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The giant fibre system of 
Drosophila as an example of 
command neurons 



Escape response in Drosophila 

http://www.youtube.com/watch?
v=Tuf1kZDWeaw&NR=1 



Escape response in wingless Drosophila 

http://www.youtube.com/watch?
v=WRK5kWKOHrc 





Adult female flies expressing ChR2 under the acj6-GAL4 driver. 
Photostimulation induces a startle-like jump response,  
dependent on supplementary Retinal  



Adult flies expressing ChR2 in cholinergic neurons under 
cha-GAL4. Photostimulation results in a seizure-like response, 
which is dependent on supplementary Retinal. 
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Konrad Lorenz 
Konrad Lorenz 



KF. Fischbach 

Not only humans are aggressive against members of the same species 
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  interspecific  
(aggression between species) 
o  eating and being eaten, predator and prey 

–  attack 
–  defence 

  intraspecific  
(conspecific aggression in social behavior) 
o  in gaming behavior 
o  sexual behavior 
o  territorial behavior 
o  competing behavior 
o  frustration behavior 
o  group aggression in social animals 

Context, in which aggressive behavior can be observed?  
What is the function of aggressive behavior? 
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aggressive behavior of Drosophila 
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What can Drosophila 

add to the study of aggressive behavior?


1.  The nervous system is well known 

2.  The genetic tool box available in Drosophila is outstanding 
a)  mutant analysis 

b)  Groups of cells can be genetically manipulated  
3.  Sexually dimorphic aggressive behavior could be studied on the 

background of knowledge about sexual differentiation mechanisms. 

4.  But: Does Drosophila show aggressive behavior? 
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No emotions? Fighting Drosophila 
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Prof. Kravitz 
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male fighting 
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transition matrix 
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Markov chain of first order of fighting in Drosophila 
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The biological advantage of winning  
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The winner likes to attack more 
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losing makes you cautious 
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number of fights decrease due to the 
establishment of a pecking order (hierarchy) 
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knowledge of pecking order prevents fighting 
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Losers and winners develop different strategies 
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fighting is sex specific 

The fly standing on the left is the beloved female 
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female fighting 
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transition probabilities between behavioral 
subroutines in females 
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Gender-differences in aggressive behavior 

Red: female-specific                             Blue: male-specific 



KF. Fischbach 

aggressive behavior and the  
fruitless gene 
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fruitless proteins (transcription factors) mating behavior 

WT  male normal 

genotypes 

+ 

WT  female normal 

+ 

and 
no effect on mating, 
but vital 

fruM  male normal 

male-like mating 
fruM-females 
mate wt females + 

fruM  

fruF  no male 
mating behavior 

+ 

fruF  female normal 

female-specific 
sequence 

FruM 

FruF 
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aggressive interactions  
in fru splicing mutants paired to maximally exclude 

courtship components 
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aggressive interactions in fru splicing mutants : 
How are „male“ and „female“ fighting components distributed? 

red female-like 

blue male-like 
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fruitless regulates aggression and dominance in flies 

here female-like fighting in fruF males 
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fruitless regulates aggression and dominance in flies 

 fruM-female aggressively chases fruF male: for her the male is  
a male rival. For him she is just a strong dominant other female) 
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male 

female 

Sexual dimorphism in the Drosophila brain 



KF. Fischbach 

Serotonergic neurons in the  Drosophila brain 

These neurons have been subjected to genetical and 
pharmacological manipulation 

Serotonine 
= 5-Hydroxytryptamine (5-HT) 
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5-HTP (5-hydroxytryptophan, a precursor of 5-HT) increases 
linearly aggression in selected lines 

αMTP = α-methyltryptophan = inhibitor of 5-HT metabolism 

Dierick & Greespan Nature Genetics 39, 678-682 
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Genetic elevation of the 5-HT machinery on fighting and 
its silencing on 5-HTP responsiveness  

Dierick & Greespan Nature Genetics 39, 678-682 

Ddc-Gal4 drives in serotonergic and dopaminergic neurons 
Th-Gal4 drives indopaminergic neurons only 
No specific serotonergic Gal4 available 
dTrh = tyrosin hydroxylase gene, rate limiting conversion of tryptophan to 5-HTP 
TNT = tetanus toxin light chain  
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Summary 

1.  invertebrates are well suited for studies on aggression 

2.  drosophila is the most important model systems used 

3.  aggressive behavior is modified by experience (loser- or 
winner mentality) 

4.  aggressive behavior differs between the sexes 

5.  male flies develop territorial behavior, female flies do not 

6.  the fruitless transcription factor, which is active in about 
2% of all neurons, switches sexual as well as sexually 
dimorphic fighting behaviour 

7.  Serotonin (5-HT) levels affect aggression 



Thank you 

for your attention 


