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Figure 2. Scanning electron micrographs of Phenacoccus solenopsis Tinsley, 1898. A. Antenna; B. Leg; C. Digitules; D.
Ostiole; E. Cerarius with trilocular pore and only two conical setae; F. Circulus multilocular pore; G. multilocular
disc pores; H. Tubular duct; I. Oral collar ducts.

It normally possessed a pair of claw digitules, knobbed at the apex (Fig. 4D); Tubular ducts with
trilocular pores were scattered on the body (Fig. 4F), ventral multilocular pores were lacking on the
lateral areas of the abdomen (Fig. 4E), while oral rim tubular ducts were confined to the dorsal and
ventral margins (Fig. 4F).

The markers used in this study had successfully generated PCR products of 630 bp (18S rRNA
gene), 320bp (28S rRNA), 385 bp (COI gene), and 473 bp (COI gene), respectively. Primer COI (1718)
did not provide a positive result for P. marginatus, while primer COI (2183) only showed a positive result
for P. marginatus. Sequence similarity searches in BLAST revealed a high percentage of sequence
homology between the UPM mealybugs and the published sequences of respective mealybug species
available in GenBank. Based on the COI, 18S and 28S genes, the Blast hit result (NCBI) revealed the
query sequence of UPM P. solenopsis (UPM-COI-MT073415, UPM-18S-MN967099, and UPM-28S-
MW035048) were 98-100% homology to the reference sequences of similar species reported in China
(COI-MK164397, 285-MK873095 & 18S-JF965407), USA (285-MH248360), Pakistan (185-AB439210),
Egypt (28S-MN887777 & COI-MG813769), India (28S-MH248352 & COI-MF770708). The query
sequence of UPM P. maginatus (UPM-COI-MT309692, UPM-18S-MN967101, and UPM-285-MW227324)
also has 98-100% homology to similar species reported in India (COI-MG833839), China (COI-
KJ187495), USA (COI-EU267201, 18S-EU188580).
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Figure 3. Scanning electron micrographs of Maconellicoccus hirsutus Green,1908. A. Vental view of adult female
with setae (S), trilocular pores (T), and multilocular disc pores (M); B. Ostiole; C. Antenna; D. Hind leg without
translucent pores; E. Multilocular disc pore (M); F. Trilocular pore (T); G. Tubular duct.

The UPM Maconellicoccus hirsutus (UPM-COI-MW857557, UPM-185-MN967100, and UPM-285-MW227324)
scored >/ 95% nucleotide sequence homology to the same species in GenBank from China (COI-K]J187533
and 285-KY211356), USA (COI-EU267200, COI-AF483207, and 185-AY426033), Thailand (285-AY427322),
and Egypt (285-JQ085529). Based on the nucleotide sequence analysis, the mealybug specimens were
confirmed as P. solenopsis Tinsley, M. hirsutus Green, and P. marginatus Williams and Granara de Willink.

The phylogenetic tree was constructed using maximum likelihood (ML) methods with the Tamura-
Nei model (Tamura & Nei 1993). The topologies obtained based on all the loci and individual loci were
mostly similar (Figs 5-7) but varied in resolution at internal nodes. The phylogenetic tree generated
from concatenated sequences of UPM P. solenopsis, M. hirsutus, and P. marginatus from UPM formed a
monophyletic clade within the same genus but distinct from other genera in the GenBank database.
The concatenated sequences of UPM P. solenopsis (UPM-185-MN967099, UPM-285-MW 035048 and
UPM-COI-MT073415) had bootstrap values of 98%, 98%, and 100%, respectively; UPM P. marginatus
(UPM-185-MN967101, UPM-285-MW227324, UPM-COI-MT309692) showed 100%, 89%, and 35-98%
bootstrap support, while UPM M. hirsutus (UPM-185-MN967100, UPM-285-MW227324, UPM-COI-
MW857557) had 97%, 99%, and 95% bootstrap support with closely related GenBank sequences.
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Figure 4. Scanning electron micrographs of Paracoccus marginatus Williams & Granara de Willink, 1992. A. Antenna;
B. Translucent pores on the hind coxa; C. Ostiole; D. Digitules; E. Multilocular disc pore; F. Tubular duct.
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Figure 5. Phylogenetic tree based on 18S ribosomal haplotypes of M. hirsutus, P. marginatus, and P. solenopsis using
the Maximum Likelihood method with 1000 bootstrap replicates.
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Figure 6. Phylogenetic tree based on COI (mtDNA) mitochondrial haplotypes of M. hirsutus, P. marginatus, and P.
solenopsis using the Maximum Likelihood method with 1000 bootstrap replicates.
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Figure 7. Phylogenetic tree based on 28S ribosomal haplotypes of M. hirsutus, P. marginatus, and P. solenopsis using
the Maximum Likelihood method with 1000 bootstrap replicates.

This study provides the first molecular data record of these mealybug species on Hibiscus rosa-sinensis in
UPM, Malaysia (Table 2).
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Table 2. Identification of mealybug species collected from H. rosa-sinensis in Malaysia.

Gene Mealybug Species Voucher accession number
Phenacoccus solenopsis Tinsley, 1898 MN967099
18S Paracoccus marginatus Williams and Granara de Willink, 1992 MN967101
Maconellicoccus hirsutus Green,1908 MN967100
Phenacoccus solenopsis Tinsley, 1898 MT073415
COI Paracoccus marginatus Williams and Granara de Willink, 1992 MT145912
Maconellicoccus hirsutus Green,1908 MT309692
Phenacoccus solenopsis Tinsley, 1898 MW 035048
28S Paracoccus marginatus Williams and Granara de Willink, 1992 MW 035050
Maconellicoccus hirsutus Green,1908 MW 227324
DISCUSSION

Three mealybug species, Phenacoccus solenopsis, Maconellicoccus hirsutus, and Paracoccus marginatus, were
found infesting Hibiscus rosa-sinensis at Universiti Putra Malaysia. Phenacoccus solenopsis exhibited
morphological features consistent with descriptions by Williams (2004), Hodgson et al. (2008), Abbas et
al. (2009), and Sirisena et al. (2015), featuring distinct blackish stripes along the mid-dorsal line, a
feature absent in M. hirsutus and P. marginatus. It closely resembles P. solani but differs by having 9-
segmented antennae, a large circulus, transparent femur pores, and multilocular disc pores on
abdominal segments VI-VIII, with segment VII having pores at both ends. In contrast, P. solani has 8- or
9-segmented antennae and disc pores on segments IV or V to VIII, with segment VII having pores only
at the posterior end. Hodgson et al. (2008) suggested they may be environmentally induced variants of
the same species.

Few researchers documented SEM observation on the detailed external structure (ostioles, vulva,
claw digitules, cerarii, different types of wax pore, body shape, number of antenna segments, multilocular
pore, trilocular pore, posterior legs, the existence of translucent pores, circulus, oral rim tubular ducts and
anal lobe bar) of very tiny insects such as scale insect (Zhang et al. 1988), Maconellicoccus hirsutus, P.
solenopsis (Kumar et al. 1997; Sirisena et al. 2015), Ferrisia virgata, Phenacoccus manihoti and Planococcus
citri (Cox & Pearce 1983), Paracoccus marginatus (Hazarika et al. 2024). The SEM observation on external
structures such as dermal pore patterns, ostioles, vulva, claw digitules, cerarii, different types of wax
pore, body shape, number of antenna segments, multilocular pore, trilocular pore, posterior legs, the
existence of translucent pores, circulus, oral rim tubular ducts and anal lobe bar of these insect in this
study are strongly supported by previous reports (Kumar et al. 1997; Sirisena et al. 2015, Hazarika et al.
2024) and support the current systematic position of Maconellicoccus hirsutus, P. solenopsis and
Paracoccus marginatus as well. Chatzidimitriou et al. (2016) reclassified P. solenopsis and P. solani as
separate species using DNA barcoding. Ahmed et al. (2015) analyzed the COI gene to characterize
Phenacoccus species collected from China, Pakistan, India, and the USA. Their findings grouped
Phenacoccus spp. into two clusters: the USA group and the Asia group. Phylogenetic analysis based on
COI, 18S, and 28S genes showed that UPM P. solenopsis is closely related to the same species from Asian
countries (China, Pakistan, India, Turkey, Iraq, and Egypt) with high bootstrap support.

Maconellicoccus hirsutus is a destructive polyphagous pest in Southern Asia (Williams 2004),
reported on H. rosa-sinensis in Kuala Lumpur in 1923, 1932, 1980, and 2016 (Sartiami et al. 2016;
Williams 2004). It feeds on over 200 plant genera across 73 families (EFSA Panel on Plant Health et al.
2022). UPM M. hirsutus matched descriptions by Williams & Granara de Willink (1992) and
OEPP/EPPO (2006). The wingless adult female has an orange-pink to reddish body, sparsely covered
with white mealy wax (Williams 1996). SEM analysis confirmed its resemblance to previous studies
(Williams & Granara de Willink 1992; OEPP/EPPO 2006; Sirisena et al. 2015). Due to its similarity to
other mealybug species, translucent traits are crucial for identification. Preserved in 80% alcohol, UPM
M. hirsutus remained brownish, while UPM P. marginatus turned black, aligning with previous findings
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by Williams and Granara de Willink (1992) and OEPP/EPPO (2006). BLASTn (NCBI) and ML
phylogenetic analysis confirmed UPM M. hirsutus formed a monophyletic clade with specimens from
the USA, Egypt, Vietnam, China, Thailand, and Nigeria, with 94% bootstrap support. Paracoccus
marginatus was first reported in 2009 on cassava, eggplant, jatropha, and hibiscus in Seri Kembangan,
Selangor, near the UPM campus (Mastoi et al. 2011). The morphological features of UPM P. marginatus
matched those described by Williams and Granara de Willink (1992), Miller and Miller (2002), and Wu
et al. (2014). Specimens turned black in 80% alcohol, consistent with Wu et al. (2014). The presence of
stout fleshy setae on the antennae and translucent pores on the coxa of the hind leg distinguished P.
marginatus from related species. DNA barcoding, BLASTn results, and phylogenetic analysis confirmed
its close relation to P. marginatus reported in the USA, Kenya, Guam, China, and India.

Identification of insect species based on 185 rDNA, 28S, and COI genes has been reported by many
researchers (Boyer et al. 2011; Liu et al. 2011; McDonnell et al. 2011). The COI region has sites that are
evolving at a very fast rate and tend to saturate more quickly, resulting in a small but significant
variation in DNA mitochondrial sequences between species (Kondo et al. 2008; Lin & Danforth 2004).
On the contrary, the nuclear genes are needed for discrimination between species when two groups of
organisms have diverged very recently, may share the same DNA barcode(s), but may not belong to the
same species (Hebert et al. 2003; Kaila & Stahls 2006; Langhoff et al. 2009; Zurovcova et al. 2010). From
the phylogeny trees presented in this study, all nodes in the phylogenetic trees were well supported
with strong bootstrap values, and similar results were obtained when comparing the phylogenetic
relationship of the 18S ribosomal gene, 28S ribosomal gene, and COI gene. UPM P. marginatus and UPM
M. hirsutus reflected close identity with that of the USA specimen for all genes tested, whereas P.
solenopsis was closely related to that of Asian specimens. The present findings are in agreement with
Kumar et al. (2001), who reported that gene flow between populations was independent of geographic
distance except for P. solenopsis. The invasive populations might come from the same geographic region
in Malaysia from a single introduced population. Molecular characterization using 18S, 28S (nuclear
genes) and COI (mitochondrial) genes, along with ultra-structural study of UPM voucher specimens
associated with Hibiscus rosa-sinensis, has successfully confirmed three mealybug species, Par.
marginatus, M. hirsutus and Ph. solenopsis. The DNA barcoding approach has further accomplished a
more accurate identification of the voucher specimens in this study. This DNA barcoding approach,
along with ultra-structural characterization, could be a new approach for more accurate identification of
mealybugs associated with Hibiscus rosa-sinensis in UPM that can help with decision-making in pest
management programs.
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