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Sex ratio distorting endosymbionts induce reproductive anomalies in their arthropod hosts. They have re-
cently been paid much attention as firstly texts of evolution of host-symbiont relationships and secondly 
potential biological control agents to control arthropod pests. Among such organisms, Wolbachia and Car-
dinium bacteria are well characterized. This study aims at probing such bacteria in the Osmia community 
to evaluate their potential utilization to control arthropod pests. Among 17 PCR tested species, Osmia corni-
frons and a parasitic fly are infected with Wolbachia and a mite species is infected with Cardinium. 
Phylogenetic tree analyses suggest that horizontal transfer of the bacteria occurred between phylogeneti-
cally distant hosts.
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Table 1. Reproductive anomalies induced by the two endosymbionts

Infection phenotype Wolbachia Cardinium

Cytoplasmic incompatibility √ √

Feminization √ √

Male killing √ √

Parthenogenesis √ √

Vertically transmitted endosymbiotic microorganisms that 
distort sex of their hosts for increasing their frequency are 
widespread in arthropods (Werren et al., 1995; Weeks et al., 
2003; Zchori-Fein and Perlman, 2004; Hilgenboecker et al., 
2008). Most notable are Wolbachia and Cardinium bacteria. 
The two bacteria have abilities to induce several distinct re-
productive anomalies in their hosts (Stouthamer et al., 1999; 
Zchori-Fein and Perlman, 2004; Jeong and Suh, 2008) (Table 
1). Researchers have envisioned application potential of such 
endosymbionts to control pest species as an environmentally 
sound tool so called paratransgenesis with recent advances 
in biotechnology and better understanding of evolutionary 
relationships between endosymbionts and their hosts (Beard 
et al., 1998). Currently, at least in the laboratory condition, 
theories and protocols are well established to control insect 
pests by using the Wolbachia bacterium inducing cytoplas-
mic incompatibility (CI) where an uninfected female mated 
with an infected male produces no offspring (O’Neill et al., 
1997; Zabalou et al., 2004).
  Species of genus Osmia are important pollinators of plants 
of family Rosaceae. Some species of Osmia have been em-
ployed as pollinators for almonds, apples, pears, berry crops 

(Vicens and Bosch, 2000; Park, 2008, pers. Comm.). The use 
of the genus takes place in Europe, USA, and Japan (Krunić 
et al., 2005). Mass rearing of the species takes place in two 
main facilities in Sangju and Yecheon, North Kyungsang 
province in Korea. However it is largely hampered by three 
main factors, first underdevelopment of rearing technique in 
protected environments, second pests such as competitors, 
predators, parasites in a broad sense, and lastly male biased 
sex ratio (Torchio and Tepedino, 1980; Bosch and Vicens, 
2005; Krunić et al., 2005)
  In this study the sex ratio distorting endosymbionts e.g. 
Wolbachia and Cardinium were probed in the Osmia commu-
nity. We report that Osmia cornifrons and a dipteran parasite 
are infected with Wolbachia and a parasitic mite species is 
infected with Cardinium. Partial 16S rRNA sequences of the 
bacteria suggest that the bacterial phylogenies are largely 
incongruent with their host’s phylogenies. The results here 
will be a foundation of potential utilization of such endo-
symbionts in controlling pests in the Osmia community.

Materials and Methods

Specimen collection and identification
All specimens were provided by two collection facilities 
(Center for Agricultural Technology) in Sangju and Yecheon, 
North Kyungsang province. These facilities installed bamboo 
nests in various locations near apple orchards and in forests 
from April to July in 2007. The bamboo nests were collected 
and preserved intact at the facilities until January 2008. The 
nests were open longitudinally and all pests such as nest com-
petitors, predators, parasites were separated from Osmia 
species. Once the specimens were identified by their typo-
logical characters at NIAST, they were preserved in 70% 
EtOH (Sigma, USA) at -20°C.
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Table 2. Primers used to determine infection

Primers Primer sequences (5’-3’) References

W-Spec f CAT ACC TAT TCG AAG GGA TAG Wolbachia FIBR (http://troi.cc.rochester.edu/~wolb/FIBR/)

W-Spec r AGC TTC GAG TGA AAC CAA TTC Wolbachia FIBR (http://troi.cc.rochester.edu/~wolb/FIBR/)

16S rRNA f (27) AGA GTT TGA TCM TGG CTC AG Weisburg et al. (1991)

16S rRNA r (1513) ACG GYT ACC TTG TTA CGA CTT Weisburg et al. (1991)

16S Wol f (176) TTG TAG CCT GCT ATG GTA TAA YT O’Neill et al. (1992)

16S Wol r (1012) GAA TAG GTA TRA TTT YCA TGT O’Neill et al. (1992)

Ch-f TAC TGT AAG AAT AAG CAC CGG C Zchori-Fein and Perlman (2004)

Ch-r GTG GAT CAC TTA ACG CTT TCG Zchori-Fein and Perlman (2004)

CLO-r1 GCCACTGTCTTCAAGCTCTACCAAC Gotoh et al. (2007)

Table 3. Infection status of species in the Osmia community

Species Family Order Collection Wolbachia Cardinium

Osmia satoi Megachilidae Hym. Sangju

Osmia cornifrons Megachilidae Hym. Sangju ○

Osmia pedicornis Megachilidae Hym. Yecheon

Osmia taurus Megachilidae Hym. Yechoen

Unidentified Vespidae Hym. Sangju

Unidentified Vespidae Hym. Sangju

Oriencistrocerus drewseni Eumenidae Hym. Sangju

Nomada sp. Eumenidae Hym. Sangju

Nomada sp. Eumenidae Hym. Sangju

Nomada sp. Eumenidae Hym. Sangju

Unidentified ? Hym. Sangju

Unidentified Apidae Hym. Sangju

Unidentified Apidae Hym. Sangju

Unidentified Tachinidae Dip. Sangju ○

Unidentified Dermastidae Col. Sangju

Unidentified Ptinidae Col. Sangju

Mite sp. ? Ast. Sangju ○

Infection frequency (%) 11.7 5.9

Hym., Hymenoptera; Dip., Diptera; Col., Coleoptera; Ast., Astigmata

DNA extraction
Genomic DNA was extracted from each individual specimen 
using a commercial kit by following the manufacturer’s in-
struction (QIAamp DNA mini kit, QIAGEN, Germany). 
When a specimen was longer than 5 mm, abdomen of the 
specimen was cut with a razor and was used to extract 
DNA. Other than that, DNA was extracted from the whole 
body. The genomic DNA was kept at -20°C until further 
analyses.

PCR screening and sequencing
Screening
All primers used for the experiments are listed in the Table 
2. The W-Spec primer set was used only to determine the 
Wolbachia infection status of specimens (Wolbachia FIBR). 
Temperature profile for W-Spec diagnostic PCR is a 2 min 
pre-dwell at 94°C followed by 38 cycles of 30 sec at 94°C, 
45 sec at 55°C, 1:30 min at 72°C and a post-dwell period of 
10 min at 72°C. For Cardinium the Ch primer set was used 
to determine infection of the bacterium (Zchori-Fein and 
Perlman, 2004). Temperature profile for the PCR is a 2 min 
pre-dwell at 95°C followed by 31 cycles of 30 sec at 95°C, 

30 sec at 57°C, 30 sec at 72°C and a post-dwell period of 
5 min at 72°C. When a species was positive to either one 
of the bacteria, two more individuals of the species were 
PCR tested to confirm its infection status.

Sequencing
For Wolbachia nested PCR was performed following Weeks 
et al. (2003). The initial PCR was performed by using the 
16S rDNA primer set (27f and 1513r) (Weisburg et al., 
1991). Temperature profile for the PCR is a 4 min pre-dwell 
at 94°C followed by 35 cycles of 1 min at 94°C, 1 min at 
52°C, 1 min at 72°C and a post-dwell period of 5 min at 72°C. 
Then the Wolbachia specific PCR was followed by using the 
Wolbachia specific 16S rDNA primer set (176f and 1012r) 
taken from O’Neill et al. (1992). Two microliter of initial 
PCR product was used as template DNA in the Wolbachia 
specific PCR. Temperature profile for the PCR is a 4 min 
pre-dwell at 94°C followed by 35 cycles of 1 min at 94°C, 
1 min at 50°C, 1 min at 72°C and a post-dwell period of 5 
min at 72°C.
  For Cardinium the Chf and CLO-r1 primer combination 
was used to obtain 16S rDNA sequences (Duron et al., 2008). 
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Fig. 1. Neighbor-joining tree based on partial 16S rRNA sequences of Wolbachia bacterium from various hosts. GenBank accession no. and 
host names appear from which each Wolbachia strain is isolated. † indicates that the sequences are from this study. Bootstrap support is 
indicated on each branch (≥60% only). The closely related Anaplasma marginale was used as the outgroup.

Temperature profile for the PCR is a 4 min pre-dwell at 
94°C followed by 35 cycles of 30 sec at 94°C, 30 sec at 
54°C, 1 min at 72°C, and a post-dwell period of 5 min at 
72°C. In all PCRs the total volume was 25 µl containing 
1× PCR buffer (TaKaRa, Japan), 0.5 U of EX Taq poly-
merase (TaKaRa), 0.05 mM of each dNTP (TaKaRa), 0.2 µM 
of each primer (Bioneer, Korea). All PCR reactions were 
performed on a thermocycler (Biometra, Germany).

Phylogenetic analysis
The 16S rRNA sequences of the bacteria were retrieved 
from GenBank and aligned manually using Bioedit version 
7.0. The neighbor-joining phylogenies without gaps were 
constructed using MEGA version 4.0.2 with 500 replicates 
of bootstrap to compute standard error of distance esti-
mates (Tamura et al., 2007). The Jukes-Cantor model was 
used to calculate the nucleotide substitution distances (Jukes 
and Cantor, 1969).

Results

Species composition in the Osmia community
The community consists of 17 species of 4 orders. There 
are 13 hymenopteran species including nest competitors 

and an unidentified parasitoid. Others include a parasitic 
dipteran insect, two predatory coleopteran insects and a 
parasitic mite. The four Osmia species have an important 
role in apple pollination. On the other hand other hyme-
nopteran insects compete for nests except the unidentified 
parasitoid (Table 3). Vespid and eumenid species are also 
predators of other insects. However they are not categori-
zed as predators in this study, because they do not hunt 
Osmia species but compete for nest sites. According to a 
survey there are 20 species in 8 orders associated in the 
Osmia community in Japan (Maeta, 1978). It is expected 
that more species have yet to be found in the Korean 
Osmia community.

Incidence of sex ratio distorting microorganisms
The results show that O. cornifrons and the parasitic fly 
species are infected with Wolbachia (GenBank accession no. 
EU930865 and EU930864, respectively). On the other hand 
Cardinium is detected only from the mite species (Genbank 
accession no. EU930867). There is no specimen that har-
bored both bacteria (Table 3). Incidence of the bacteria is 
lower than the results from the previous surveys (Werren 
and Windsor, 2000; Weeks et al., 2003; Zchori-Fein and 
Perlman, 2004; Duron et al., 2008).
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Fig. 2. Neighbor-joining tree based on partial 16S rRNA sequences of Cardinium bacterium from various hosts. GenBank accession no. 
and host names appear from which each Cardinium strain is isolated. † indicates that the sequence is from this study. Bootstrap support 
is indicated on each branch (≥60% only). The closely related Acanthamoeba was used as the outgroup.

Phylogenetic analyses
As seen in other phylogenetic analyses of the bacteria, there 
is no evidence of co-cladogenesis between hosts and the bac-
terial strains. This implies that even though there was no 
horizontal transfer of the bacteria within the community, 
horizontal transmission occurred between phylogenetically 
distant hosts (Fig. 1 and 2).

Discussion

Probing sex ratio distorting symbiotic microorganisms should 
be the very first step to understand coevolution of such or-
ganisms with arthropods that have had huge impacts on 
their hosts’ reproductive biology and immune system. They 
are widespread in arthropod hosts. It may be at global 
equilibrium around 25~40% of infection frequency at least 
in the case of Wolbachia, even though the meta analysis 
study by Hilgenboecker et al. (2007) suggests even higher 
infection frequency. In our survey infection frequency of 
Wolbachia is lower than expected. It does not imply that 
Wolbachia infection frequency should be low in Korea. It 

rather means that this is most likely caused by the limited 
sampling within the Osmia community. In most of other in-
fection surveys specimens were randomly sampled (Werren 
et al., 1995; Weeks et al., 2003; Zchori-Fein and Perlman, 
2004; Duron et al., 2008). More infection cases are expected 
with random sampling method in the future survey.
  Osmia species usually show male biased sex ratio (Torchio 
and Tepedino, 1980; Park, 2008, pers comm). Wolbachia in-
fection induces female biased sex ratio except CI, since the 
bacterium has evolved to increase the chance of being ver-
tically transmitted via cytoplasm (Stouthamer et al., 1999; 
Jeong and Suh, 2008). Therefore Wolbachia may not be in-
volved in producing more males in the species. Instead the 
male biased sex ratio may be due to balanced resource in-
vestments to both sexes by producing more male offspring 
under the assumption that the species are panmictic as pre-
dicted by Fisher (1930).
  There is little information on the parasitic fly and the 
mite species. In other dipteran species Wolbachia infection 
induces either CI or male killing (O’Neill et al., 1997). 
Therefore it is probable that Wolbachia may induce a similar 
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effect in the fly species. Strains of the Cardinium bacterium 
induce feminization and CI in mites (Weeks et al., 2001; 
Gotoh et al., 2007). In the mite Cardinium may induce CI 
rather than feminization, since both sexes are found in the 
mite. This speculation is supported by the fact that two 
mite species associated with Osmia species in Japan show 
1:1 sex ratio with complicated reproductive strategies (Qu 
et al., 2003). However we do not exclude asymptotic infec-
tion of the bacterium.
  This study is conducted to probe sex ratio distorting mi-
croorganisms as potential biological control agents in the 
Osmia community. Based on the results here, future study 
should determine what effects the infection of the bacteria 
has on their hosts’ reproduction. Furthermore we will be 
able to establish new strategies to control pests by utilizing 
such endosymbionts.
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