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ABSTRACT: A new record of Wolbachia has been reported and characterized for the first time in ticks associated with
the Asiatic elephant, Elephas maximas, in Prachuap Khiri Khan Province, Thailand. It was found in one pool of the
Rhipicephalus microplus larvae based on PCR amplification and DNA sequencing of the partial 16S rRNA gene. The
phylogenetic relationships among the Wolbachia identified in this study and other 21 Wolbachia from supergroups A–I
were inferred through comparison of partial sequences of the 16S rRNA gene. Interestingly, this Wolbachia strain was
closely related to those from supergroup A found in Ixodes ricinus ticks. Our findings warrant further investigation as
this Wolbachia has a potential use for the biological control of ticks in this region.
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INTRODUCTION

Ticks are important vectors of bacteria, viruses, and
protozoa which are zoonotic infectious agents in
humans and animals. Ticks are prevalent through-
out the world feeding on terrestrial vertebrates.
Most hard ticks go through four life stages and
require three blood meals from different types of
host species to complete all developmental stages1.
Hence they may acquire various pathogens and
spread among vertebrate host species. In addition
to pathogenic microorganisms, ticks are known to
harbour symbionts that may affect host tick biology
and reproduction. The endosymbiont Wolbachia is
an obligate intracellular bacterium that is commonly
found in arthropods and nematodes2. They are
transmitted vertically from mother to offspring and
manipulate the reproduction of their hosts, espe-
cially in some insects, including the induction of
cytoplasmic incompatibility, parthenogenesis, fem-
inization, and male killing1.

Four genera of hard ticks and one genus of soft
ticks have been found on the Asiatic elephant (Ele-
phas maximas) to date, i.e., Amblyomma, Haema-
physalis, Ixodes, Rhipicephalus, and Ornithodoros3–5.
Three of Rhipicephalus ticks were described in Thai-

land6. There are several vertebrate hosts that are
fed upon by Rhipicephalus ticks, such as heck cattle
(Bos domesticus), sambar deer (Cervus unicolor),
humans (Homo sapiens), black rats (Rattus rattus),
greater bandicoot rat (Bandicota indica), and bird
(Garrulax leucolophus)6. However, no Rhipicephalus
ticks have not been reported on Asiatic elephants in
Thailand.

Although Wolbachia is widespread in many
species of arthropods, little is known about Wol-
bachia in ticks. Only a few genera of ticks have been
reported to be infected with Wolbachia endosym-
bionts, including Ixodes7, Haemaphysalis8, and Am-
blyomma9. However, no Rhipicephalus ticks have
been reported on Asiatic elephants in Thailand. In
this report, we present a new record of Wolbachia in
Rhipicephalus microplus ticks collected from Asiatic
elephant bong using PCR amplification and DNA
sequencing. We also present a phylogenetic analysis
of partial 16S rRNA sequences from this Wolbachia.

MATERIALS AND METHODS

Tick collection

A total of 9 ticks were collected from elephant
bong (E. maximas) in Prachuap Khiri Khan Province,
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Thailand, in January 2014. These ticks were placed
in a glass bottle containing 70% ethanol. Two ticks
in the nymphal stage and 7 larvae were identified
as Rhipicephalus microplus based on their external
morphological characteristics10. No adult tick was
found in this study.

DNA extraction and detection of Wolbachia via
PCR amplification

Ticks were washed twice in 70% ethanol and once
in 10% sodium hypochlorite, then rinsed three times
in sterile distilled water. Genomic DNA (gDNA)
was extracted from each nymph tick and each pool
of larvae (three or four larvae per pool) using the
QIAamp DNA Extraction Kit for Tissue (QIAGEN) ac-
cording to the manufacturer’s protocol. The quality
of tick DNA samples was evaluated via PCR ampli-
fication of the tick mitochondrial 16S rRNA gene as
previously described by Black and Piesman11. PCR
assays targeting the 16S rRNA gene of Wolbachia
were performed with the primers EHR16SD 5′-GG
TACCYACAGAAGAAGTCC-3′ and EHR16SR 5′-TAG
CACTCATCGTTTACAGC-3′, which amplify a 345 bp
fragment12. The PCR amplicon from the positive
sample was purified using the High Pure PCR Prod-
uct Purification Kit (Roche) and sequenced in an ABI
automated sequencer (Applied Biosystems).

Phylogenetic analysis

To identify the supergroup of the Wolbachia se-
quence amplified from Rhipicephalus microplus, Wol-
bachia 16S rRNA reference sequences from differ-
ent supergroups were downloaded from GenBank.
Multiple alignment was performed with MegAlign
(DNAstar, Lasergene). Phylogenetic analysis was
conducted using PAUP 4.0b113. A maximum par-
simony tree was constructed via a heuristic search
using General Search Options. Confidence values
for individual branches of the resulting tree were
determined through bootstrap analysis with 1000
replicates.

RESULTS

The Wolbachia DNA was detectable in one pooled
Rhipicephalus microplus larval samples. The 16S
rRNA primers resulted in an amplification product
of 345 bp. The nucleotide sequence of the Wol-
bachia 16S rRNA fragment detected from the pool of
Rhipicephalus microplus larvae has been submitted
to GenBank under accession number KP231288.

The partial 16S rRNA sequences of Wolbachia
detected in this study were used to construct a Wol-
bachia phylogeny based on comparison with 21 Wol-

bachia reference sequences from 9 different super-
groups and one outgroup clade consisting of Haema-
physalis longicornis symbiont A and Arsenophonus
from Nasonia vitripennis (Fig. 1). Based on this
gene sequence, the Wolbachia from Rhipicephalus
microplus ticks was grouped within supergroup A
endosymbionts from Ixodes scapularis, Diprion pini,
Aphis hederae, and Muscidifurax unirapter (Fig. 1).

DISCUSSION

Rhipicephalus ticks have been reported as important
vectors of many pathogens, such as Rickettsia14,
Ehrlichia15, and Coxiella16. In this study, we pro-
vide the first report of Wolbachia in Rhipicephalus
microplus ticks (larval stage) associated with Asi-
atic elephant in Thailand. Although Wolbachia
infections have been reported in many species of
insects, there are only a few cases of its infection
in ticks, for example, I. scapularis7, Haemaphysalis
hystricis8 and Amblyomma americanum9. Neverthe-
less, we have been investigating the endosymbiont
Wolbachia pipientis in ticks occurring in Thailand,
all of them showed negative results17, 18. Hence our
findings in this study indicate the important role of
the Wolbachia host range in Thailand.

Different Wolbachia strains (also known as Wol-
bachia supergroups) have been classified from dis-
tinct genetic lineages of a single species of W. pi-
pientis using DNA sequencing data. Thus far, phy-
logenetic analyses based on the sequences of the
16S rRNA, ftsZ, groEL, coxA, and gltA genes have
divided W. pipientis into 16 supergroups19. Phy-
logenetic analysis based on the partial 16S rRNA
gene sequence of Wolbachia obtained from Rhipi-
cephalus microplus larvae in this study indicated
that it belongs to the supergroup A. The roles of
different Wolbachia supergroups in their arthropod
hosts are variable, ranging from mutualism to acting
as reproductive parasites. In the hymenopteran
M. unirapter, thelytoky parthenogenesis is induced
by Wolbachia, resulting in the production of diploid
offspring by virgin females, without fertilization20.
In mosquitoes, Wolbachia reduces arboviral trans-
mission to humans by inhibiting viral replication21.
Wolbachia have been reported in ticks with un-
known consequences. However, a mutualistic re-
lationship between Wolbachia and their host ticks
has been proposed22. The effect of the Wolbachia
detected in Rhipicephalus microplus host ticks in our
study is still unknown. Thus further investigation
of the interactions between Rhipicephalus microplus
ticks and the Wolbachia supergroup A, especially
in the adult life stage, would lead to better under-
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Fig. 1 Phylogenetic analysis based on the partial Wolbachia 16S rRNA sequence amplified from the elephant tick,
Rhipicephalus microplus (bold). The tree was constructed using PAUP 4.0b1 software via maximum-parsimony analysis.
The bootstrap values were replicated 1000 times, and only bootstrap percentages higher than 50% are shown.

standing of coevolution. In addition, examination of
Wolbachia infection status, localization, and trans-
mission mechanism of this bacterium as well as the
associated host reproductive phenotype should be
carried out in order to develop an efficient control
measure for tick-borne diseases in this region.
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