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success in Drosophila

Shahnaz Rahman Lone, Archana Venkataraman, Manishi Srivastava,
Sheetal Potdar and Vijay Kumar Sharma

Chronobiology Laboratory, Evolutionary and Organismal Biology Unit, Jawaharlal Nehru Centre for Advanced
Scientific Research, PO Box 6436, Jakkur, Bangalore, Karnataka 560064, India

Drosophila performs elaborate well-defined rituals of courtship, which
involve several types of sensory inputs. Here, we report that Or47b-neurons
promote male-mating success. Males with Or47b-neurons silenced/ablated
exhibit reduced copulation frequency and increased copulation latency.
Copulation latency of Or47b-manipulated flies increased proportionately
with size of the assay arena, whereas in controls it remained unchanged.
While competing for mates, Or47b-ablated males are outperformed by
intact controls. These results suggest the role of Or47b-neurons in promoting
male-mating success.

1. Introduction

Innate behaviours ranging from highly conserved circadian rhythms to special-
ized ones such as waggle dance of honeybees and migration of monarch
butterflies have an endogenous basis. Such behavioural programmes are gov-
erned by dedicated neuronal circuits that respond to specialized sensory cues
[1]. Drosophila exhibits ritualized courtship, which comprises a series of easily
observable stereotypic events [2]. The genes and neurocircuitry involved in
the regulation of courtship behaviour have been extensively studied [2], and
it is known that it involves a cascade of events genetically programmed by
two zinc-finger transcription factors fruitless (fru) and doublesex (dsx) [3].
Male-specific fru™ is expressed in about 2000 neurons in the central and periph-
eral nervous system, and is deemed necessary and sufficient for the
development of almost all aspects of male courtship behaviour [4,5].

Males recognize females using a wide array of sensory modalities that are
visual, olfactory, gustatory, tactile, acoustic and mechanosensory in nature
[2,6]. Four olfactory receptors (Or47b, Or65a, Or67d and Or88a) that respond
to fly odours belong to the same family of olfactory receptors [7]. In addition,
there is another family of receptors that respond to chemosensory cues [8],
and it has been shown that one of its members, IR84a, is able to detect food
odours and is important for male courtship behaviour [9].

GABA-signalling in Or47b-neurons regulates pheromone receptivity in
males, improving their ability to detect females [10]. Two Fru-positive glomer-
ular targets of Or67d (DA1) and Or47b (VAlv) neurons show developmental
plasticity and are involved in courtship behaviour [11,12]. In a recent study,
Wang et al. [13] have shown that the courtship efficiency of two Or47b loss-
of-function mutants (Or47b* and Or47b°) is comparable to controls, suggesting
that Or47b receptors may not be involved in courtship behaviour. However,
Or47b null males show defects in courting hydrocarbon-free targets, which
are otherwise vigorously courted by wild-type males, suggesting the role of
Or47b receptors in detecting chemical compounds involved in sexual beha-
viours. Taken together, these results suggest that Or47b-neurons and VAlv
glomeruli to which they are connected are crucial for the regulation of sexual
behaviours in the fruit fly Drosophila melanogaster.

© 2015 The Author(s) Published by the Royal Society. Al rights reserved.
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2. Material and methods

(a) Fly strains

Fly strains used are Or47bGAL4 (NCBS, Bangalore), iso31 (iso-
genic strain), UASdti (dti = diphtheria toxin), UASAORKCI
(Todd Holmes, UC-Irvine), Or47b* and Or47b° (Bloomington).
Expression of diptheria toxin (DTI) and dORKC1 causes ablation
and electrical silencing of neurons [14]. Fly line is031 is the gen-
etic background strain in the DrosoDel project [15], and was used
to backcross (for at least five generations) fly strains in our
experiments. The driver and effector lines were confirmed [16].

(b) Copulation frequency assay

To estimate copulation frequency, freshly emerged virgin males
and females were dispensed into small glass vials (25 x 90 mm;
diameter x length), and 10 such vials per sex per assay were main-
tained for five days under 12 light:12 dark cycles, after which
lights were turned-off to create constant darkness (DD). All of our
assays were carried out under DD using far-red light (A > 650 nm)
to eliminate confounding effects of visual cues on courtship and
mating. After 9 h, 10 males and 10 females from a pair of vials were
introduced into a mating arena (1 = 10) comprising long glass vials
(25 x 195 mm). Similarly, in a separate set of experiments, single
male—female pairs (1 = 16) were aspirated into fresh glass tubes
(25 x 95 mm). Flies were monitored for the formation of mating
pairs, and the number of such pairs formed in 3/5-min bins over a
period of 15/30 min was used to estimate copulation frequency. All
our results were verified in two independent trials. To assess the
roles of males and females in successful mating, either males or
females with ablated Or47b-neurons were used along with intact con-
trols. Additionally, the copulation frequency of Or47b loss-of-function
mutants (Or47b%*'? and Or47b%/®) and heterozygous controls (Or47 b?/
* and Or47b>*) was assayed either in groups or in pairs. Data were
analysed by Kruskal-Wallis analysis of variance (ANOVA) followed
by post hoc multiple comparisons using Dunn—Sidak’s test.

(c) Copulation latency assay

To estimate copulation latency (time taken to initiate copulation),
9 h after the onset of DD, a single virgin male from either of the
two genotypes (Or47bGAL4/UASdti or Or47bGAL4/is031) was
aspirated into a fresh glass vial approximately 10 min prior to
the introduction of a virgin female (1 = 16 pairs for each geno-
type and each experimental condition). Copulation latency was
assayed in glass arenas of three sizes (5 x 65 mm = small
tubes, 7 x 80 mm = large tubes and 25 x 90 mm = vials).

(d) Mating competition assay

Virgin flies were collected and maintained in a manner similar to that
described above. One male each from the two genotypes
(Or47bGAL4/UASdt, Ord7bGAL4/+ and Ord7bGAL4/UASdt,
UASdti/+) was introduced into a fresh glass tube (7 x 80 mm)
approximately 10 min before a Canton S (CS) female was introduced.
Mating success was estimated as the proportion of males of either
genotype that were able to secure mating with CS females (n = 16
vials per replicate). Eye-colour (Or47b-ablated flies, dark-red com-
pared with faint-red controls) was used to identify genotype of the
successful male. Eye-colour of the successful male was observed
first under red light, and subsequently confirmed under normal light.

3. Results

(a) Ablation/silencing of Or47b-neurons affects

copulation frequency
We performed mating assays in groups of Or47b-ablated/
silenced flies. ANOVA followed by Dunn-Sidak’s multiple

comparisons revealed that the copulation frequency of Or47b- [ 2 |

ablated/silenced flies was significantly lower than that of
intact controls (ablated: 10 min: p < 0.05; 15 min: p < 0.05 for
Or47bGAL4, p < 0.0001 for UASdti/+; 20/30 min: p < 0.0001
for both controls, figure 1a,b; silenced: 10 min: p < 0.05,
15 min: p < 0.01, 20/25/30 min: p < 0.0001 for both controls,
figure 1c,d). As results on ablated and silenced flies were
similar, we chose Or47b-ablated flies for the next set of
experiments. Ablation of Or47b-neurons using UASdti was
confirmed by immunohistochemistry (electronic supplemen-
tary material, S1, n = 20, figure le,f). To avoid confounding
effects of a large group of individuals on courtship/mating
behaviours, we also carried out mating assays with male—
female pairs and found that Or47b-ablated males show
reduced courtship frequency compared with heterozygous
controls (electronic supplementary material, figure S1).

(b) Or47b-neurons in males are necessary for

maintaining normal copulation frequency

Copulation assay was done on: (i) Or47b-ablated (Ordti)
males or intact (Or47b/+) males with CS females, (ii) CS
males with ablated (Ordti) females or intact (Or47b/+)
females. In (i), copulation frequency of the group with
ablated males was significantly lower than the group with
intact males (10 min: p < 0.05, 15 min: p < 0.01, 20 min: p <
0.005, 25/30 min: p < 0.0005; figure 24,b). In (ii), we found
no difference in copulation frequencies between the two
groups (p > 0.05; figure 2c,d). These results suggest that
Or47b-neurons in males rather than females are necessary
for ensuring normal copulation frequency.

(c) Or47b-neurons enable males to efficiently secure

mating
Regardless of size of the arena, Or47b-ablated flies exhibited sig-
nificantly higher copulation latency compared with intact
controls (p < 0.05; figure 2¢). With increasing size of the arena,
which would be expected to lower odourant concentrations,
Or47b-ablated males took progressively longer to secure matings,
while copulation latency of controls remained unchanged.

We also assayed the ability of Or47b-ablated males to
secure matings with CS females by allowing them to compete
against intact controls. Ablated males secured only approxi-
mately 25% of the matings, significantly lower than both
the controls (approx. 75%; p < 0.0001; figure 2f), suggesting
that Or47b-ablated males are less competitive in securing
mates than controls.

(d) Flies with loss-of-function mutation in 0r47b

receptors do not show defects in mating behaviour
The copulation frequency of flies carrying loss-of-function muta-
tion in the Or47b receptors (Or47b* and Or47b° did not differ
from that of heterozygous controls (Or470%/+ and Or476%/+),
when assayed in groups or pairs (p > 0.05; electronic supple-
mentary material, figure S2). This suggests that Or47b receptors
may not be involved in the regulation of mating behaviour.

4. Discussion

Or47b-silenced /ablated flies display reduced copulation effi-
ciency, which suggests the role of Or47b-neurons in mating
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Figure 1. Ablation/silencing of Or47b-neurons affects copulation frequency. Copulation frequency profiles and copulation frequency at the end of 30 min of (a,b)
ablated, (c,d) silenced (inverted triangle) and control flies [UASdti/+, UASAORKC1/+ (open circles), Or47b/+ (solid circles)]. Copulation frequency (percentage of
flies copulating) is plotted along y-axis and time (min) is plotted along x-axis. Representative images for (e) Or47b, GFP, and (f) Or47b, GFP; dti brains along with
magnified images of the highlighted region. Immunostaining against GFP shows projections of Or47b-neurons in the antennal lobes, which are markedly reduced in
0r47b, GFP; dti. In controls, iso refers to iso37, used to backcross fly strains. Scale bars in the main figures (e,f) equal 50 pum and in the magnified images on the
right equal 20 pm. Error bars in (a—d) represent standard error of the mean (SEM). (Online version in colour.)

behaviour. Copulation latency of Or47b-ablated flies increases
proportionally with size of the assay arena whereas in controls
it remains unchanged, which suggests that Or47b-neurons help
males to track females in their vicinity efficiently. Or47b-ablated
males were less efficient in securing mating when made to com-
pete with intact controls, which further highlights the role of
Or47b-neurons in mating behaviour.

which is activated by both male
and female odours [7], and they therefore are believed to play a

Or47b-neurons express fru™,

crucial role in male courtship behaviour [6]. Of the three olfac-
tory neurons, Or67d projects to DA1, Or47b to VAlv and IR84a
to VL2a [6]. These three glomeruli are larger in males than
females, which could be the reason behind their greater role in
males than in females [6]. Furthermore, Or67d and Or47b
genes show higher expression in males than females, suggesting
their male-specific roles [17]. Previous studies suggest that these

two receptors are involved in promoting male reproductive
fitness-related behaviours including male—male aggression
and male-female courtship [12,13,18]. Furthermore, Or47b
along with Or88a receptors promote mating by responding to
both male and female odours [7,13]. Although the ligand recog-
nized by Or47b receptors is yet unknown, there is enough
evidence suggesting its role in male courtship.

Although ablation of Or47b-neurons reduces male-mating
success, males with loss-of-function mutation in Or47b receptors
(Or47b? and Or47b%) do not show such defects [13]. This discre-
pancy could be owing to basic differences in the way sensory
receptors and receptor neurons function and their impact on
intra- and inter-glomerular interactions. One possible reason
for this discrepancy could be that the function of Or47b-neurons
in courtship and mating may be mediated by receptors other
than olfactory receptors, such as IRs expressed in these neurons
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Figure 2. Or47b-neurons are necessary in males for normal copulation and male-mating success. Copulation frequency profiles and copulation frequency at the end
of 30 min, in assays where (a,b) Or47b-ablated or control males are allowed to mate with (S females, or (c,d) Or47b-ablated or control females (inverted triangle for
ablated and circles for intact) are allowed to mate with (S males. () Copulation latency of Or47b-ablated (dark bars) and intact control males (light bars) when
assayed in three differently sized arenas. The y-axis represents time (min) taken by flies to initiate copulation (copulation latency). (f) Mating success of Or47b-
ablated (dark bars) and intact control males (light bars) in competition to secure mating with (S females. Or and dti code for intact controls Or47b/+ and dti/+,
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whereas Ordti codes for Or47b-ablated flies (Or47bGAL4/UASdi). All other details same as in figure 1.
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[8]. Another possible reason could be the interactions between
glomeruli and the balance between lateral inhibition and lateral
excitation [19]. This is probably skewed in such a way that it
affects the ability of ablated/silenced males to sense females,
which remains unaltered in null males. For example, there
exist differences in the synaptic inhibition of GABA-signalling,
which is known to modulate olfactory responses [19]. Phero-
mone-sensing olfactory neurons have high levels of GABA
receptors, deemed important for tracking mates [10,20].
Expression of GABAgR2-RNAI in Or47b-neurons is found to
cause an increase in post-synaptic firing frequency, which
suggests pre-synaptic inhibition by GABAgR2 receptors. As
the above two mutations in the Or47b receptor do not interfere
with the development of neuronal projections, they have
negligible impact on the GABAgR2-signalling in VA1v glomer-
uli, causing no defect in male-mating efficiency. However,
silenced /ablated Or47b-neurons would probably result in the
release of pre-synaptic inhibition of GABAgR2, causing
increased post-synaptic firing and altered inter-glomerular

signalling. Interestingly, change in the size of VAlv glomeruli
also has a measurable effect on mating behaviour [11], indicat-
ing the role of pre-synaptic inhibition. Taken together, our
studies suggest that Or47b-neurons promote male-mating
success by enhancing mating efficiency.
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