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Abstract Based on morphological identification, the species of mealybug on mangosteen fruit
in registered packing house in Bali was Dysmicoccus neobrevipes. Living insect characteristic
of female, D. neobrevipes imago were oval or rotund body; gray or grayish orange in color;
yellowish brown legs. The body was covered by white wax with 17 pairs of striking lateral wax
filaments. These morphological characters were clearly seen by mounting the female imago.
Molecular identification by using mtCOI gene that amplified at 649 bp had confirmed similar
result, namely D. neobrevipes. Based on the level of mtCOIl sequence homology, D.
neobrevipes that found in Bali shared a high similarity (99.8%) with D. neobrevipes from
Shenzen, Haikou and Guandong Province of China. Threfore, the D. neobrevipes is common
mealybug was found in Indonesia.
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Introduction

Mangosteen fruit (Garcinia mangostana Linn.) or commonly called as
“the queen of fuits” is one of tropical fruit species belonging to family
Guttiferae. This fruit tree is widely cultivated in Southeast Asian countries such
as Indonesia, Malaysia, Sri Lanka, Philippines, and Myanmar. Mangosteen fruit
is one of Indonesia's export commodities. The main importing countries of
Indonesia’s mangosteen fruit are China, Thailand, Vietnam, Hong Kong,
France, and UAE (Prihatman, 2000; Qosim, 2007). The government should
take this opportunity by improving the production and export value of
mangosteen, considering that the current productivity is still lower than
Malaysia, i.e., 30-70 kg per tree compared to 200-300 kg per tree, respectively.
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The low mangosteen productivity is caused by numerous factors, one of them is
plant pest attack. In addition to reducing the plant productivity, the damage of
pests also causes the reduction of mangosteen fruit quality (Balai Penelitian
Tanaman Buah Tropika, 2006).

Mealybug is one of dangerous insect that can reduce the quality of
mangosteen fruit. It is one of phytosanitary requirements for exporting
mangosteen fruits. Several types of mealybugs that can be carried away in
mangosteen fruit trading are Planococcus lilacinus (Cockerell), Planococcus
minor (Maskell), Dysmicoccus neobrevipes (Beardsley), Dysmicoccus lepelleyii
(Betrem), Exallomochlus hispidus (Morrison), Pseudococcus baliteus Lit,
Paracoccus interceptus Lit, and Pseudococcus aurantiacus Williams
(Agricultural Quarantine Agency, 2013).

The mealybug (Hemiptera: Pseudococcidae), is a large family of scale
insects (Coccoidea) including 259 genera and 1997 species (Garc® et al.,
2016). These mealybugs are morphologically very similar one to another and it
is very difficult to distinguish between male and female insect. The current
method of determining insect sex is based on observing morphological
characteristics under a microscope which takes a long time and is impractical
and difficult to conclude, especially in very closely related species (da Silva et
al., 2014). The difficulty in morphological identification of mealybugs can be
overcome by using a genetic approach, which is based on DNA sequencing to
increase the accuracy of identification results. Several genomes have been used
successfully to identify mealybugs and other insects, such as the use of internal
transcription spacer 2 (ITS2) in nuclear DNA; mitochondrial cytochrome
oxidase subunit I (mtCOl) genes, and leuA-16S located in major endosymbiont
DNA regions in most Pseudococcidae (da Silva et al., 2014).

This study was provided the data on the distribution and diversity of
mealybug species that attack the mangosteen fruit on the island of Bali and
produced a fast and accurate identification method. The morphological
identification of mealybugs combined with molecular techniques is urgently
required by the Indonesia’s Agricultural Quarantine Agency to meet the export
requirements of mangosteen fruit to several destination countrie. This research
was conducted to identify mealybugs on mangosteen using morphological and
molecular examinations.

Materials and methods
Time and place of research

The study applied purposive sampling method during the collection of
mealybugs in several mangosteen packaging houses that had been registered on
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the island of Bali. Identification was carried out at the Entomology Laboratory
and the Plant Quarantine Biomolecular Laboratory of the Agricultural
Quarantine Center Class I, Denpasar, from February 2021 to January 2022.

Research materials and tools

The materials used in this study included Essigs solution, chloroform,
object glass, Eppendorf tube, microtip, liquid nitrogen, Qiagen DNeasy®
(Qiagen, Hilden, Germany) blood and tissue kits, PCR mastermix, nuclease free
water, fruit fly COIl gene primer, DNA marker, Agarose powder, and TAE
buffer.  The tools used were steiner traps, stereo microscopes, digital
microscopes, petri dishes, tweezers, brushes, vials, scissors, cameras, mortars
and pestels, analytical scales, spatulas, magnetic stirers, vortex, thermomixers,
thermocyclers, centrifuge, micropipettes, and UV Transluminators.

Stages of research

Identification at the genus and species levels were carried out which
based on the morphology and structure of adult female insect. The structure of
the female was distinguished several species when they shared a lot of
similarity in terms of external morphology. The external morphological features
were observed by using a Nikon SMZ-1b microscope connected to the camera
with body shape and size, antennae, number of cerarii and anal ring. The
morphological identification of mealybug was followed the book issued by The
Natural History Museum entitled "Mealybug of Southern Asia Key to Genera
of Pseudococcidae"” (William, 2004, Bahder et al., 2015).

Mealybug identification could only be accurated after proper preparation
for slide mounting. Molecular identification began with the DNA extraction of
mealybug sample and then continued by the PCR method. DNA extraction
from mealybug sample was performed using Qiagen DNeasy® (Qiagen,
Hilden, Germany) blood and tissue kits. A mealybug is grinded with liquid
nitrogen using mortar and pestel, added with 180 pul ATL buffer and inserted
into a 1.5 ml eppendorf tube. The sample was added with 20 pl proteinase K,
mixed by using centrifuge, and then incubated overnight at 56°C until the
mealybug sample is completely lysis. The sample was then remix by using
centrifuge for about 15 seconds and added with 200 pl AL buffer prior to re-
centrifuge. The sample was then added with 200 ul ethanol (96 — 100%) and
then remix by using centrifuge. The mixture was transferred by using
micropipettes to the Dneasy Mini Spin column which has been installed on the
2 ml tube. The sample within the tube was then centrifuge at 8000 rpm for
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about 1 minute and then removed the liquid contained in the tube. The DNeasy
mini spin column was moved to a new 2 ml tube and then added with 500 pl
AW1 buffer and mixed using centrifuge at 8000 rpm for 1 minute, then
removed the liquid contained in the tube. The Dneasy mini spin column was
moved to a new 2 ml tube and then added with 500 ul AW2 buffer and mixed
with centrifuge at 14,000 rpm for 3 minutes to dry the DNeasy membrane, then
removed the liquid contained in the tube. The Dneasy mini spin column was
placed in the 1.5 ml or 2 ml tube and then added AE buffer into the Dneasy
membrane, incubated at room temperature for 1 minute and then mixed with
centrifuge at 8000 rpm for 1 minute. The extracted DNA was then amplified
with PCR using primer designed from the Mitocondrial Cytochrome C Oxidase
I (mtCOl): forward primer PcoF1 5'-
CCTTCAACTAATCATAAAAATATYAG-3" and reverse primer LepR1 5'-
TAAACTTCTGGATGTCCAAAAAATCA-3.

These primer reramplified at 649 bp (Park et al., 2011). PCR was
performed in a volume of 25 pl consisting of 17 pl 1x BSA, 2.5 pl 10x Buffer,
2 ul NTP's, 0.5 ul MgCl12, 1.25 ul FFCOI-F, 1.25 ul HCO, 0.2 pl NEB Taq
and 2 ul DNA template; on the thermal cycler that had been programmed to be
(i) predenaturation at 94<€ for 2 min, (ii) denaturation at 94 <€ for 15 seconds,
(iii) primary pasting (annealing) on 58 <€ for 30 seconds, (iv) lengthening
(extension) at 68 <€ for 30 seconds repeated by 40 cycles each, and (v) final
extension at 72 € for 2 minutes.

Results
Morphological characteristics of mealybugs on mangosteen Fruit

The results of morphological identification were summarized based on
identification key as showed in Table 1 which was observed by using a Nikon
SMZ-1b microscope as shown in Figure 1.

Molecular identification of Dysmicoccus neobrevipes

Molecular identification of Dysmicoccus neobrevipes in the present study
used a pair of Mitocondrial Cytochrome Oxidase 1 (mtCO1) PcoF1 and LepR1
primers. The PCR product obtained and electrophoresed showed the DNA band
that appeared. The DNA target was succesfuly amplified with a size of 649 bp.
The emergence of DNA bands shows that PCR has been successfully carried
out on the Dysmicoccus neobrevipes DNA (Figure 2).
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Table 1. Morphological based insect identification key for mealybug (William,

2004)

No.  Description

1. CIFCUIUSEXISE. ..ttt sttt 2

2. Cerarii number more than 7 pairs. In general, there are 11 - 17 pairs. Oral collar tubular

10

11

ducts if present on the dorsal, never form rows in part of the
SEOMENES. ...ttt 3

Most cerarii have additional setae ..............ccocooiiiiiiiii i 4

There are oral collar tubular ducts, usually at least on the venter; if it's not in the venter,

thenit'sonthe dorsum............ooooviiiiiiii i, 5

Without a large series of oral collar tubular around the lateral boundary in the dorsal part

Some cerarii on the abdomen, from the front to a pair of anal lobes, usually each contain

more than 2 conical Setae ..........cccooovviieiiiiiiiieieiiieeeeene 8

Most of the dorsal setae anterior part of the 7" segment of abdomen, is noticeably longer

than the conical setae cerarii ..................ooooiinnin. 9

Cerarii number 17 pairs. There are cerarii in the mesothorax. Ventral oral collar tubular
ducts are present at the marginal part of the head and chest. The anal ring has 6

The dorsal setae on the 8" segment of abdomen, from anterior to anal ring, is as short as

Other dorsal SELAC..........cocviiiiiee et 11

Translucent pores are present in the back coxa (Dysmicoccus neabrevipes)
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Figure 1. Specimen morphology of Dysmicoccus neobrevipes (a) compared
with Dysmicoccus neobrevipes (b) from http://www.idtools.org/id; The conical
cerarii (A) and auxiliary setae around cerarii (B) (c); Female imago antenna had
8 segments (d); Discodial pores around the eyes (arrow) (e);Translucent pores
in femur and tibia (f,g); Claw without denticle (h); Multilocular pores located in
the central part around the vulva (i); The perfectly developed circulus exists
between the 3™ and 4™ segments of the ventral abdomen split by the
intersegmental line (j); The dorsal seta in front of the anal ring is as short as
other dorsal seta and anal cerarii consisted of 2 conical setae and auxiliary setae

(k)
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Figure 2. DNA amplification results of Dysmicoccus neobrevipes on
mangosteen fruits through PCR method using the primary pair of FFCOI-F and
LepR1. The 1% to 5" sample were amplified with a size of 649 bp. M: 100 bp
marker (using ThermoScientific product)

The result of PCR was then sequenced to obtain a DNA base sequence
from D. neobrevipes found in Bali registered mangosteen packing house. The
obtained sequence data was then used for homology search at GenBank using
BLAST software. D. neobrevipes sequence data at GenBank which shared
similarity with present finding from Bali was collected. The alignment of
similar sequences of D. neobrevipes was performed using the ClustalWw
program (Table 2).

The results of the alignment of sequences showed that the nucleic acid
sequence of the mtCOI gene in the sample of present study from Bali Province
shared a high level of homology with D. neobrevipes shenzen 99.8%, D.
neobrevipes Hainan 99.6%, D. neobrevipes Haikou 99.8%, D. neobrevipes
Guandong 99.8%, D. neobrevipes Japanese 99.8% and D. neobrevipes South
Korean 99.8%. Based on the data the phylogenetic tree was constructed using
the MEGA version 10 (UPGMA algorithm with 1000 bootstrap replications
method) as shown in Figure 3.
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Table 2. The mtCO1 based sequence homology rate (%) of Dysmicoccus
neobrevipes and other mealybug species from other countries found in
GenBank. (MZ542531.1 Dysmicoccus neobrevipes shenzen, MT707293.1
Dysmicoccus neobrevipes Hainan, MN901463.1 Dysmicoccus neobrevipes
Haikou, KY373151.1 Dysmicoccus neobrevipes voucher Guangdong,
LC121499.1 Dysmicoccus neobrevipes Japan, HM474171.1 Dysmicoccus
neobrevipes South Korean, KF021987.1 Planococcus citri , MH204771.1
Brevipalpus californicus, KT250945.1 Thrips palmy Karny India)

Homologi

NO Sekuen 1 2 3 4 5 6 7 8 9 10

1|Dysmicoccus BALI ID

2|MZ2542531.1 99,8% ID

3|MT707293.1 99,6% | 99,8% D

4/MN901463.1 99,8% | 100,0% | 99,8% D

5|KY373151.1 99,8% | 100,0% | 99,8% | 100,0% ID

6|LC121499.1 99,8% | 100,0% | 99,8% | 100,0% | 100,0% 1D

7|HMA474171.1 99,8% | 100,0% | 99,8% | 100,0% | 100,0% | 100,0% 1D

8|KF021987.1 40,8% | 40,6% | 405% | 40,6% | 406% | 40,6% | 40,6% 1D

9|MH204771.1 362% | 362% | 361% | 362% | 362% | 362% | 362% | 257% ID
10(KT250945.1 283% | 281% | 281% | 281% | 281% | 281% | 281% | 229% | 34,1% ID

MMNA01463.1 Dysmicoccus necbrevipes Haikou
KY¥373151.1 Dysmicoccus neobrevipes voucher Guangdong

MT707293 1 Dysmicoccus neocbrevipes Hainan

100

MZ542531.1 Dysmicoccus neobrevipes Shenzhen

LC121499.1 Dysmicoccus neobrevipes Jepang

=]

HM474171.1 Dysmicoccus necbrevipes korea selatan

Dysmicoccus BALI _

MH204771.1 Brevipalpus californicus

KF021987.1 Planococcus citri

KT250945.1 Thrips Palmy Karny India

Figure 3. The phylogenetic tree of Dysmicoccus neobrevipes Bali (arraw)
compared to some Dysmicoccus neobrevipes derived from GenBank based on

the mtCOI gene
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Discussion

Based on the identification key, there was only 1 species of mealybug
found on mangosteen fruit in the registered packing house, which was
Dysmicoccus neobrevipes. The status of free from mealybug was based on the
phytosanitary certification guidelines of mangosteen fruit for China export
destination.

Living insect characteristics of female, D. neobrevipes imago are oval or
rotund body; gray or grayish orange in color; yellowish brown legs. The body
was covered by white wax with 17 pairs of striking lateral wax filaments
(William, 2004). These morphological characters were clearly seen by
mounting the female imago. After preparing for mounting, the specimen
characteristics of female, D. neobrevipes imago were oval body shape with 17
pairs of cerarii (Figure 1a). The body shape with 17 pairs of cerarii is common
key in genus Dysmicoccus like D. neobrevipes and D. brevipes (Palma-
Jiménez, 2017). Specific for D. neobrevipes can be distinguished by the
absence of longer dorsal setae on the segments V11 and VIII and the presence of
a big circulus. In D. brevipes the circulus is subquadrate (Ben-Dov, 2014).
Cerarii of D. neobrevipes consisted of more than 2-4 conical setae and each
cerarii had an auxiliary setae, and a pair of antennas each consisted of 8
segments (Figure 1d). D. neobrevipes had 2-3 discodial pores found around the
eyes. In addition, there was translucent pore which found in the femur and tibia
(Figure 1f,g). D. neobrevipes also had claw without denticle (Figure 1h).

In the abdomen, there was multilocular pore found only in the central part
of the vulva to the 6™ segment of abdomen. There was perfectly developed
circulus between the 3™ and 4™ segments of the ventral abdomen which was
splited by the intersegmental line (Figure 1j). The dorsal setae in front of the
anal ring was as short as the other dorsal setae and anal cerarii consisted of 2
conical setae and auxillary setae (Figure 1k) . The all morphological key was
followed the book issued by The Natural History Museum entitled "Mealybug
of Southern Asia Key to Genera of Pseudococcidae” (William, 2004). The
genus of Dysmicoccus (D. neobrevipes, D. brevipes and D. texensis.) with
similar morphological characteristics very closely related species (Beardsley,
1965), it is very difficult to recognise, therefore the molecular character is
needed. Molecular identification to confirm the D. neobrevipes used a pair of
mtCO1 (PcoF1 and LepR1) primers was conducted (Park et al., 2011). The
barcoding using mitochondrial COI gen is common use for insects, including
mealybug (Demontis et al., 2007; Cavalieri et al., 2008; Park et al., 2011; da
Silva et al., 2017; Hamid et al., 2017; Nopriawansyah et al., 2019; Sudiarta, et
al., 2019; Puig et al., 2021). The DNA target was succesfuly amplified using
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PCR with a size of 649 bp. The band size is compared with the result of Park et
al., (2011) related with DNA barcodes for two scale insect families, mealybugs.

Phylogenetic analysis of DNA fragment sequence data showed that D.
neobrevipes found in Bali Province were in a group with D. neobrevipes
derived from GenBank. It was also shown by the homology level of D.
neobrevipes Bali has a low value against Planococcus citri from GenBank with
accession number KF021987.1 (40.8%), Brevipalpus californicus from
GenBank with accession number MH204771.1 (36.2 %) and Thrips Palmy with
accession number KT250945.1 (28.3 %). D. neobrevipes from Bali Province
were in different groups with Planococcus citri, Brevipalpus californicus,
Thrips Palmy from GenBank. It is supported by Malausa et al. (2009) who
stated that D. neobrevipes tended to be separated in different groups from
Planococcus citri. It is suggested that they were different species, the members
of several Planococus tended to be in the same clade, and used Bayesian
analysis which based on the best selected mixture model (three matrices) in
creating their phylogenetic tree.

The results of the analysis showed that the genetic distance of D.
neobrevipes Bali shared a high similarity to D. neobrevipes Shenzen (accession
number MZ542531.1) for about 99.8%, D. neobrevipes Hainan (accession
number MT707293.1) for about 99.6%, D. neobrevipes Haikou (accession
number MN901463.1) for about 99.8 %, D. neobrevipes Guandong (accession
number KY373151.1) for about 99.8 %. Therefore, it could be concluded that
D. neobrevipes from Bali Province had related with D. neobrevipes from China
(Guandong, Hainan and Haikou) (Barantan, 2016). Palma-Jiménez, (2017)
reported the D. nobleites was found in GenBank data base from China but the
host plant not reported yet. In addition, the analysis showed that the genetic
distance of D. neobrevipes Bali shared a low similarity to Planococcus citri
(accession number KF021987.1) for about 40.8%. It was implied that D.
neobrevipes found in Bali Province had high genetic distance to P. citri from
GenBank. The pylogeny tree is one of the most probable and already used
methods for confirming insect species especially (Hebert, 2003, Downie, 2004,
Nopriawansyah et al., 2019).

Based on the morphological characteristics, the mealybug found in
registered mangosteen packing house in Bali Province was D. neobrevipes.
There was no difference in terms of morphological character on all D.
neobrevipes which collected from the packing house. Based on molecular
approach, D. neobrevipes from packing house in Bali had a high homologous
levels of DNA sequences of mtCOI genes to D. neobrevipes from Guandong,
Hainan and Haikou. Meanwhile, when compared to P. citri, D. neobrevipes
from Bali was quite different and then placed in the different clade. It showed
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that the species of D. neobrevipes from Bali Province could be molecularly
identified as D. neobrevipes based on the mtCOI gene.
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