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            Abstract
Courtship is an innate sexually dimorphic behaviour that can be observed in naive animals without previous learning or experience, suggesting that the neural circuits that mediate this behaviour are developmentally programmed1. In Drosophila, courtship involves a complex yet stereotyped array of dimorphic behaviours that are regulated by FruM, a male-specific isoform of the fruitless gene2,3,4,5. FruM is expressed in about 2,000 neurons in the fly brain, including three subpopulations of olfactory sensory neurons and projection neurons (PNs). One set of Fru+ olfactory neurons expresses the odorant receptor Or67d and responds to the male-specific pheromone cis-vaccenyl acetate (cVA)6,7,8,9,10. These neurons converge on the DA1 glomerulus in the antennal lobe. In males, activation of Or67d+ neurons by cVA inhibits courtship of other males, whereas in females their activation promotes receptivity to other males7. These observations pose the question of how a single pheromone acting through the same set of sensory neurons can elicit different behaviours in male and female flies. Anatomical or functional dimorphisms in this neural circuit might be responsible for the dimorphic behaviour. We therefore developed a neural tracing procedure that employs two-photon laser scanning microscopy to activate the photoactivatable green fluorescent protein11. Here we show, using this technique, that the projections from the DA1 glomerulus to the protocerebrum are sexually dimorphic. We observe a male-specific axonal arbor in the lateral horn whose elaboration requires the expression of the transcription factor FruM in DA1 projection neurons and other Fru+ cells. The observation that cVA activates a sexually dimorphic circuit in the protocerebrum suggests a mechanism by which a single pheromone can elicit different behaviours in males and in females.
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                        Tracing populations, subpopulations and single neurons in the 
                        Drosophila
                         olfactory system.
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Figure 2: 
                        Functional characterization of the DA1 glomerulus and Fru
                        +
                         DA1 PNs.
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Figure 3: 
                        Tracing and registration of DA1 glomerular projections reveals sexually dimorphic projections in the lateral horn.
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Figure 4: 
                        Fru
                        M
                         controls sexually dimorphic pheromone response circuitry.
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Figure 5: 
                        Quantitative analysis of ventral male-enhanced region.
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        Editorial Summary
Scent's different directions
Despite dramatic behavioural differences between the sexes, surprisingly few anatomic features have been observed that differentiate the male and female brain in any species. Work in the Drosophila fruit fly has now uncovered a striking difference in male and female responses to the insect pheromone cVA (cis-vaccenyl acetate). Males release the pheromone, which is detected by both sexes via apparently identical neural circuits in their antennae. The scent induces females to become receptive to males, but in rival males it inhibits courtship behaviour. The single neuron tracing technique developed to make this discovery should be applicable to study the nervous systems of other genetically tractable species, such as the mouse.
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