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Abstract: Endosymbiotic relationship between Wolbachia (Rickettsiales: Rickettsiaceace) and braconids
species is a new topic to be discussed among researchers due to its potential as biocontrol agents of fruit
flies species. In this study, Wolbachia Surface Protien (wsp) marker has been used to detect the existence of
Wolbachia molecularly that associated with braconids (Opiinae) collected from several localities throughout
Peninsular Malaysia. Our results revealed that five species of parasitoids viz. Fopius arisanus, E
vandensboschi, Psyttalia sp., P. fletcheri and P. incisi were symbiont positively with nine different strains of
Wolbachia. A total of nine strains have been successfully sequenced and classified into three Wolbachia
subgroups namely Mel, Ri, and Inc based on the results of clustering analysis. In this study, Inc Wolbachia
group has been known as a novel group emerged of Wolbachia. These data should be useful in future
Wolbachia-based biological control program that involving parasitoids and fruit flies.
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1. Introduction

The using of insecticides to control crop pests in food production sector continuously be a controversial
issue due to several health problems to the consumers [1]. Natural enemies consisting of parasitoids,
predators, nematodes, and entomopathogenic microbes [2] are the common biocontrol agents to be used in
replacing the insecticides [3]. For example, Cotesia flavipes, a braconid parasitoid species [4] has been
acknowledged as the potential biocontrol agent in controlling pests stem borer, Diatraea saccharalis [4].

Symbiotic relationship between bacteria and insect species has been the popular topic to be discussed
among the entomologists and bacteriologists, e.g Wolbachia. According to molecular phylogenetic analysis
based on the 16S rRNA gene, Wolbachia belongs to a-Proteobacteria, whose evolutionary are related to
intracellular bacterial species such as Rickettsia, Anaplasma and Ehrlichia [5]. It is highly associated with
most of insects species by infecting almost 70% of them and importantly in evolutionary processes of insect
species [6]. The relationships between Wolbachia and its host associated with the alteration of reproductive
systems such as the induction of cytoplasmic incompatibility (CI), form of embryonic lethality in crosses
between males and females infected with unalike Wolbachia strains or supergroups; induction of
parthenogenesis in certain parasitic wasps; feminization of infected genetic males into functional females in
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some isopod species; and male lethality [7]. Some insect species could not produce progeny without the
infection of Wolbachia, viz. bed bug Cimex lectularius [8].

The well-discussed topic of the Wolbachia infections in endoparasitoids is the effects of Wolbachia
towards the reproduction system of parasitoids (16). Wolbachia have been proven to infect several
economic importance parasitoids such as C. sesamiae (15), Asobara japonica (17, 18) and others. In genus
Asobara, Wolbachia is needed in oogenesis process, where females were dependent on Wolbachia to
produce their oocytes (17). The infections of Wolbachia in Asobara japonica would also induce
parthenogenesis, while other populations are not infected and reproduce sexually. Wolbachia-infected A.
japonica females commonly produce small numbers of male offspring (18).

In Malaysia, information of Wolbachia in economic importance parasitoids (Hymenoptera: Braconidae)
are very limited and not completely studied. Therefore, the isolation and characterization of Wolbachia
using PCR-based detection of Wolbachia Surface Protein (wsp) region in several opiines species have been
carried out. The information obtained are very useful and valuable as fundamental data towards in reducing
of fruit fly populations from several localities in Peninsular Malaysia.

2. Materials and Methods
2.1. Opiines Collection

Adult of braconid parasitoids emerged from the infested larval stages of fruit flies, that infesting two host
plant species, namely carambola (Averrhoa carambola) and luffa (Luffa acutangula) (Table 1). Samples of
rotten fruits along with tephritids larvae were brought to laboratory and placed in plastic containers. To
ensure the dryness of the container surface and to provide the optimum condition for metamorphosis
process from larvae into pupa stage, layers of saw dust have been added to the containers. These steps of
rearing process have been done in room temperature (249C to 259C) with relative humidity of 50% to 65%.
A number of individual adult braconids were collected from the rearing process. The collected specimens
were preserved in 90% ethanol before being used in laboratory work.

Table 1. List of Opiine Parasitoids Used in This Study and the Status of the Wolbachia Infection

Infection
status

Code Insect species Host plant species Locality

Kluang, Johor,

PKLO1 Fopius arisanus Averrhoa carambola MALAYSIA Infected (+)
PKLO02 Fopius arisanus Averrhoa carambola Kluang, Johor, Infected (+)
P MALAYSIA
PKLO3 Fopius vandensboschi Averrhoa carambola Kluang, johor, Infected (+)
P MALAYSIA
. . Serdang,
PSRO1 Fopius arisanus Averrhoa carambola MALAYSIA Infected (+)
. . Serdang,
PSR0O2 Fopius arisanus Averrhoa carambola MALAYSIA Infected (+)
. . Serdang,
PSR0O3 Fopius vandensboschi Averrhoa carambola MALAYSIA Infected (+)
. Serdang,
PSR04 Psyttalia sp. Averrhoa carambola MALAYSIA Infected (+)
S Lanchang, Pahang,
PLCO1 Psyttalia incisi Averrhoa carambola MALAYSIA Infected (+)
. . Setiu, Terengganu,
PSTO1 Psyttalia fletcheri Averrhoa carambola MALAYSIA Infected (+)
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2.2. Final Braconids Species Identification

Opiine braconids have been identified morphologically up to species level based on taxonomic key by
Fischer [9] and Wharton [10]-[12], while Chen & Wu [13] and Fischer [14] for Fopius and Psyttalia,
respectively.

2.3. Bacterial DNA Isolation and PCR Amplification

A DNA sample has been extracted [15] from each individual of braconids by using freezing method with
Qiagen kit (DNeasy® Blood & Tissue). The Wolbachia Surface Protein (wsp) Wolbachia has been used for
PCR amplification using general Wolbachia primers consists of: wsp 81F
(5'-TGGTCCAATAAGTGATGAAGAAAC-3’) and wsp 691R (5'-AAAAATTAAACGCTACTCCA-3’). These primers
amplify a DNA fragment ranging from 590 to 632 bp depending on the individual Wolbachia strain. PCR
amplification has been done in 25-pl reaction volumes: 6.5 pl dd H20, 12.5 pl MyTaq™ Red Mix, 1.0 pl
forward and reverse primers (20 pmol/ul), and 4.0 pl DNA template. Thermocycling conditions are as
follows: initial denaturation at 959C for 1 min, followed by 25-35 cycles with denaturation step at 959C for
15 s, annealing at 55°C for 15 s, extension at 729C for 10 s and a final extension at 729C for 10 min.
Wolbachia-infected on Fopius arisanus has been used as positive control, while substituting deionised
distilled water for template DNA as negative control. A total of 3 pl of each amplified PCR product has been
run for electrophoresis on 1.5% agarose gel to ensure the presence of amplified DNA. The PCR product has
been purified using QIAquick® PCR Purification Kit by following the manufacturer’s instructions. The
purified products have been sent to First Base Sdn. Bhd, Petaling Jaya, Selangor, Malaysia for sequencing

analysis.

2.4. C(Clustering Analysis

The sequences obtained were checked via BLAST (Basic Local Alignment Search Tool) to confirm no
contamination occurs to the samples. The clustering analysis has been implemented on nine wsp sequences
and several wsp sequences obtained from the GenBank (Braig et al. [16]) (Table 2). Wsp sequences dataset
has been aligned using ClustalW [17] for multiple alignments. PAUP 4.0 version b10 [18] has been used to
cluster the Wolbachia species using Maximum Parsimony (MP) and Neighbor-Joining (N]) analyses. The
clustering analyses were set to 1000 replications for both trees. Wuchereria bancrofti (DQ093846) and
Aprostocetus sp. (HQ121415) have been used as outgroups in this study.

Table 2. Reference wsp Strains Used in This Study Including Wolbachia Group Nomenclature, Host Species
and GenBank Accession Number [16]

Bank

Wolbachia . Associated Gen a.n
Host species . . Accession

group Wolbachia strain

number
Des Dacus destillatoria wDes AF295344
Aus Glossina austeni WAuUs AF020077
Haw Drosophila simulans (Hawaii) wHa AF020068
Pap Phlebotomus papatasi wPap AF020082
Uni Muscidifurax uniraptor wUni AF020071
Mors Glossina morsitans wMors AF020079

3. Results and Discussion

In this study, we have successfully isolated and characterized nine sequences of wsp (Wolbachia Suface
Protien) from five opiine species (Fopius arisanus, E vandensboschi, Psyttalia sp., P. fletcheri and P. incisi) that
collected from four localities (Johor, Selangor, Pahang, and Terengganu) in Peninsular Malaysia. The wsp
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gene has been chosen as the marker for Wolbachia detection due to high variability, which makes possible
for a precise result using on phylogenetic analyses [16], [19], [20]. The results showed that Wolbachia
presented in all opiine braconid samples in this study, which positively associated in several species from
several studies, namely Asobara tabida [20], Cotesia sesamiae [21] and Fopius arisanus [22]. Furthermore,
our results presented several additional new data on the association between Wolbachia and Opiines.

Clustering analysis by implementation of wsp sequences using Neighbor-Joining (N]J) and Maximum
Parsimony (MP) analyses have constructed congruent topologies in this study (Fig. 1-Fig. 2). A total of nine
wsp sequences have been clustered at three different clades (Fig. 1-Fig. 2). Four of the wsp sequences
(Fopius arisanus PKLO1, E arisanus PKLO1, F vandensbochi PKL03, and Psyttalia sp. PSR04) were clustered
under Mel subgroup; one wsp sequence (P. fletcheri PST01) was clustered under Ri subgroup; and the
remaining four wsp sequences (P. incisi PLCO1, E vandensboschi PSR03, F arisanus PSR01, and E arisanus
PSR02) were clustered together in a new emerging novel group, Wolbachia subgroup, Inc.

From this data, Wolbachia of F arisanus have been clustered into three different subgroups, namely Mel,
Ri, and Inc. Three different Wolbachia strains in F arisanus localized at three different subgroups (Fig. 1 and
Fig. 2) are divergent, suggesting that each strain was independently acquired [23]. Besides that, two strains
of E vandensboschi were infected and clustered into two different subgroups—~Mel and Inc. It indicated that
one species of host can harbor more than one Wolbachia strain which are congruent with a previous study
by Parvizi et al. [24]. One species of Paraphlebotomus sandflies from Iran were believed to be infected by
two Wolbachia strains, namely Turk 54 (wPap) and Turk 07 (novel strain) [24]. Another previous study
congruent with our result is the study of Wolbachia infection in tephritid fruit flies from Thailand [23]. It
have been proven that Bactrocera ascita sp. B was simultaneously infected by five independent Wolbachia
strains which clustered into five subgroups namely Mel, Des, Cuc, Con, and Asc groups.

Aprostocetus sp.

100 Dacus destillatoria
b 4:&51%41 austeni
100 Phiek papatasi
—{ Drosophila simulans (Hawai)

100 Muscidifurce

Wuchereria bancrafti

Glossina morsitans

66

100 | Drosophila simulans (Riverside)

100

Fopius arisanus NSW Australia Ri
53 Psyttalia fletcheri (PSTOL)
Fopius vandenshoschi (PKL03)
Fopius arisanus (PKL02)

Fopius arisanus (PKL01) Mel

98 [ Psyttalia sp. (PSR04)

Drosophila melanogaster (AUB)

100 Fopius arisanus (PSR02)
4”‘—|; Fopius arisanus (PSROL)
100 : denshoschi (PSR03 Inc
Fopius 13 )

Psyttalia incisi (FLCOL)

100

100

92

o002

Fig. 1. Neighbour-Joining tree based on wsp gene sequences using NJ analysis. Number above branches are
bootstrap values (1000 replications).

The clustering analysis showed significant differences between Wolbachia supergroups. The most

common Wolbachia endosymbionts found in arthropods are classified into supergroup A and B [19], [25],
[26], [27]. The outgroups in this study were Aprostocetus sp. which have been infected with Wolbachia
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supergroup B and Wuchereria bancrofti which belong to Wolbachia supergroup D. The clustering analysis
showed that Wolbachia supergroup A distinctively separated from outgroups that belong to supergroup B
and D. All wsp sequences of this study were groups together in supergroup A clade with bootstrap support
of 100% in both NJ tree and MP tree.
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Fig. 2. Maximum Parsimony tree based on wsp gene sequences using MP analysis. Numbers above branches
are bootstrap values (1000 replications).

Results obtained in this study are considered as preliminary data in measuring the infection status of
endosysmbiont Wolbachia in several opiine species. Consequently, our results would provide more effective
biological control programs in relation to alteration of reproductive system that involving parasitoids and
fruit flies. Different habitats and ecology [28] and speciation agent by generating reproductive isolation [29]
are two main factors that contribute to diversity of Wolbachia. More new strains would be discovered in the
future studies of Wolbachia infection in parasitoids.
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