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Abstract. Using an original method, we have received Drosophila melanogaster with a deﬁciency including a complete sequence of
quick-to-court gene. In this report, we describe the behavioural features of this new deletion mutant. There were no serious deviations from
the normal mating behaviour in ﬂies with the deletion, but the behaviour of deletion mutants still had some features. Of all the elements,
only the frequency of licking signiﬁcantly increased in mutants. The duration of mating elements did not change in ﬂies with deletion, and
the latent period decreased only for following the female and licking. We have found that mutant males produce more courtship song than
control males when courting Oregon R females as estimated by the pulse song index. In our experiment, mutant females provoked much
less pulse song production by Oregon R males than control females do. Moreover, Oregon R males initiate courtship song towards mutant
females later than towards control females. In other words, the study of pulse song production showed that the deﬁciency in females leads to
a decrease in the intensity of courtship of wild-type males, whereas the deﬁciency in males leads to more intensive care for wild-type
females.
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Introduction
Speciﬁc mating behaviour is one of the species isolation
mechanisms preventing crosses between sibling species
(Andersson 1994; Laturney and Moehring 2012; Nanda and
Singh 2012; Singh 2016). Courtship rituals may differ substantially between closely related species of Drosophila
(Belkina et al. 2018) based on the generation and reception
of signals produced by both mating partners. Courtship
communication signals used by the mating partners are very
diverse and include tactile, acoustic and visual stimuli as
well as distant and contact pheromones (chemosensory
stimuli) (Rendel 1951; Jacobs 1960; Antony and Jallon
1982; Kyriacou and Hall 1982; Tompkins et al. 1982; Hall
1994; Stocker 1994; Greenspan 1995; Ritchie et al. 1999;

Ferveur 2005; Ejima and Grifﬁth 2008; Dickson 2008;
Krstic et al. 2009; Gleason et al. 2012; Billeter and Levine
2013; Ziegler et al. 2013; Clowney et al. 2015; Duménil
et al. 2016). The reproduction behaviour of Drosophila has
been extensively investigated and mostly focussed on the
courtship ritual of D. melanogaster. It is usually initiated
with the male orientation to nearby passing or staying
females. The male tries to approach the female, and if she
escapes, he starts to follow her. After approaching the
female, the male taps her abdomen with his foreleg tarsi with
attached sex combs which come into contact with the
female’s mechanosensory bristles covering her abdomen and
genitalia (Kopp 2011). Occasionally the tapping alternates
with the male mating song. While singing, the male circles
around the female. Upon sufﬁcient female stimulation, the
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male starts licking the female’s abdomen using proboscis.
Following the initiation of the courtship, the male tries to
mount the female and copulate. In case of failure, the male
continues to court the female. Females can counteract to the
male’s courtship by kicking them off with their hind legs,
ovipositor extrusion, abdomen elevation or depression, thus
preventing copulation (Spieth 1951; Shorey 1962; Burnet
et al. 1971; Connolly and Cook 1973; Spieth 1974; Jallon
and Hotta 1979; Ewing 1983; Markow and O’Grady 2005;
Lasbleiz et al. 2006). Mating success depends on many
factors including the male sexual activity, female receptivity,
sizes of female and male, ﬂy age and female’s starvation and
mating status, and signals generated and received during
courtship (Spiess 1987; Balaban-Feld and Valone 2017;
Churchill et al. 2019).
Nearly one hundred genes are currently known in
D. melanogaster which mutations affect courtship behaviour. Most of them produce indirect or pleotropic effects.
Mutations that directly change sexual behaviour are rather
rare. One gene that presumably regulates the sexual behaviour is quick-to-court (qtc). A mutation of qtc was found to
enhance the homosexual behaviour of Drosophila males
(Gaines et al. 2000). In addition, this mutation accelerates
regular heterosexual activity of males. The activation of
sexual behaviour distinguishes the qtc mutant from others
that cause decline in function. A decrease in qtc expression
affects the male capability of recognizing mating partners by
using pheromones (Houot et al. 2012). However, no changes
were detected in amounts of hydrocarbons, 7-tricosene and
7-pentacosene, in male cuticula that respectively have
courtship-inhibiting and courtship-stimulating activity
(Gaines et al. 2000). Interestingly, the male pheromone
7-tricosene inhibits intermale courtship (Scott 1986; Ferveur
and Sureau 1996). The qtc effect was quite speciﬁc because
many features of the male mating behaviour were unchanged
in mutants. Expression of qtc was detected in both males and
females, and expression levels in both sexes were comparable (Gaines et al. 2000). Interestingly, the females with a
qtc mutation did not show any change in mating behaviour.
Several mature forms of qtc mRNA were produced by
alternative splicing. Expression of qtc proceeds predominantly in male’s and female’s heads where it associates with
central nervous system and in testes (Gaines et al. 2000;
Wasbrough et al. 2010; Aradska et al. 2015). Small amount
of qtc transcripts was in female bodies in regions associated
with generative organs (Gaines et al. 2000).
Recently, we have developed a new method for obtaining
deletions in D. melanogaster. Using this method, we deleted
the complete sequence of the qtc gene. We found that the
mutants have some of the features in the mating behaviour.
In this report, we describe behavioural features of this new
deletion mutant.

Materials and methods
Drosophila stocks

Strain y[1] v[1] P{y[?t7.7]=nos-phiC31\int.NLS}X;
P{y[?t7.7]=CaryP}attP40 (Bloomington Drosophila Stock
Center, stock no. 25709) with landing platform and phiC31
integrase (ﬁgure 1a) was used for embedding pDELqtc
construct (ﬁgure 1b), as described earlier (Kravchuk et al.
2015). The obtained transformants were bred to y1w1118;
CyO/IF, as a result, the line y1w1118; pDEL-qtc/Cy and the
line y1w1118; pDEL-qtc were obtained. Line y1w1118; pDELqtc serves as a control in the behaviour tests. The pDEL-qtc
construct and P{y[?t7.7]=CaryP}attP40 were marked
respectively by genes white and yellow, thus the y1w1118;
pDEL-qtc ﬂies had orange eyes and wild-type bodies
(ﬁgure 1c).
y1w1118; Dqtc/CyO was obtained from y1w1118; pDELqtc by a method based on repair of targeted double-strand
break (ﬁgure 1c). To do this, y1w1118; Dqtc/CyO was
crossed with y1w1118; I-SceI ﬂies. Line y1w1118; I-SceI was
obtained from strain y[1] w[*]; P{ry[?t7.2]=70FLP}23
P{v[?t1.8]=70I-SceI}4A/TM6 (Bloomington Drosophila
Stock Center, stock no. 6935). This line carries heat-inducible I-SceI nuclease transgene (hsp70-I-SceI), described by Rong and Golik (2003). The expression of I-SceI
encoding gene was induced by heat shock at the later
stages of development of F1 embryos and larvae; heat
shock conditions had been optimized in our previous work
(Tkachuk et al. 2011). F1 ﬂies were bred to y1w1118; CyO/
If ﬂies, and the loss of the yellow marker was used to
select the offspring in whom repair events did occur. As a
result, we got the line y1w1118; Dqtc/CyO, where the yellow marker was missing while the white marker was
retained. The deletion was conﬁrmed by sequencing and
PCR with primers qtcLfw (AAACGTGCTCCAT
TTCGCCATTGA)
b
qtc2rev
(GTGTTAGACAC
GGGAAAGATTCG) (ﬁgure 1c). The deletion did not
survive as homozygote and was sustained in a balancer
line. The obtained mutation is a deﬁciency, and the deleted
region contained several genes. In addition to qtc, there
are no deleted genes that are associated with changes in
mating behaviour (table 1). Oregon-R (Or-R) was a wildtype line. All stocks were maintained on the standard
yeast medium at 25°.

Cross-breeding

Mutations in the yellow and white genes inﬂuence sexual
behaviour, whereas mutation CyO affected the song of ﬂies.
Therefore, for behavioural tests, we obtained heterozygous
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Figure 1. Procedure for obtaining of a deletion mutant (Kravchuk et al. 2015) and ﬂies for behavioural tests: (a) genomic environment of
the qtc gene. The scheme shows the position and orientation of the incorporated P{CaryP} attP40 transgene; qtc1 and qtc2 are the
corresponding PCR products; arrow designates the qtcLfw primer. (b) Scheme of the pDELqtc construct. The white enhancer is shown as an
oval; qtc1 and qtc2 amplicons are shown in blocks; the corresponding primers are shown as arrows: qtc1 (AAAAACGTGGCAAA
TAAGCACAT), qtc1rev (GCAAATCCCAAATGAAAAGTGAA), qtc2 (ACACTTAGATTGCACGCCAAAAT), qtc2rev (GTGTTAGA
CACGGGAAAGATTCG). (c) Induction of a chromosome deletion. A pDELqtc construct is incorporated at a distance of 47.5 kb from qtc
by means of attB–attP recombination, which employs the ability of the site speciﬁc integrase of phiC31 bacteriophage to induce
recombination between attB and attP sites. The construct contains qtc1 and qtc2 sequences homologous to qtc fragments. A double strand
break is introduced with I-SceI, and its subsequent repair results in a deletion. Primers qtcLfw and qtc2rev (arrows) were used to obtain a
1.6-kb PCR product for control sequencing. (d) For behavioural tests, heterozygous ﬂies were obtained by breeding males y1w1118; pDELqtc (Contr) or y1w1118; Dqtc/CyO (Del) with the Or-R females.

ﬂies by breeding males y1w1118; pDEL-qtc (Contr) or
y1w1118; Dqtc/CyO (Del) with the Or-R females
(ﬁgure 1d). The following ﬂies were obtained: y?w?;

pDEL-qtc/? (OR/Contr) and y?w?; D qtc/? (OR/Del).
These ﬂies latter had the deletion and were visually
similar to the wild-type ﬂies.

Unknown

Unknown

2L:5093976..5095910 [?]

2L:5096227..5099294 [?]

phenotypic data is
available
2L:5099177..5100288 [-]

2L:5100877..5207002 [?]

GC5828

GC4230

No
ND-13A

Msp300

Mitochondrial
electron
transport,
NADH to
ubiquinone;
respiratory
electron
transport chain
Locomotion;
cellular
component
organization;
nucleus
localization;
microtubule
anchoring;
postembryonic
animal
organ
development

Coenzyme A
biosynthetic
process
Regulation of
actin ﬁlament

Unknown
Cytoplasmic
translation;
translation
Oligosaccharide
biosynthetic
process

Biological process

50 alleles

Volk (1992), Yu et al.
(2006), Xie and Fischer
(2008), Elhanany-Tamir
et al. (2012)

Msp-300sz75

7 alleles

Gaudet et al.
(2011)

7 alleles

pgant5c03193

M(2)25C
17 alleles

No
8 alleles

Alleles

Gaudet et al. (2011)

polymerization;
negative regulation
of apoptotic process

Gaudet et al. (2011)

Ten Hagen et al. (2003),
Gerken et al. (2008)

No
Lambertsson (1998),
Marygold et al. (2007)

References

The phenotypes of the alleles manifest in: cytoplasm;
egg; intracellular organelle; embryonic/larval adipose system;
dorsal appendage
Msp-300sz75/? females with Msp-300sz75 homozygous
germ-line clones lay a reduced number of eggs compared
to wild type. The majority of such eggs are signiﬁcantly
shorter than wild-type eggs with short dorsal appendages
and a subset have a severely shrunken appearance. All
of these eggs show abnormal development

The phenotype of the alleles manifest in: trichogen cell

6 alleles

No phenotypic data is available
The phenotypes of the alleles manifest in: Z disc;
macrochaeta; sarcomere; embryonic/larval somatic muscle
Small-bristled minute with heavy body
The phenotypes of the alleles manifest in: embryonic/larval
copper cell; embryonic/larval gut
pgant5c03193/Df(2L)BSC109 progeny are not viable. The
larval digestive tracts of pgant5c03193/Df(2L)BSC109 animals
show an unusually basic pH compared with controls.
Wild-type copper cells display abundant O-glycoproteins
throughout the apical and luminal region of copper cells,
pgant5c03193/Df(2L)BSC109 mutants display a dramatic
loss O-glycosylation normally found on copper cells and
apical cytoskeletal abnormalities
No phenotypic data is available

Phenotypes
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Actin binding;
protein kinase binding;
protein binding; actin
ﬁlament binding

Pantothenate
kinase activity

Polypeptide N-acetylgalactosaminyltransferase activity

2L:5072170..5093592 [-]

pgant5

Unknown
Structural constituent
of ribosome

Molecular function

2L:5070887..5071109 [-]
2L:5070957..5072055 [?]

Location

CR45305
RpL37A

Name

Table 1. The neighbouring genes which deleted along with the qtc and the phenotypes of some alleles.
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Mating behaviour of ﬂies with qtc gene deletion
Behavioural tests

Flies were reared on the standard growth medium (agar,
semolina, yeast, sugar and raisins) in 100 x 25 mm vials with
5 to 10 mL of food at a constant temperature of 21±1°C and
12 h day light. After releasing from pupae, ﬂies were sorted
according to the sex under cold anesthesia. Virgin females
and males were kept separately for 3–4 days in groups of 10
ﬂies. To test courtship behaviour, a male and a female were
placed into experimental chamber, 40 mm Petri dish. All
ﬂies participated in only one test. The sample sizes were 31
and 30 pairs for control ﬂies and ﬂies with the deletion,
respectively. The courtship behaviour was recorded on
camera Sony HDR-SR 12E (Japan). Video recording started
from courtship initiation, when a male became oriented to a
female or followed it, and continued up to successful copulation or for 15 min. If a male did not react to a female
during this period, no video was recorded, and the pair was
excluded from further analysis. To examine the video
records, the Virtual Dub 1.10.3 software was used, and the
latency and duration of behavioural elements were registered
independently by two researches. Six male courtship elements were analysed: following a female, tapping (touching
female’s abdomen), licking female’s genitals, singing (wing
vibration directed to a female), circling a female, and the
copulation attempt. The female behavioural elements analysed were: escape (running away from a courting male) and
kicking a male. The latency prior to the ﬁrst execution of
each behavioural element was calculated from the beginning
of courtship. The data were statistically treated using the
software Statistica v.10. The occurrence frequencies of
courtship elements were compared using the Fisher’s exact
test. Since the original distributions of duration and latency
of behavioural elements were negatively skewed, we used
the logarithm transformation (y = lg(x?1)) to normalize the
original data. For latencies and durations of behavioural
elements, statistical comparisons of ﬂies with the deletion
versus control were performed by independent Student’s
two-sample t-test. For presenting our results, the means of
the log-transformed data were back-transformed by taking
the antilog 10x (log-transformed seconds). Benjamini and
Hochberg correction was used for multiple comparisons
(Benjamini and Hochberg 1995). The T2-criterion of
Hotelling (T2) was used for multivariate analysis of the ritual
elements with highest occurrences (general patterns) when
comparing ﬂies with the deletion and control ones. Statistical
signiﬁcance was set at P B 0.05.

Courtship song recording and analysis

The technique of recording the courtship song was described
previously (Popov et al. 2000; Iliadi et al. 2009; Fedotov
et al. 2014; Fedotov et al. 2018). A male was placed,
together with a fertilized female, into an experimental
chamber placed above the microphone, and the sounds were
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recorded for 5 min at 250C. Unreceptive fertilized female
was used to provoke male courtship song with the aim to
standardize the recording time (5 min). In case of a virgin
female, this time may essentially vary because of early
copulation. The sound records were analysed using the
program ‘Drosophila courtship song analysis’ (DCSA, N.G.
Kamyshev), which automatically recognized the pulse song
and calculated its various parameters. Automatic pulse
recognition in sound records (wav ﬁles, mono, 44100 Hz, 16
bit) was based on sound signal features, empirically selected
when analysing natural pulse song, and applied at successive
stages of analysis. Despite the program algorithm recognizes
almost all song pulses, a manual correction in the editor
mode was performed, mainly to delete some unrelated signals. The pulses are usually organized in trains consisting of
two or more pulses. The pulses separated by 80 ms or less
were ascribed to one train, and interpulse intervals (IPI) were
calculated only for intratrain pulses. The pulse song index
(per cent of time occupied by the pulse song), frequency of
trains initiation (N per 100 s) and latencies to the ﬁrst pulse
and to the ﬁrst train (s) were calculated for each male, as well
as mean values for such parameters as train duration (ms),
number of pulses within a train, IPI (ms), number of cycles
within a pulse and the pulse carrying frequency. Statistical
comparisons of all these parameters between samples of
control and mutant (carrying the deﬁciency) individuals
were performed by Mann–Whitney test. Statistica 10.0
software was used. All applicable international, national,
and/or institutional guidelines for the care and use of animals
were followed.

Results and discussion
Mating behaviour

We investigated the new deletion mutant that has qtc gene
completely removed. Several neighbouring genes were also
deleted in this mutant. However, no phenotypes associated
with mating behaviour were described for the mutants of
these genes (table 1), thus indicating that the observed
changes in behaviour are associated with the deletion of qtc.
Among the deleted genes, the Msp300 gene could be associated with reproductive function. Mutations in this gene are
known to cause abnormal egg development (table 1). Some
Msp300 mutants have eggs shorter than the wild type eggs
and shriveled, but only homozygotes have such a manifestation. The qtc deletion obtained by us was heterozygous,
and the mutant ﬂies possessed homologous wild-type chromosome. Nevertheless, we checked the eggs in ﬂies with
deletions and found that they did not differ from the wild
type (ﬁgure 2).
To study the effect of the deletion on mating behaviour,
we analysed courtship elements of the y?w?; Dqtc/? (OR/
Del) and y?w?; pDEL-qtc/? (OR/Contr) pairs. The mating
pairs of the OR/Del males and females were compared with
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Figure 2. Egg chambers in ﬂies stained with DAPI: (a) y1w1118; Dqtc/CyO. (b) y1w1118; pDEL-qtc. (c) Oregon-R.
Table 2. The number and percentage (in parentheses) of trials containing certain behavioural elements in males (M) and females (F) of the
mutant and control genotypes.

Genotype Total
OR/Contr
OR/Del

31
30

Following
M

Tapping
M

Licking
M

Singing
M

Circling
M

Copulation
attempt
M

Copulation

Escape
F

Kicking
F

28 (90)
30 (100)

25 (81)
29 (97)

18 (58)
27 (90)

28 (90)
30 (100)

9 (29)
5 (17)

16 (52)
13 (43)

24 (77)
29 (94)

15 (48)
15 (50)

6 (19)
8 (27)

Signiﬁcant (P\0.01) pairwise comparisons between control and mutant individuals are in bold.

Table 3. Results of the Student’s tests for the latencies and durations of courtship elements in males (M) and females (F). The mating pairs
of the OR/Del were compared with the OR/Contr pairs.

Parameter
Latency
Duration

Statistical
parameters
t;
df;
P
t;
df;
P

Following
M
2.82;
57;
0.007
-2.08;
59;
0.04

Tapping
M
1.22;
54;
0.23
-1.61;
59;
0.11

Licking
M

Singing
M

2.85;
1.14;
44;
58;
0.007
0.26
-2.87; -1.38;
59;
59;
0.006
0.11

Circling
M

Copulation
attempt M

0.32;
13;
0.75
0.93;
59;
0.36

1.85;
28;
0.08
0.98;
59;
0.33

Escape
F
1.74;
26;
0.09
-1.29;
59;
0.20

Kicking
F
0.26;
12;
0.80
-1.40;
59;
0.17

q
0.013
None
Signiﬁcant results

q, Benjamini and Hochberg corrected signiﬁcance level. Signiﬁcant (P\0.01) values are in bold.

the OR/Contr pairs. All the main courtship elements,
namely, the following, tapping, licking, singing, and circling
were demonstrated both by OR/Del and OR/Contr pairs.
There was no difference in copulation efﬁciency between the
two types of pairs (table 2, copulation). The deletion did not
change the frequency of all main courtship elements except
one (table 2), the licking of female genitals was increased

from 58% (OR/Contr) to 90% (OR/Del) (Fisher’s exact test,
P=0.0047). A prominent decrease in latency of following
(Student’s t-test, P=0.007) and licking (Student’s t-test,
P=0.007) was observed in the OR/Del pairs (table 3; ﬁgure 3). On the other hand, the latencies for a group of the
most frequent courtship elements (following, tapping, licking, and singing) was markedly lower in OR/Del than in OR/

Mating behaviour of ﬂies with qtc gene deletion
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Figure 3. Latencies of courtship elements in arbitrary units (AU, transformed data). Results are shown in arbitrary units for ﬂies with the
deletion ($ OR/Del ? # OR/Del) and control ﬂies ($ OR/Contr ? # OR/Contr). Bars present 95% conﬁdence interval. Latency of
behavioural elements in seconds is presented in table 1 in electronic supplementary material at http://www.ias.ac.in/jgenet/.
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Mating behaviour of ﬂies with qtc gene deletion
b Figure 4. Duration of courtship elements in arbitrary units (AU,
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copulations, although in the latter case the differences were
not signiﬁcant.

transformed data). Results are shown in arbitrary units for ﬂies with
the deletion ($ OR/Del ? # OR/Del) and control ﬂies ($ OR/Contr
? # OR/Contr). Bars present 95% conﬁdence interval. Duration of
behavioural elements in seconds is presented in table 2 in electronic
supplementary material.

Courtship songs

Contr pairs (Hotelling T2=21.09, F(5,19)=3.4843, P\0.021).
We did not observe signiﬁcant differences in the duration of
the elements (ﬁgure 4). But the average duration of following female, tapping, licking, and singing was signiﬁcantly higher in the OR/Del than in OR/Contr pairs
(Hotelling T2=15.25, F(5,55)=2.84, P\0.023). Thus, the
deletion does not exert a strong inﬂuence on the structure of
mating behaviour, affecting only some of its elements. Following the female, tapping her with his forelegs, singing a
courtship song, and licking her genitalia with his proboscis
were the most frequent courtship repertoire elements in ﬂies
with the deletion. This structure of courtship behaviour is
characteristic of D. melanogaster. Flies with the deletion
showed high efﬁciency of copulation. Previously, it was
shown that ﬂies with a mutation in qtc gene begin courtship abnormally quickly (Gaines et al. 2000). We also
noted that courtship in ﬂies with deletions begins quickly,
but we found some previously unknown peculiarities in
their courtship behaviour. Following the female and licking
were most affected by this gene. We observed a signiﬁcant
decrease in the latency period for only these elements in
ﬂies with deletion. Also, licking was the only element
whose frequency increased in mutants. Interestingly, licking
is one of the key elements that ensure the transition from
courtship to copulation in ﬂies (Mezzera et al. 2020). An
increase in the frequency of licking in mutants was
accompanied by an increase in the frequency of

Parameters of the courtship pulse song were evaluated in two
experimental designs. In the ﬁrst one, the mutant (with
deletion) and control males were compared when they
courted the wild-type Or-R females. In the second, vice
versa, the comparison was made between Or-R males
courting either mutant or control females. Parameters
reﬂecting the functioning of the song central pattern generator (SCPG) itself (IPI and pulse carrier frequency) were not
affected in either combination (table 4). However, the
scheduling of SCPG activity was dependent on the ﬂies’
genotype. In comparison to corresponding controls, the
pulse song index (per cent of time occupied by the pulse
song) was increased in the mutant males and decreased in
the Or-R males courting mutant females (ﬁgure 5). In the
latter case, that was obviously due to a decrease in the frequency of the initiation and extension of the intertrain
interval. Although the train duration did not differ signiﬁcantly between mutant and control males (table 4), the correlated parameter, the number of pulses in a train, was higher
in the mutants (ﬁgure 5). The latency to the ﬁrst SCPG
activity was longer in the Or-R males courting mutant
females (ﬁgure 5). Thus, the deletion in males enhanced the
pulse song production. Females, carrying the deﬁciency,
provoke a postponed and less frequent male courtship than
control females.
Our results concerning pulse song production do not agree
with those reported by Gaines et al. (2000). However, there
are major differences between the experimental conditions.
Gaines with coworkers found that qtc1 males initiate courtship of virgin wild-type CS females faster than the wild type

Table 4. Results of Mann–Whitney test for the difference between control and mutant (carrying the deﬁciency) individuals.
Mutant males court
Or-R females

Or-R males court
mutant females

Parameter

Pulse song index (%)
Trains frequency (N per 100 s)
Train duration (ms)
Pulses number in a train
Intertrain interval (s)
Pulse carrier frequency (Hz)
IPI (ms)
Latency to ﬁrst pulse (s)
Latency to ﬁrst train (s)

N (control)

N (Df)

P level

N (control)

N (Df)

P level

43
43
38
43
39
43
38
43
42

47
47
44
47
46
47
44
47
45

0.029486
0.151512
0.062916
0.047777
0.163489
0.186602
0.751878
0.799150
0.454773

40
40
36
40
39
39
36
40
40

44
44
35
44
37
42
35
44
43

0.011549
0.018405
0.782528
0.083790
0.025121
0.939724
0.629063
0.046781
0.028067

Variation in sample size between various parameters is due to the inability to calculate the parameter in some ﬂies (e.g., intertrain interval
may be calculated only in the presence of two or more trains). To increase the precision of estimating IPI and train duration, only ﬂies with
IPI number of 10 or more were selected. Flies with only one single pulse were not used to calculate pulse carrier frequency. Signiﬁcant
(P\0.05) pairwise comparisons between control and mutant individuals are in bold.
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Figure 5. Box-and-whiskey plots (median, 25–75% quartiles, min–max) for pulse song parameters in the mutant and control individuals.
X-axis, the control (MC) or mutant (MD) males court Or-R females; Or-R males court either control (FC) or mutant (FD) females.
Signiﬁcant (P\0.05) pairwise comparisons between control and mutant individuals are marked with stars. Exact P values and sample sizes
are presented in table 4. Only parameters with signiﬁcant difference between groups are shown.

and other kinds of control males. We did not ﬁnd a difference between control and mutant males in the latency of
pulse song initiation when they court fertilized wild-type OrR females. Gaines et al. (2000) reported that qtc1 males
produced normal levels of courtship towards CS females as
estimated by the courtship index. We have found that mutant
males produce more courtship song than control males when
courting Or-R females as estimated by the pulse song index.
They reported that qtc1 females elicited as much courtship
from CS males as control CS females. In our experiment,
mutant females provoke much less pulse song production by

Or-R males than control females do. Moreover, Or-R males
initiate courtship song towards mutant females later than
towards control females. In other words, the deﬁcit of qtc in
females leads to a decrease in the intensity of courtship of
wild-type males. This fact and the absence of a signiﬁcant
difference in the qtc expression between males and females
(Gaines et al. 2000; http://ﬂybase.org/reports/FBgn0028572)
suggest that qtc is not a gene that determines only the male
mating behaviour, but also affects the sexual activity of
females. Gaines et al. (2000) described the relationship
between the decrease in qtc expression and the increased

Mating behaviour of ﬂies with qtc gene deletion

sexual activity of males. We also noted a slight increase in
the sexual activity of males with the deﬁcit of qtc. Compared
to the control, mutant males cared for wild-type Or-R
females in the study of pulse song production more intensively. Recently, qtc has been studied in Anopheles culicifacies, the malaria carrier (Das De et al. 2017). Also Das De
et al. (2017) reported about a relationship between the level
of qtc expression and sexual activity; a decrease in the Acqtc expression in olfactory tissue led to an increase in sexual
activity in both males and females.
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