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Environmental and genetic factors can modulate aggressiveness,
but the biological mechanisms underlying their influence are
largely unknown. Social experience with conspecifics suppresses
aggressiveness in both vertebrate and invertebrate species, includ-
ing Drosophila. We searched for genes whose expression levels
correlate with the influence of social experience on aggressiveness
in Drosophila by performing microarray analysis of head tissue
from socially isolated (aggressive) vs. socially experienced (non-
aggressive) male flies. Among �200 differentially expressed genes,
only one was also present in a gene set previously identified by
profiling Drosophila strains subjected to genetic selection for
differences in aggressiveness [Dierick HA, Greenspan RJ (2006) Nat
Genet 38:1023–1031]. This gene, Cyp6a20, encodes a cytochrome
P450. Social experience increased Cyp6a20 expression and de-
creased aggressiveness in a reversible manner. In Cyp6a20 mu-
tants, aggressiveness was increased in group-housed but not
socially isolated flies. These data identify a common genetic target
for environmental and heritable influences on aggressiveness.
Cyp6a20 is expressed in a subset of nonneuronal support cells
associated with pheromone-sensing olfactory sensilla, suggesting
that social experience may influence aggressiveness by regulating
pheromone sensitivity.

aggression � cytochrome P450 � pheromone

Aggression is critical for the survival and reproduction of
many animal species (1–3). Although aggression is an innate

behavior subject to genetic influences, levels of aggressiveness
are subject to environmental modifications as well. An important
unanswered question is whether these influences act by inde-
pendent or shared biological mechanisms. Although genes un-
derlying heritable differences in aggressiveness are beginning to
be identified (4, 5), very little is known about the molecular
mechanisms underlying environmental influences on aggression.

Environmental influences on aggressiveness have been well
documented in a variety of animal models. Social status estab-
lished by previous agonistic experience influenced subsequent
aggression-related behavior in crayfish (6) and crickets (7).
Resident female Mediterranean fruit f lies (Ceratitis capitata)
located at a resource had a higher probability of defeating an
intruder, suggesting that experience on a resource may increase
aggressiveness (8). Male fruit f lies (Drosophila melanogaster and
Drosophila simulans) raised at high density failed to successfully
defend their territories against males raised at low density, an
effect potentially related to differences in body size (9).

Social experience with conspecifics is one environmental
influence on aggressiveness that is common to many species,
including humans (3). Socially isolated male mice are more
aggressive than group-housed males (10). Similar phenomena
have been reported in rats (11), cichlid fish (Haplochromis
burtoni) (12), and other vertebrate species. Effects of social
experience on aggressiveness have also been described in inver-
tebrates. Hoffman (13) reported that male D. melanogaster held
in isolation exhibited more aggressive behaviors and required

less time to establish their territories than males held in groups,
suggesting that social experience suppresses aggressiveness in
the fruit f lies. Analogous observations have also been reported
for female D. melanogaster (14).

Taken together, these data suggest that the effect of social
experience on aggressiveness is shared among many species.
However, the nature of the molecular mechanisms mediating
this effect and whether they are evolutionarily conserved are
poorly understood. Here, we have used fruit f lies, D. melano-
gaster, a genetically tractable organism in which aggression has
been well characterized (15–17) to investigate the molecular
basis of the influence of social experience on aggressiveness.

Results
Group Housing Suppresses Aggressiveness in a Reversible Manner.
Flies raised in isolation after eclosion are more aggressive than
those raised in groups (13). To quantify more easily this behavioral
difference, we modified a fight chamber (18) to permit multiplex
analysis of aggressiveness [supporting information (SI) Fig. S1]. A
pair of male flies of similar age and social experience (raised in
isolation shortly after eclosion or in groups of 10 male flies for 3
days before the test) was transferred into a fighting arena containing
a small food patch. Consistent with earlier reports (17), we observed
that lunging behavior, in which one fly rears up on its hind legs and
charges the other fly, was the predominant form of aggression (18).
Therefore, we counted lunges as a measure of aggressiveness during
a 20-min observation period. Three different parameters were
measured: (i) the fighting frequency, defined as the percentage of
fly pairs that exhibited at least one lunge (Fig. 1 Lower A and B);
(ii) the lunging intensity, defined as the average number of lunges,
calculated for all pairs that exhibited at least one lunge (Fig. 1 Lower
C); and (iii) the average latency to the first lunge (Fig. 1 Lower D).
Flies single-housed for 3 days exhibited a mean fighting frequency
of �50% (53.3 � 14.3%) during the 20-min observation period,
whereas group-housed flies did not exhibit any lunges (Fig. 1 Lower
A, P � 0.01). A similar difference was observed between flies
group- or single-housed for 6 days (but transferred to a new vial at
day 3) (Fig. 1 Lower B; G 3 G vs. S 3 S, P � 0.05). These data
confirm that, in flies, as in other animals including mice, social
experience suppresses aggressiveness.

The effect of social experience on aggressiveness was reversible.
When flies were single-housed for 3 days, followed by 3 days of
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