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Synopsis of the Presentation
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Wolbachia: an obligatory intracellular and maternally 
transmitted alpha-proteobacterium that interacts with 

host microtubules

[Bourtzis’ Lab]



Host Distribution of WolbachiaStrains

Arthropods

� Insects

� Mites

� Isopods

� Spiders

� Springtails

Nematodes

� Filarial worms

Not infected:

� many species of agricultural importance (Ceratitis capitata, Bactrocera oleae)

� many species of medical importance (Aedes aegypti, Anopheles gambiae)



Wolbachiaduring Drosophilaspermatogenesis

[Veneti et al. (2003), Genetics 164: 545-552; Clark et al. (2002), Mech. Devel. 111: 3-15; Clark et al. 
(2003), Mech. Devel. 120: 85-98]



D. simulans(wRi)

D. melanogaster(wMel)

D. simulans(wNo)

oskar-like 
mRNA pattern

bicoid-like 
mRNA pattern

[Veneti et al. (2004) Appl. Env. Microbiol. 70: 5366-5372]

Wolbachiaduring Drosophilaoogenesis



D. simulans(wRi)

D. simulans(wMa)

D. teissieri(wTei)

Embryo Pole cells

[Veneti et al. (2004) Appl. Env. Microbiol. 70: 5366-5372]

Wolbachiaduring Drosophilaembryogenesis



Wolbachiainduce a number of reproductive alterations, such as:

� Feminization

� Parthenogenesis

� Male-killing

� Cytoplasmic Incompatibility

• Spreading

• Curing - Antibiotics

Wolbachia-Induced Reproductive Abnormalities



Uni-Directional CI
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Bi-Directional CI
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The mechanism of cytoplasmic incompatibility

� Unknown molecular mechanism

� Modification – Rescue model

� Modification (imprinting) during spermatogenesis

� Rescue during fertilization/early embryogenesis

[Werren (1997) Annu. Rev. Entomol. 42: 587-609; Bourtzis et al. (1998), Nature 391: 852-853; 
Tram and Sullivan (2002), Science 296: 1124-1126]



� To dissect host-Wolbachiasymbiosis towards the elucidation of the 
mechanism of Cytoplasmic Incompatibility (CI)

� To use the mechanism of CI for applied purposes

Major Goals of Bourtzis’ Lab



� Completed Genomes: wMel and wBm
� Gap Closure: wRi, wVul, wPip 
� Partial Genomes: wUni, wOvo, wSim, wAna, wWil

� Wolbachia genomes (1.0 – 1.7 Mb), quite similar

� Large number of repetitive sequences

� Large number of ankyrin genes

� Ankyrins and phage genes: the fastest evolving genes! 

� Phages and/or ankyrins: factors involved in the induction of reproductive alterations;

WolbachiaComparative Genomics
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For example:

1. Asexuality

2. As an expression vector

3. As a spreading mechanism

4. As a tool for population suppression of insect pests

Wolbachiaand Applied Biology



Wolbachia-induced Cytoplasmic Incompatibility as a tool 
to suppress med fly populations



Wolbachiatransfer to the med fly Ceratitis capitata

� The entire work was done at the IMBB, Crete.

� Recipient: Benakeion strain

� Donor species was two populations of Rhagoletis cerasi:
one from Austria (wCer1 + wCer2) and one from Sicily (wCer1 + wCer3 + 
wCer4) [supplied by M. Riegler and C. Stauffer]

� Two stably transinfected lines were produced: 88.6 (wCer2) and S10.3 
(wCer4).

� 100 % infection rates (for almost 4 years now, 50 generations).

[Zabalou et al. (2004), PNAS, 101: 15042-15045 ]



WolbachiaDistribution in Transinfected Medfly

[Zabalou et al. (2004), PNAS, 101: 15042-15045 ]



CI assays with transinfectedCeratitis capitata

12.17 ± 0.603000Uninfected Benakeion x Uninfected Benakeion 

67.25 ± 0.873000WolMed S10.3 (wCer4) x WolMed S10.3 (wCer4) 

64.77 ± 0.87 3000WolMed 88.6 (wCer2) x WolMed 88.6 (wCer2) 

100 ± 03000WolMed 88.6 (wCer2) x WolMed S10.3 (wCer4) 

100 ± 03000WolMed S10.3 (wCer4) x WolMed 88.6 (wCer2) 

32.03 ± 0.853000WolMed S10.3 (wCer4) x Uninfected Benakeion 

16.73 ± 0.683000WolMed 88.6 (wCer2) x Uninfected Benakeion 

100 ± 03000Uninfected Benakeion x WolMed S10.3 (wCer4) 

100 ± 03000Uninfected Benakeion x WolMed 88.6 (wCer2) 

A)

Embryonic mortality 
(%)

Embryos scoredCross (females x males)

25.10 ± 0.912283*  WolMed 88.6 tet x WolMed 88.6 tet

11.80 ± 0.593000**  WolMed S10.3 tet x WolMed S10.3 tet

23.44 ± 0.971890
B)
*    WolMed S10.3 tet x WolMed S10.3 tet 

[Zabalou et al. (2004), PNAS, 101: 15042-15045 ]
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Number of adults

Number of eggs scored 2097

Suppression of medfly populations using Wolbachia-induced CI

[Zabalou et al. (2004), PNAS, 101: 15042-15045 ]
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Incompatible Insect Technique (I.I.T. ): 
a technology analogous to Sterile Insect Technique (S.I.T.)

� I.I.T. is based on the mechanism of Wolbachia-induced CI

� I.I.T. is a method of genetic pest control by means analogous to S.I.T.

� An effective sexing system is necessary, as is the case for S.I.T.

� I.I.T. is an environmentally friendly technology 

� Low technological imput is sufficient; Low cost technology

� Higher competitiveness of released males compared to other sterilitysystems

� It has been used successfully in the past in field trials (for example, for the 
eradication of Cx pipiensin India, a project funded by WHO). At that time, in 
60s, it was not known that CI is induced by Wolbachia



Next target species for I.I.T. applications are:

� the olive fly, Bactrocera oleae

� Anophelesmosquitoes

We welcome suggestions for collaborations 
to apply the I.I.T. to your favourite insect pest species! 
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