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Food

Mating partners

Habitats

Stable dominance hierarchies (among social animals)

What is the purpose of aggression?
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The history of Drosophila aggression study
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The behavior of five pairs was video-

captured for 20 min and analyzed 

manually, by counting the number of 

lunges in each arena. 





Two main paradigms of Drosophila aggression study 
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• Food

• Female

• Camera

• Computer

• Light

Analysis SystemRecording SystemBehavioral System

• Human
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• Fully-automatic software
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• Model establishment (male & female)

• Loser effect

• DA, OA, 5-HT neuromodulation of aggression

• Automated analysis of aggression

• cVA

• TK

• Persistent internal state

• Sexually dimorphic aggression circuit



Strategic Action Choices in 
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To fight or not to fight

Competitor 

Resource

Prior experienceLonely 

Lonely 

Lonely...



Whether the fly is a Competitor?

(Hoopfer, Curr Opin Neurobiol, 2016) 



Olfactory cues

Competitor 



cVA promotes aggression by activating Or67d-expressing OSNs

(Wang and Anderson, Nature, 2010) 



Gustatory cues

Competitor 



(z)-7-tricosene (7T) induced aggression required the gustatory receptor Gr32a

(Wang et al., Nat Neurosci, 2011) 



Visual cues

Competitor 

I see you!



aIPg and pC1d are two key groups of neurons involved in
female aggressive behaviors

(Schretter et al., Elife, 2020)



(Schretter et al., Elife, 2020)

Absence of visual information alters aggressive behaviors 
following aIPg activation



(Schretter et al., Elife, 2020)

A conceptual model for gating of visual information by aIPg neurons 

in females during aggression



Fight for resource

Competitor 

Resource



How food controls aggression in Drosophila

(Lim et al., PLoS One, 2014)



Flies measure the level of total nutrients to increase the level of aggression 
rather than the area of food

(Lim et al., PLoS One, 2014)



Flies use sweet-sensing Gr5a+ GRNs to detect the concentration of 

sucrose in the food and tune the level of aggression accordingly

(Lim et al., PLoS One, 2014)



Influence of prior experience 
on aggression

Competitor 

Resource

Prior experienceLonely 

Lonely 

Lonely...



Group flies are exposured to chronic cVA which reduced aggression through 
Or65a ORNs

(Liu et al., Nat Neurosci, 2011) 



Sexually monomorphic and dimorphic aggressive actions in males and females

(Chiu et al., Cell, 2020)



(Chiu et al., Cell, 2020)

Identification of sexually monomorphic and dimorphic 
aggression-promoting cell types



(Chiu et al., Cell, 2020)

MAP stimulation elicits dimorphic attacks in males



(Chiu et al., Cell, 2020)

Functional connectivity between monomorphic and dimorphic circuit modules



(Chiu et al., Cell, 2020)

Social isolation enhances aggressiveness by strengthening circuit 

functional connectivity



To fight or not to fight

Competitor 

Resource

Prior experienceLonely 

Lonely 

Lonely...



The winner and loser effect 
in Drosophila

Han Caihong



• Body size difference?

• Previous outcome of a fight?

• Influence of other behaviors?

To win or to lose?

What sets the odds of winning and losing?

Kayser, M. S., et al. Elife (2015). 

Asahina, K., et al. Cell (2014).



Winner effect and loser effect

winner effect:

the winners are more likely to win again.

loser effect: 

the losers more likely to lose again.

Such effects have been observed in many species, 

including fish, birds, and mammals.



Indicators of dominant and subordinate status

Yurkovic, A., et al. (2006).



Persistence of dominance relationship and individual recognition

Yurkovic, A., et al. (2006).

how long flies fight;



Prior experiences induces submissive or aggressive behavior and drives short-term 
effect formation in loser and winner 

Trannoy, S., et al. (2016). 

in loser flies in winner flies

Both winners and losers show short-term memory of the results of 

previous bouts.



Repeated defeats lead to long-lasting consequences and
the 24-h loser effect requires de novo protein synthesis.

Trannoy, S., et al. (2016). 
Only losers demonstrate a longer-term memory that requires protein synthesis. 



The winning is perceived as rewarding, while losing is perceived as aversive

Kim, Y. K., et al. (2018). 

The activities of the PPL1-γ1pedc dopaminergic neuron and the MBON-γ1pedc>α/β mushroom 

body output neuron are required for aversion to an olfactory cue associated with losing fights.

Generation of a persistent winner and loser effect.



How to reverse the loser effect?

Multiple neurotransmitters and neuropeptides, including octopamine, dopamine, 5-HT, 

dsk, neuropeptide F, and tachykinin (Tk), are involved in aggression in Drosophila.



The winners show increased calcium activity in Dsk- expressing neurons

Conditional overexpression of DSK promotes winner effect and winner show 

increased calcium activity of DSK Neurons.

Wu, F., et al. Elife (2020). 

TRIC（ transcriptional reporter of intracellular Ca2+ ）



Activation of 5-HT Neurons Promotes Losers to Re-engage in a Fight

Hu, S. W., et al. (2020). 

“fight-club”



Activation of 5-HT Neurons Promotes Fighting of Losers Against Winners

Hu, S. W., et al. (2020). 



Serotonin is necessary and sufficient for overcoming the loser effect

Hu, S. W., et al. (2020). 



5-HT1B receptors are responsible for restoring aggression in losers

Hu, S. W., et al. (2020). 



R2/R4m neurons in the Ellipsoid Body are responsible for overcoming the loser effect

Hu, S. W., et al. (2020). 

trans-Tango system



P1 neurons act upstream of 5-HT signaling

Hu, S. W., et al. (2020). 



Suppressive loser mentality is effectively removed by increasing serotonin signaling

Hu, S. W., et al. (2020). 



2020

Activating a small subset of serotonin 

neurons promotes losers to fight.

Serotonin is necessary and sufficient for 

modulating aggression in losers.

The neural circuit for motivating losers 

includes P1, 5-HT, and 5-HT1B neurons.

Elevating 5-HT signaling overcomes the 

depressive behavioral state in losers.

HIGHLIGHTS



No strong dominance
relationships were formed in fights between females

Behavioral patterns and transitions seen in fights between 

pairs of male and pairs of female D. melanogaster.

The Absence of Dominance Relationships in Female Fights.

fru plays a critical role in establishing dominance relationships of males.



Take home message

• Encounters between flies were frequent during the first 10 min of pairing and then dropped significantly.

• Both winners and losers show short-term memory of the results of previous bouts and only losers 

demonstrate a longer-term memory that requires protein synthesis. 

• The winning is perceived as rewarding, while losing is perceived as aversive.

• The activities of the dopaminergic neuron and mushroom body output neuron are required for aversion 

to an olfactory cue associated with losing fights.

• Serotonin is necessary and sufficient for modulating aggression in losers and the neural circuit for 

motivating losers includes P1, 5-HT, and 5-HT1B neurons.

• Female have no dominance relationships were formed in fighting.



question

• An increasing aggression is not identical to reversal of the loser effect, the neural 

mechanisms of  overcoming the loser effect is unclear.

• The underlying neural mechanisms of negative social experiences (sexual rejection and 

fighting loser) modulate multiple behaviors.

• Whether aggression in flies, like most complex behaviors in most organisms, comprises 

both innate and learned components.
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