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Venturia canescens is a haplodiploid solitary endoparasitoid wasp with two alternative modes of 
reproduction: thelytoky (parthenogenetic) and arrhenotoky (sexual). Although it has been shown 
that no Wolbachia bacteria are present in these wasps, it is still possible that thelytoky is caused by 
other endosymbionts. In this study we assessed the presence of microbial endosymbionts in the 
ovaries of Venturia canescens by specific PCR. The results lead to the conclusion that thelytoky in V. 
canescens is not caused by endosymbionts but has a genetic basis. 
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Microbial endosymbionts such as bacterium Wolbachia sp. are well known for manipulating 
reproduction of their arthropod hosts. They are transmitted from mother to offspring through the 
egg cytoplasm and can cause reproductive incompatibility, parthenogenesis, feminization and male 
killing (Werren 1997). Stouthamer et al. (1990) showed in Trichogramma spp. that virgin 
parthenogenetic females revert to the production of males after antibiotic treatment and heat shock 
due to the elimination of the bacteria. The cytogenetic mechanism of diploidy restoration induced 
by Wolbachia has now been described in Trichogramma (Stouthamer & Kazmer 1994), 
Muscidifurax uniraptor (Gottlieb et al. 2002) and Leptopilina clavipes (Pannebakker et al. 2004) 
as gamete duplication, which leads to complete homozygosity of the offspring. 

Venturia canescens (Gravenhorst) (Hymenoptera: Ichneumonidae) is a solitary endoparasitoid 
wasp of pyralid moths that has been widely used as biological model in behavioural, population 
dynamical, genetical and physiological studies (references in Beukeboom & Pijnacker 2000). As in 
all haplodiploid sexual species, females develop from fertilized eggs and males from unfertilized 
eggs (arrhenotoky). However, in thelytokously reproducing individuals, females meiotically 
produce haploid eggs that during early embryonic development undergo diploidy restoration 
(Speicher 1937, Beukeboom & Pijnacker 2000). The resulting diploid embryos will develop into 
females. As this wasp is our model animal for the study of the underlying genetics of sexual and 
asexual reproduction, it is essential to assess that thelytoky in Venturia canescens has a genetic 
basis. 

In an earlier study, Beukeboom & Pijnacker (2000) described a modification of central fusion 
automictic parthenogenesis as the mechanism for diploidy restoration in V. canescens. This 
mechanism enables heterozygosity to be maintained for loci close to the centromere, but loci distal 
from chiasmata will become homozygous over generations depending on the segregation pattern. 
In addition, they showed with Wolbachia specific molecular primers and cytogenetic methods that 
Wolbachia is absent in the reproductive tissue of V. canescens. However, recent studies (Lawson 
et al. 2001, Zchori-Fein et al. 2001, Hunter et al. 2003) have reported that prokaryotic 
endosymbionts other than Wolbachia can cause reproductive alterations in insects. Hence, many 
previously rejected cases of microbe-induced parthenogenesis need to be reconsidered. In this 
study we investigate the possibility that other prokaryotic endosymbionts cause thelytoky in V. 
canescens. 

MATERIAL AND METHODS 
Venturia canescens DNA was extracted from sympatric arrhenotokous and thelytokous strains 
from France (Antibes: A, and Mont Boron: MB; Schneider et al. 2001) and Spain (San Juan de 
Alicante: SJ). Several organisms were used as control for confirming our experimental procedures 
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for establishing presence and absence of Wolbachia and other prokaryotes. Nasonia vitripennis 
(Hymenoptera) DNA was extracted from the Wolbachia infected STDR laboratory strain and from 
the ASYM C laboratory strain from which Wolbachia was previously removed by antibiotic 
treatment. DNA was also extracted from the Wolbachia infected Ephestia kuehniella (Lepidoptera, 
Koppert Biological Systems) host of V. canescens. In addition, Escherichia coli (Gram negative, 
strain MC1061) and Lactococcus lactis (subsp. cremoris, Gram positive, strain MG 1363) DNA 
served as positive controls for the amplification of 16S ribosomal fragments. To exclude the 
possibility of inhibiting agents in the extracted DNA from V. canescens, a mixture of V. canescens 
and L. lactis DNA was included in the PCR analysis. 

Venturia canescens DNA was extracted from (1) whole adult wasps, (2) whole adult wasps 
that had been washed in digestion buffer (100 mM NaCl, 10 mM Tris:HCl pH 8.0, 25 mM EDTA) 
to eliminate possible exosymbionts that could interfere in the experiment, and (3) ovaries of 5 
wasps per location and reproductive mode. Wasps were dissected under sterile conditions in 
Phosphate Buffer Saline (PBS). The ovaries were collected and pooled in digestion buffer and 
DNA was extracted using a standard salt-chloroform protocol. Presence and quality of DNA was 
checked on a 1% agarose gel. 

The DNA samples were used in PCR reactions with specific primers to detect the presence of 
Wolbachia (wspF 5'-TGGTCCAATAAGTGATGAAGAAAC-3' and wspR 5'-AAAAATTAAAC 
GCTACTCCA-3' named 81F/691R primers in Zhou et al. [1998]) or with 16S ribosomal DNA 
specific primers to detect the presence of any prokaryotic endosymbiont (B8F 5'-AGAGTTTGAT 
CMTGGCTCAG-3' and U1406R is 5'-ACGGGCGGTGTGTRC-3' from Lane [1991]). 

PCR reactions were performed in 1X PCR buffer magnesium free (Promega), 2.5 mM MgCl2, 
0.2 mM dNTPs (Roche), 0.2 µM each primer, 0.4 unit of Taq polymerase (Promega) and 
approximately 5ng of template DNA. The PCR profile was 1 cycle of 3 min at 94C followed by 35 
cycles of 1 min at 94°C, 30 s at 55°C, 1 min at 72°C and a final cycle of 7 min at 72°C for wsp. 
For 16S amplification the PCR profile was 1 cycle of 3 min at 94°C followed by 35 cycles of 1 
min at 94°C, 30 s at 55°C, 4 min at 72°C and a final cycle of 7 min at 72°C. 

RESULTS 
In both washed and non-washed V. canescens samples we observed faint amplification products 
using the 16s DNA primers but not with Wolbachia specific primers (data not shown). This may 
be due to the presence of internal bacteria (e.g. gut or intestinal). To avoid possible interference 
with such prokaryotes from V. canescens, DNA was extracted from ovaries directly. 

Using Wolbachia specific primers, a 600bp product could only be amplified only in the 
positive controls N. vitripennis and E. kuehniella infected by Wolbachia (Fig. 1). This confirms the 
absence of Wolbachia in both the arrhenotokous and thelytokous strains of V. canescens in 
concordance with the results of Beukeboom & Pijnacker (2000). The differences in intensity of the 
amplified DNA from N. vitripennis and E. kuehniella most likely reflects a lower number of 
endosymbionts in the smaller N. vitripennis as compared to E. kuehniella. 

Amplification with 16S specific primers resulted in a fragment of the expected size (≈1400 bp) 
in all positive controls for prokaryotic DNA (L. lactis, infected N. vitripennis and E. kuehniella, V. 
canescens-L. lactis mixture and E. coli). Again, the band corresponding to N. vitripennis is faint 
and may be due to low concentration of bacteria. However, neither in antibiotic treated N. 
vitripennis nor in any V. canescens sample amplification was detected (Fig. 2). This means that 
amplification was successful only in samples containing prokaryotic DNA. Thus, neither the 
arrhenotokous nor thelytokous strain of V. canescens carries any detectable levels of prokaryotic 
endosymbionts. 

DISCUSSION 
With appropriated controls for the presence and absence of Wolbachia sp. and other prokaryotes 
we have shown the absence of endosymbionts in both arrhenotokous and thelytokous V. 
canescens. This rules out any endosymbiont infection as the cause for parthenogenesis in these 
wasps. Therefore, we conclude that thelytoky in V. canescens has a genetic basis. 
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All studied microbe-mediated cases of parthenogenesis thus far involve gamete duplication 
leading to complete homozygosity (Stouthamer et al. 1994, Gottlieb et al. 2002, Pannebakker et al. 
2004). The different cytological mechanism of diploidy restoration in V. canescens (Beukeboom & 
Pijnacker 2000), and the fact that thelytokous females can be heterozygous support our conclusion 
that thelytoky in V. canescens is genetically determined.  

 
 

 
Figure 1. Wolbachia specific amplification. L. lactis (1), N. vitripennis infected with Wolbachia (2), E. 
kuehniella infected with Wolbachia (3), L. lactis-V. canescens DNA mix (4), V. canescens arrhenotokous 
MB (5), V. canescens arrhenotokous A (6), 10000b Smartladder marker (M), V. canescens arrhenotokous SJ 
(7) V. canescens thelytokous A (8), V. canescens thelytokous MB (9), V. canescens thelytokous SJ (10), N. 
vitripennis cured of Wolbachia (11), blank (12), E. coli (13), blank (14), 10000b Smartladder marker (M). 

 
 

 
Figure 2. 16S amplification. L. lactis (1), N. vitripennis infected with Wolbachia (2), E. kuehniella infected 
with Wolbachia (3), L. lactis-V. canescens DNA mix (4), V. canescens arrhenotokous MB (5), V. canescens 
arrhenotokous A (6), 10000b Smartladder marker (M), V. canescens arrhenotokous SJ (7) V. canescens 
thelytokous A (8), V. canescens thelytokous MB (9), V. canescens thelytokous SJ (10), N. vitripennis cured 
of Wolbachia (11), blank (12), E. coli (13), blank (14), 10000b Smartladder marker (M). 

bp 1   2   3  4  5  6   M 7  8  9 10 11 12 13 14 M 1   2   3  4  5  6   M 7  8  9 10 11 12 13 14 M 
10000 

200 

1000 
1500 

3000 

bp 1   2   3  4  5  6   M  7 8 9 10 11 12 13 14 M 1   2   3  4  5  6   M  7 8 9 10 11 12 13 14 M 

10000 

200 

1000 
1500 

3000 



122 LIFE-HISTORY STUDIES AND BEHAVIOURAL ECOLOGY 

 

Nothing is known about the underlying genetics of parthenogenesis in animals. In the case of 
V. canescens we do not know whether a single or multiple genes are responsible for thelytoky. We 
also cannot exclude that thelytoky is encoded by mitochondrial genes and maternally inherited. 
Schneider et al (2003) suggested that parthenogenetic populations frequently originate from 
arrhenotokous populations. Knowledge about the genetics of parthenogenesis is essential for 
understanding the evolutionary dynamics of parthenogenetic reproduction in V. canescens. 

Theory predicts that in comparison with sexual populations, thelytokous populations will 
evolve slower and will have less genetic variation because of lack of recombination. The process 
of diploid restoration that occurs in V. canescens causes distal loci to become homozygous over 
time (Beukeboom & Pijnacker 2000). However it is known that parthenogenetic and sexual 
populations of V. canescens are not completely isolated in the field (Schneider et al. 2003): 
parthenogens and sexuals coexist and there is genetic exchange between both reproductive modes. 
Such a gene flow between the two reproductive modes makes the process of genome 
homozygosation in asexual individuals less severe. 

Incorporation and recombination of sexual genes could reduce the consequences of deleterious 
mutation accumulation. This will also affect the persistence of thelytokous V. canescens over 
evolutionary time. Why they do not outcompete sexual populations due to the two-fold 
reproductive advantage (Maynard Smith 1978) is still an open question in the evolutionary context. 
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