1, ORF 2
and ORF 4, encode hypothetical proteins with molecular
weights of 15.7, 17.1 and 17.9 kDa, respectively, whose
function is unknown. ORF 3 encodes a polyprotein
measuring 218.6 kDa, consisting of movement protein
(MP), trimeric dUTPase, zinc finger, retropepsin, RT-
LTR and RNase H (Hany et al., 2014).

Transmission of viruses through insect vectors
is presumed to cause the spread of disease in the
field, beside the use of virus-infected plant material.
In Indonesia, two species of mealybugs, i.e. Ferrisia
virgata and Planococcus minor, have been reported
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as PYMoV vectors based on greenhouse transmission
experiments (Miftakhurohmah et al., 2022). Recently,
a morphologically different species of mealybug was
found in black pepper in Cimanggu (Bogor, West Java),
with characters close to Paracoccus. Although mealybug
is a vector of PYMoV, it is not considered as the main
pest for black pepper plants in Indonesia (Manohara &
Wahyuno, 2016). However, the abundance of P. minor
was reported in the nurseries. Therefore, it has the
potential to transmit the virus and become an important
pest in the nurseries (Rismayani et al., 2015).

Previous identification of mealybugs species
found in black pepper was carried out based on
microscopic observations of the complete structure of
adult female specimens (Balfas et al., 2002; Sartiami
et al., 2008). Nymphs and adult males are rarely used
for identification because distinguished morphological
characters are difficult to be found (Malausa et al.,
2011; Beltra et al., 2012). Molecular markers have
been widely used to identify several insect families
(Pelletier et al., 2012; Banta et al., 2016). The
mitochondrial cytochrome oxidase I (COI) gene is the
region selected as the standard molecular marker for
animal identification. The COI gene region has also
been reported to differentiate between Pseudococcidae
species (Wu et al., 2014; Banta et al., 2016).

Detecting the viruses in their vectors is crucial for
studies on vector-virus relationships, virus transmission
and monitoring its existence in the field before the
symptoms appear in plants (Barragan & Guzman-
Barney, 2014; Kimura et al., 2016). Detection of viruses
from insect vectors is more difficult than those from
infected plant samples such as leaves, due to low viral
titers. Previous studies have succeeded in developing
virus detection techniques from insect vectors using
PCR (Pelletier et al., 2012; Obok et al., 2018). This
research was conducted to identify mealybug species in
black pepper plants and to develop a molecular detection
technique for PYMoV from these insects.

MATERIALS AND METHODS

Research Site. Mealybugs were collected from black
pepper plants which showed mottle disease symptoms
in Cimanggu, Bogor, and Sukamulya (Sukabumi) of
West Java. Slide preparate of mealybugs were prepared
at the Insect Taxonomy Laboratory, Department of Plant
Protection, IPB University. Observation of mealybug
slides and molecular detection was carried out at
Laboratory of Plant Disease and Integrated Laboratory
ISMCRI, Bogor.
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Mealybugs Collection from the Field. Nymphs and
adults of mealybug were collected directly from plants
using wet brush, then it was placed into a 1.5 mL
microtube filled with absolute alcohol for molecular
identification purposes (Malausa et al., 2011) or 70%
alcohol for morphological observations (Beltra et al.,
2012). The insects were then stored in the freezer at
-20 °C until used.

Morphological Identification of Mealybugs. Adult
females were used for morphological characterization.
The mealybugs were prepared for slides-mounting
following a protocol of Sartiami et al. (2008). The slides
were then examined under a stereo microscope (Meiji
Techno, USA). Taxonomic keys of Kaydan & Gullan
(2012), Sartiami et al. (2008), and Miller & Miller
(2002) was used as the references for identification of
Ferrisia, Planococcus, and Paracoccus, respectively.

Molecular Identification of Mealybugs. Mealybugs
previously kept in an absolute alcohol solution were
dried on a tissue paper before placing them into 1.5
mL of sterile microtube. Total DNA was isolated
from a single insect nymph or imago according to the
protocol of Banta et al. (2016). Mealybug in microtube
was grinded using a sterile pestle with the addition of
100 pL of CTAB buffer solution [1% w/v CTAB; 1
M NaCl; 100 mM Tris HCI (pH 8.0); 20 mM EDTA
(pH 8.0); 1% w/v polyvinyl pyrrolidone (PVP)]. The
solution was incubated at 65 °C for 45 min, then it was
allowed to cool to room temperature, extracted with
CI solution (chloroform: isoamyl alcohol 24 : 1; v/v),
mixed by vortexing for about 10 s. The solution was then
centrifuged at 12,000 rpm for 5 min at room temperature.
The supernatant was transferred to a new microtube,
precipitated by adding 1/10 the volume of sodium
acetate solution (3 M, pH 5.2) and an equal volume
of cold isopropanol, mixed by pipetting, followed by
incubation in the freezer at -20 °C for 30 min. DNA was
pelletized by centrifugation at 12,000 rpm for 15 minutes
at 4 °C, washed in 70% ethanol twice, and then dried at
room temperature. DNA was dissolved in 20-30 pL of
nuclease-free water, stored in the freezer -20 °C, until
used. The quality of total insect DNA was measured by
Implen NanoPhotometer (Germany).

A pair of primers, LCO-M-2d-F
(5’ATAACTATACCTATYATTATTGGAAG3’) and
LCO-M-2d-R (5’AATAAATGTGATATAAAATTGG3’)
were used to amplify 491 bp of LCO gene which is part
of the mitochondrial COI gene (Malausa et al., 2011).
PCR amplification was performed with the following
reagents: 10 pL of 2x MyTaq HS Red mix (Bioline,
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Germany), 0.4 uM each of LCO-M-2d-F and LCO-
M-2d-R primers, 1 pL of template DNA (50-600 ng/
uL), and nuclease-free water added for a total volume
of 20 uL. DNA amplification was carried out on a PCR
machine (Labcycler, SensoQues, Germany), with the
following cycles: initial denaturation at 95 °C for 5 min,
followed by 30 cycles consisting of denaturation at 95
°C for 1 min, annealing at 48 °C for 15 s, extension at
72 °C for 1 min, and terminated with a final extension
at 72 °C for 10 min (Malausa et al., 2011). As a negative
control, nuclease-free water was used to replace the
DNA template. DNA visualization was carried out on
1.5% agarose gel in a 0.5x TAE buffer, stained with
RedSafeTM (Intron Biotechnology, South Korea). The
gel was observed and documented using the GelDoc fire
reader V4 (Uvitec Cambridge, UK).

Detection of PYMoV from Mealybugs. DNA isolation
was carried out as described above. Amplification of
PYMoV from mealybug samples was initialy carried out
using AIB 104/105 primers (for ORF IIl of PYMoV), the
pair of primers commonly used for PYMoV detection
from plant samples (Miftakhurohmabh et al., 2020), but
no viral DNA fragments was successfully amplified.
Optimization of detection technique of PYMoV from
mealybugs was then proceeded using two primer
pairs, namely AIB 35/36 (for ORF I of PYMoV)
(Miftakhurohmah et al., 2016) and AIB 225/226 (Sasi &
Bhat, 2018). The result showed that AIB 225/226 primers
was more sensitive to detect PYMoV from mealybugs
than using AIB 35/36 primers (data not shown).
Therefore, DNA amplification was performed using
AIB 225 (5’"TTTGTCAAGCCAAGAGACCAC3’)
and AIB 226 (5 TTGAGTGATTTGGTCCTCCAC3’),
represented region of ORF II of PYMoV with a DNA
target obtained approximately at 350 bp.

PCR reagents for amplification were the same
as described previously. PCR amplification program
refers to Sasi & Bhat (2018), with modification at the
annealing temperature. Detail amplification program
was as follows: initial denaturation at 95 °C for 1 min,
followed by 35 cycles consisting of denaturation at 95
°C for 10 s, annealing at 57 °C for 30 s, extension at 72
°C for 1 min, finalized with an extension at 72 °C for 5
min. As a negative control, nucleus-free water was used
as a template; while plant sample positively infected by
PYMoV from previous detection was used as positive
controls.

Sequence Analysis. Selected amplicons from mealybugs
and plant samples were sent for direct sequencing to the
First Base Laboratory (Selangor, Malaysia). Preliminary
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analysis of sequence data was carried out using BLAST
program, followed by sequence editing and alignment
using Bioedit sequence alignment editor program. The
GeneDoc program was then used for visualization of the
final sequence alignment. Phylogeny tree construction
was carried out using Mega X program (Hall, 2013)
and neighbour joining method with 1000 bootstrapped
replications was used to estimate the evolutionary
distance among all sequences simultaneously.

RESULTS AND DISCUSSION

Morphological Characters of Mealybugs. Adult
female of Ferrisia has an elongated oval body shape,
with a pair of longitudinal stripes without powdery
wax (arrows) on the sub-medial of dorsum and a pair
of long wax filaments at the posterior end. The female
body is approximately 1.5 mm wide and 2—4 mm long
(Figure 1A). Another morphological feature was a
pair of eight segmented filiform antennae. F. virgata
antennas are less than 600 um long. Ferrisia has a pair
of cerarii found only in the anal lobe, and the cerarii
on specimen F. virgata has two conical setae. At the
abdominal margin, there’s a cluster of oral rim tubular
ducts with seclerotised area around the rim of each
duct, and uniquely to F virgata is a single discoidal
pore at the outer margin of the seclerotised area (Figure
IB-1E). Pore position in the oral rim tubular duct is a
morphological character of F. virgata according to the
taxonomic revision by Kaydan & Gullan (2012).

The body of the female Planococcus is oval, about
1-2 mm wide and 3—4 mm long, covered with slightly
dark thin mealy wax. There are thorn-like short lateral
filaments around the body, with the posterior pairs as
the longest (Figure 2A). Based on slide observations,
female P. minor imago has a pair of eight segmented
filiform antennae. The length ratio of the tibia + tarsus
to trochanter + femur of hind leg is about 1.2 um.
The margin of body from anterior to posterior has 18
pairs of cerarii with 2 conical setaes. A single-row of
multilocular disc pores was found on the posterior
margin of the abdominal at segment VI, and one on the
back of the coxa of the front leg. One tubular duct was
found at one side of the abdomen (Figure 2B-2F), and
not found between 2" and 3™ cerarii on the head. The
characteristics of these morphological observation are
similar to P. citri, hence a scoring system was used to
distinguish them, by comparing the ratio of the length
of hind tibia + tarsus to trochanter + femur, the number
of tubular ducts and the multilocular disc pores. P,
minor has a score of 0-35, P, citri has a score of 36120
(Sartiami et al., 2008). Based on the scoring system, the
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observed specimen has a score of 30.

Field samples of new mealybugs showed the
characteristic of Paracoccus that is the wax which
resembles a cotton wool and oozes drops of fluid. Adult
female of Paracoccus has an elongated oval body and
is slightly flattened, about 1-1.5 mm wide and 2—3 mm
long, covered with a white mealy wax which is shown
lighter among the segments on the dorsum. There was a
number of short waxy (approximately less than 1/4 the
length of the body) around the margin of its body (Figure
3A). The morphological character of P. marginatus
based on preparate observations were as follows: a pair
of filiform antennae with eight segments, 14 pairs of
cerarii. The oral rim tubular duct presence is on the edge
between the prothorax to segment I, while the oral collar
tubular duct is located at the edge of segment [I-VIII.
The translucent pores were only found on the hind coxa,
multilocular pores were spread over the lateral part of
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the abdomen, in segments VI-VIII (Figures 3B-3F).
The anal lobe cerarii has 2 conical setae and 2 auxiliary
setae. The presence of the oral rim only at the periphery
of the body and the absence of a translucent pore on
the hind tibia are characteristic of P. marginatus, which
distinguishes it from other Paracoccus species (Miller
& Miller, 2002).

F virgata is easily distinguished from P. minor
and P. marginatus based on its morphology, especially
the characters of adult female, i.e. the presence of a pair
of longitudinal stripes without wax filament on the sub-
medial of dorsum and a pair of long wax filaments at the
posterior end. In contrast, P. minor and P. marginatus
are difficult to distinguish, because their morphological
characters are almost identical in shape and size. The
macroscopical difference is the wax filament of P.
marginatus that is brighter than P. minor. Also, when
stored in an alcohol solution, the filament of P. minor

.
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Figure 1. Morphological characters of F. virgata. (A) Adult female (arrow showing a pair of longitudinal stripes
without wax filament); (B) Adult female body mounting in canada balsam; (C) The antenna is filiform;
(D) A pair of cerarii (circles) on the anal lobe with 2 conical setae (box); (E) Oral rim tubular duct with
seclerotised area, and a single pore at the margin outside the seclerotised area (arrow in the box).

Figure 2. Morphological characters of P. minor. (A) Adult female; (B) Adult female mounted in canada balsam,
the box shown the tarsus+tibia and trokanter+femur of the hind leg; (C) Filiform antenna; (D) cerarii
(arrow) with two conical setae (box); (E) Multilocular disc pore (box) on segmen VI of abdomen (arrow),
(F) Oral tubular duct (box) on the margin of abdomen (arrow).



148 J. Trop. Plant Pests Dis.

turns brownish red or black, while P. marginatus is a
greenish-yellow.

Molecular Identification of Mealybugs. Amplification
of total genomic DNA from individual mealybugs of P,
minor, F virgate, and P. marginatus using mitochondrial
cytochrome oxidize I (mtCOI) primers was successful
in obtaining a single amplicon of approximately 491
bp. No amplicon was found from negative control
samples (Figure 4). Similar primer has been used
previously to identify several Pseudococcidae species,
1.e. Pseudococcus comstocki, Heliococcus bohemicus,
Planococcus citri, P. minor, Planococcus ficus and
Pseudococcus longispinus (Malausa et al., 2011).

The sequences of F. virgata, P. minor and
P. marginatus had high homology with the related
species in GenBank, i.e. 99.7%, 99.5 to 99.7%, and
99.5% (data not shown), respectively. The nucleotide
sequence similarities between three mealybugs species
in this study were 90.6% (P. minor to F. virgata), 91.5%

500bp —
400 bp —>

100 bp —>
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(P. minor to P. marginatus), and 91.0% (F. virgata to
P. marginatus). In phylogeny tree, F. virgata from
Sukabumi, P. minor and P. marginatus from Bogor,
was in one cluster with the same species, but separated
from outgroup species, i.e. Ferrisia terani, P. citri, and
Paracoccus gillinae. All three species of mealybugs in
this study were closely related to mealybugs from China,
i.e. P minor (KY373182), F. virgata (MN901462), and
P. marginatus (MN901467), respectively, indicating
similar origins of insects (Figure 5). Sequences of P,
minor from Bogor, F. virgata from Sukabumi, and P,
marginatus from Bogor have been registered in GenBank
with accession numbers LC596434, LC596435, and
LC596436, respectively. Nucleotide homology analysis
and phylogeny tree confirmed the morphological
characters of the three mealybugs studied.

F. virgata and P. minor found in Bogor were
the same species of mealybugs found in black pepper
plants in Bangka, Lampung, and Sukabumi, that was
previously identified morphologically by Balfas et al.

Figure 3. Morphological characters of P. marginatus. (A) Adult female; (B) Adult female mounted in canada
balsam; (C) Filiform antennas with eight segments; (D) Tranlusent porus on hind coxa (arrow); (E)
Multilocular porus (box) on the lateral of abdomen (arrow); (F) Orim tubular duct (box) on the margin
of dorsum (arrow).

Figure 4. Visualization of amplified mealybug DNA using LCO-M-2d-F/R primers on 1.5% agarose gel. M. 100
bp ladder; Lane 1. Negative control; Lane 2 - 4. P. minor; Lane 5 - 7. F. virgata; Lane 8 - 10. P. mar-

ginatus.
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(2002) and Sartiami et al. (2008). P. marginatus found
in Bogor was confirmed as a new species of mealybug
infesting black pepper but this mealybug was not found
in Sukabumi in this study. Environmental factors such
as wind speed, rainfall, light intensity and temperature
may influence the abundance of mealybug. Wind
speed and rainfall has been known to be negatively
correlated with mealybug populations, whereas light
intensity and temperature tend to be positively correlated
with mealybug infestation in black pepper plants
(Miftakhurohmah et al., 2022). The plants in Bogor
were grown in a greenhouse in which wind speed is
relatively stable, no rainfall effect, light intensity and
temperature are relatively high, so this condition may
have a positive effect on P. marginatus infestations.
P. marginatus was known as papaya mealybug and
first discovered in Indonesia in 2008. The insect is a
polyphagous pest on various tropical and subtropical
fruit, vegetables and horticultural plants (Muniappan
et al., 2008). In Indonesia, this insect was reported as a
pest in papaya (Thalib et al., 2014), cassava (Husni et
al., 2012) and eggplant (Simarmata et al., 2021). This
study was the first report of P. marginatus infesting
black pepper. Further research to study the transmission
of PYMoV by P. marginatus might be interesting since
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there hasn’t been any report on P. marginatus as a vector
of plant viruses.

Molecular identification of mealybug species
using LCO-M-2d-F/R primers, provided an efficient
identification technique of black pepper mealybug species.
Molecular techniques allow identification using all
insect stages, both male and female insects, as found
in the field. In this study, identifying a new species
of mealybug in black pepper, i.e. P. marginatus was
done more quickly and accurately and the results
were in confirmation with the morphological-based
identification.

Detection of PYMoV from Single Mealybugs. An
expected 350-bp of amplicon was successfully amplified
using a pair of AIB 225/226 primers (Figure 6). This
primer pair was previously used for detection of PYMoV
from black pepper plants propagated by meristem
culture (Sasi & Bhat, 2018). Nucleotide sequences of
the ORF Il region of PYMoV from F. virgata, P. minor,
and P. marginatus had the highest homology, i.e. 88.80 —
89.70% with PYMoV isolates from China (MF996374).
The threshold of 80% for nucleotide homology is the
demarcation limit of species classification in the genus
Badnavirus (Chabannes et al., 2021). Thus the isolates
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Figure 5. Phylogeny tree of the LCO-COI gene of F. virgata from Sukabumi, P. minor and P. marginatus from
Bogor (in the box) with some accessions of P. minor, P. citri, F. virgata, F. terani, P. marginatus and P.

gilliane from GenBank.



150 J. Trop. Plant Pests Dis.

M 1 2 3 4

500 bp :)?!

400 bp —> s
300 bp —>we=

e —

100 bp =

Vol. 22, No. 2, 2022: 144—153

5.6 7 8 9 10 11

Figure 6. Visualization of amplified PYMoV DNA using AIB 225/226 primers on 1.5% agarose gel. M. 100 bp
ladder; Lane 1. Negative control; Lane 2. Positive control; Lane 3—5. PYMoV on Pl minor; Lane 6-8.
PYMoV on F. virgata; Lane 9-11. PYMoV on Pa. Marginatus.
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Figure 7. Nucleotida sequence alignment of ORF II region of PYMoV from plant, P. minor and F. virgata.

from three mealybugs were confirmed as PYMoV.
The homology of PYMoV isolates detected from the
mealybugs in this study with PYMoV isolates from
China indicated that there was a suitability between the
origin of the insect and the virus. The spread of vector
insects between regions may play important roles for
disease or virus spread.

Sequence alignment of the ORF II region of
PYMoV from plant samples, P. minor and F. virgata
samples collected from the same plants showed identical
sequences (Figure 7), indicating that they were the
same isolates. Likewise, the alignment of the PYMoV
sequences from two samples of P. marginatus collected
from the same plant showed identical sequences (data not
shown). This molecular evidence indicated the potential
role of . virgata and P. minor from the field as PYMoV
vector, supporting the transmission experiment in the
greenhouse carried out previously (Miftakhurohmah
et al., 2022). PYMoV sequences from F virgata, P.
minor, and P. marginatus had been deposited in Genbank
(accession numbers, i.e. LC596437, LC596438 and
LC596439, respectively).

Detection of virus from its insect vector had
been reported previously, including Banana streak
virus (BSV) from Paracoccus burnerae (Muturi et al.,
2016) and Cacao swollen shoot virus (CSSV) from three
species of Hemiptera (Obok et al., 2018). Our study
showed that the PCR method was able to detect PYMoV

ARG CTGEAGGACC AR

from mealybugs. This technique might be useful to study
epidemiology of the disease, for example to monitor
viruliferous insects in the field.

CONCLUSION

The mealybugs collected from black pepper
plantations in Sukabumi and Bogor were identified as
F virgata, P. minor and P. marginatus. All three species
of mealybugs were closely related to the mealybugs
from China. PYMoV was successfully detected from
F. virgata, P. minor and P. marginatus by PCR; this
was a molecular evidence that these mealybugs were
viruliferous insects. Sequence analysis of the mealybugs
and PYMoV from these insects indicated that virus
spread was caused among others by the movement of
insect vector between regions.
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