
MATING BEHAVIOUR

To mate or not to mate
Mechanisms of the neural circuits that guide mating decisions in male

flies are becoming clearer.
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T
he theory of natural selection is often

summarised with the phrase ‘the survival

of the fittest’. But simply surviving is not

enough; organisms must also reproduce, other-

wise there would be no evolution. In the animal

kingdom, for example, colourful feathers,

sophisticated songs and elaborate courtship rit-

uals are all employed to increase the chances of

a successful copulation. Naturalists have mar-

velled at these mating rituals for hundreds of

years and filled countless notebooks with

descriptions and drawings of them. However, a

more detailed understanding of mating behav-

iour has had to wait for arrival of new techniques

in genetics and neuroscience, and the rise to

fame of the vinegar fly, Drosophila mela-

nogaster, as a model organism.

Vinegar flies (or common fruit flies) perform

an elaborate courting ritual: first, a male orients

towards and follows a female; then he touches

her abdomen with his foreleg and, if she

responds, he extends one of his wings and per-

forms a song-like vibration with it. Finally he licks

the female’s genitalia and attempts to copulate

with her. Now, in eLife, Benjamin Kallman, Hee-

soo Kim and Kristin Scott of the University of

California at Berkeley identify further pathways

that guide mating decisions in male flies

(Kallman et al., 2015).

With the discovery of the transcription factor

Fruitless (which is expressed only in males, and

called FruM for short), we now know that around

1,500 neurons orchestrate courtship behaviour

in these flies (Manoli et al., 2005;

Stockinger et al., 2005). However, little is

known about how these neurons are connected

to achieve this behaviour. Previous studies have

shown that chemicals present on the cuticle can

affect courtship behaviour in flies

(Yamamoto and Koganezawa, 2013). The cutic-

ular pheromones produced by a female fly pro-

mote mating and allow the courting male to

identify her as a female of the same species; the

pheromones produced by males have the oppo-

site effect and inhibit courtship. Flies detect

these compounds via a pair of sensory neurons

housed in their leg bristles. The neurons that

respond to male pheromones are called M cells,

and those that respond to female pheromones

are called F cells (Figure 1; Pikielny, 2012;

Thistle et al., 2012).

Kallman et al. used genetic and behavioural

tools to show that activating the F and M cells

can modify male courtship behaviour. In a sec-

ond step, they were able to identify the connec-

tion between the F and M cells in the leg and a

cluster of neurons (called P1 neurons) that is

found only in the brain of male flies. Neurobiolo-

gists have become increasingly interested in P1

neurons over the last decade, and have shown

that activating them correlates with the start of

courtship behaviour (Clowney et al., 2015;

Kohatsu et al., 2011). However, until recently,

the roads that lead to P1 were hardly known.
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Kallman et al. then monitored activity in the

P1 cluster when they activated either F cells or

M cells in the forelegs of male flies. F cell activa-

tion was seen to excite the P1 cluster and

resulted in enhanced courtship, whereas M cell

activation did not excite the P1 cluster and may

even have suppressed it. However, given that F

cells terminate in the fly’s thorax, Kallman et al.

found that another class of neurons, called

PPN1, serves as the link between F cells and the

P1 cluster in the higher brain (Figure 1).

To uncover the targets of the M cells, Kallman

et al. looked at the neurons that express the

FruM transcription factor and observed how

their activity changed when M cells were stimu-

lated. They found that the M cells activated a

cluster of neurons called mAL (Figure 1); this

cluster had previously been shown to send out

inhibitory signals (Kimura et al., 2005). Inactivat-

ing the mAL neurons led to males courting each

other. But how does mAL normally inhibit male-

male courtship? In a final set of experiments,

Kallman et al. showed that mAL neurons form

connections with P1 neurons and inhibit their

activity. Thus, while activating F cells led to an

overall activation of P1, activating M cells

resulted in an overall inhibition of P1. This sug-

gests that the balance between excitation and

inhibition determines this male-specific

behaviour.

The work of Kallman, Kim and Scott repre-

sents a beautiful example of how sensory infor-

mation can be processed by a very restricted

number of neurons to generate highly complex

forms of behaviour. The future will tell whether

this is a general feature of sensory networks.
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