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Outline of the Presentation

• Introduction to MicroBioKosmos and SymBioKosmos

• Insect Symbionts

� different classes

� biological role

� applications

� future of Insect Symbiosis in Europe?



Supplement nutrition deficiencies
Help cope with environmental factors 
(biotic & abiotic)
Reproductive manipulations

What do symbiotic bacteria 
do in arthropods?

Nutritional Symbiosis

Nutritional Symbiosis I
Buchnera: nutritional symbiont (or organelle) in aphids

Portiera: in whitefly



Nutritional Symbiosis II
Wigglesworthia: nutritional 
symbiont in tsetse flies

Blochmannia: nutritional 
symbiont in ants

Nutritional Symbiosis III
Wolbachia: … and nutritional 
symbiont in bedbugs and …

… iron homeostasis 
and ……

Nutritional Symbiosis IV
Gut symbionts: more than just digestive bugs!

Symbionts help insect hosts to cope 
with environmental factors



Help cope with environmental factors I Help cope with environmental factors II

PN
AS
   
 PN

AS

Help cope with environmental factors III Symbionts and Host Selection Behavior
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Symbionts and Fitness Effects

Fecundity
Fertility
Longevity
Mating behavior
etc

Symbionts and Insecticide Resistance

Help cope with environmental factors VII
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Mainly vertically (maternal transmission) but 
also horizontally! 

Symbiont-induced Reproductive Manipulations



Reproductive manipulations

Feminization
Parthenogenesis
Male killing

Cytoplasmic Incompatibility

Wolbachia
Cardinium

Arsenophonus
Rickettsia
Spiroplasma

Wolbachia manipulates oogenesis thru apoptosis
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Introduction to Wolbachia biology

Wolbachia interacts with host microtubules

[Bourtzis’ Lab]



Host Distribution of Wolbachia Strains
Arthropods
� Insects
� Mites
� Isopods
� Scorpions
� Spiders
� Springtails

Nematodes
� Filarial worms (mainly)

Not infected:
� many species of agricultural importance (e.g. Bactrocera oleae)
� many species of medical importance (e.g. Anopheles gambiae)
� many species of environmental importance (e.g. Dendroctonus spp.)

D. simulans (wRi)

D. simulans (wMa)

D. teissieri (wTei)

Embryo Pole cells

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

Wolbachia during Drosophila embryogenesis

Wolbachia during Drosophila spermatogenesis

[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]

Wolbachia during Drosophila oogenesis



Wolbachia induce 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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Wolbachia Genomics



Wolbachia-based applications 

For example:
1. Asexuality

2. As an expression vector

3. As a tool for the modification of population age structure

4. As a spreading mechanism

5. As a tool for population suppression of insect pests

and

6. Wolbachia and Immunity

Wolbachia and Applied Biology

For example:
1. Asexuality

2. As an expression vector

3. As a tool for the modification of population age structure

4. As a spreading mechanism

5. As a tool for population suppression of insect pests

and

6. Wolbachia and Immunity

Wolbachia and Applied Biology
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Number of eggs scored 2097

Suppression of medfly populations using Wolbachia-
induced CI (Incompatible Insect Technique)

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

IIT like SIT
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100% CI (100% embryonic mortality)

Incompatible Insect Technique (I.I.T.) 
� Based on the mechanism of Wolbachia-induced CI

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

� Successful applications (Medfly, Olive fly, C. pipiens, Cadra cautella)

� Higher competitiveness of released males
� Low cost technology
� Low technological input

� Environmentally friendly technology 
� Effective sexing system is neccessary
� Analogous to S.I.T.



For example:
1. Asexuality

2. As an expression vector

3. As a tool for the modification of population age structure

4. As a spreading mechanism
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Wolbachia and Applied Biology



Horizontal Gene(Genome) Transfer(s)

Wolbachia (and other symbionts?) Jumps! 
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Conclusions

A Single Conclusion
• Do not ignore Symbionts! since they control Insects’….

�Biology

�Ecology

�Evolution



Symbiosis Work in Bourtzis’ Lab 

In the frame of:

• EU FP7 MicrobeGR project (http://microbegr.env.uoi.gr)

• EU COST FA0701 “Arthropod Symbiosis: from fundamental studies 
to pest and disease management” (http://www.cost-fa0701.com/ & 
http://w3.cost.esf.org/index.php?id=181&action_number=FA0701)

EU COST ACTION FA0701
“Arthropod Symbiosis: from fundamental 
studies to pest and disease management”

Prof. Kostas Bourtzis, Chair (Greece)
Dr. Einat Zchori-Fein, Vice Chair (Israel)
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