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ABSTRACT: An anti-cancerous drug and a monofunctional alkylating agent, Ethyl methanesulfonate (EMS), was
tested for its toxic effects by using courtship behavioral elements as the parameter in Drosophila melanogaster.
EMS concentrations ranging from 0.5 to 15mM were employed by larval feeding technique to analyze the effect.
When the different combinations of crosses were performed, the results have revealed that there were no qualitative
differences between the control and treated groups. However, quantitatively, it has shown that male courtship
elements such as orientation, tapping, wing vibration and licking were significantly prolonged compared to controls.
Similar results were observed in case of female rejection behavior elements namely: ignoring, extruding and
decamping. On par with this, even the courtship latency and copulation latency were significantly increased and
contrary to these, copulation duration was significantly decreased, thus suggesting that the treated males were less
vigor; treated females were less receptive on one hand and on the other lower reproductive fitness. Drastic effects of
EMS on mating behavior prove that this can be utilized as a parameter for assessing the toxic effects of chemicals.
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INTRODUCTION

EMS, an alkylating agent is able to
produce point mutations and small deletions
as well as chromosomal brakes; its
recombinogenic activity is also known and
it has been found to be mutagenic in a wide
variety of genetic test systems from viruses
to mammals1. Especially in D.melanogaster
for the first time, Fahmy and Fahmy2

showed induction of sex linked recessive
lethals by EMS.  Latter, Muller-5 test, an
attached-X test, the X or Y chromosome
specific locus test, autosomal recessive
lethal test have been extensively used to
screen  and detect different mutations

induced by the EMS mutagen in
D.melanogaster3-7. EMS is also shown to
induce dominant lethals, wing spots,
translocations, DNA damage (using comet
assay) in D.melanogaster8-11.

As far as behavior genetics of
D.melanogaster is considered, since the first
descriptive studies by Sturtevant12, many
behaviorists characterized several steps of
stereotypical actions in males13,14. But an
important milestone in the history of
behavioral genetics is the paper of Benzer15,
who used mutagenic and genetic
manipulations to quantify a series of
behaviors including courtship by using
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EMS. In this direction, very recently
Vasudev et.al.16 used courtship behaviour
as a parameter to understand the toxicity
within a very short period of time in
D.melanogaster. To further strength this
hypothesis, the authors have used EMS as
standard mutagen and the results of the same
are discussed in this paper.

MATERIALS AND METHODS

Test system
In all experiments, OK strain of

Drosophila melanogaster has been used as
the material and the same as been obtained
from Drosophila Stock Centre, Department
of Zoology, University of Mysore, Mysore.
Flies were maintained in the BOD incubator
with 24±1°C.

Chemicals
The well known monofunctional

alkylating agent, Ethyl methanesulfonate
(EMS: CAS No.62-50-0), was obtained from
Sigma Chemical Company, USA and was
used as the genotoxic agent to study the
effects on courtship behavior. Other routine
chemicals were from BDH chemical Ltd.,
Mumbai.

Preparation of media
a. Control media: Normal standard wheat

cream agar food medium was used as
control.

b. Chemical media: Various
concentrations of EMS (0.5, 1.0, 5, 10
and 15mM) in food medium was
prepared according to procedure of

Vasudev and Krishnamurthy17. This was
distributed to food vials in equal
quantity and was used as chemical
media for all experiments.

c. Delcour media: This media was
prepared according to the method of
Delcour18.

d. Collection of eggs: The modified
technique of Delcour was used to collect
the same age of eggs17.

Assessment of Rate of Development and
Viability:

Eggs of the same age (± 6h) in equal
numbers (100 eggs per bottle) were placed
into normal and each bottle containing
media of different concentrations of EMS
(0.5, 1.0, 5, 10 and 15mM) and allowed to
develop. The newly-hatched larvae were
continuously fed on the above food media,
i.e. larval feeding method17 was used. The
rate of development and viability were
analyzed by using the method of Vasudev
and Krishnamurthy19 after the emergence of
adult flies.

Isolation of virgin flies for mating:
Adult flies emerged, the virgin females

and bachelor males were isolated within
three to four hours of eclosion and
maintained separately in normal medium.
They were aged for five days for observation
of the courtship behavior.

Courtship behavioral assay:
Courtship assay was conducted during

the morning hours (7-10 A.M.) every day
in a room with a temperature of 24 ± 1°C
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under normal laboratory light condition. A
single virgin female was introduced into
Elens-Wattiaux mating chamber without
etherizing them, using an aspirator. A
bachelor male was added to it and allowed
to acclimatize to the chamber for 30sec.
The details of courtship behavior were
directly observed through hand lens of 10x
magnification. Depending upon the
experimental protocols mentioned below,
flies were introduced into the observation
chamber. Courtship activities such as
orientation, tapping, wing vibration and
licking which are male-specific activities
and ignoring, extruding and decamping
which are female-specific activities and
copulation duration were recorded
separately in the control and treated groups.
From these data, courtship latency and
copulation latency were analyzed and
tabulated. Continuous observations were
made for 30 minutes, then if there had been
no copulation, that was considered as
unmated and that pair was replaced by fresh
pair. Mating chamber was washed every
time after each observation to remove sex
pheromones of previous couples, if any.

Experimental protocols:
Control: Untreated male and female

flies were released into mating chambers to
observe for their mating behavior.

Female treated: Female treated with
0.5, 1.0, 5, 10 or 15mM of EMS was
released with control male into the mating
chamber.

Male treated: Male treated with 0.5,

1.0, 5, 10 or 15mM of EMS was released
with control female into the mating chamber.

Both treated: Both male and female
flies treated with 0.5, 1.0, 5, 10 or 15mM
of EMS were released into the mating
chamber.

Twenty five pairs were observed for
each experiment and we repeated the
experiments thrice. As a whole, we recorded
75 observations each for treated and control
groups.

Statistical analysis
The data obtained from the individual

experiments were subjected to statistical
analysis to determine the significance level
between the control and treatment groups.
The data were expressed as Mean ± SE and
compared using a one-way analysis of
variance (ANOVA). Comparisons among
groups were analyzed according to Tukey’s
post hoc test using the SPSS statistical
package version 23.0. Significance level was
tested at p<0.05.

RESULTS AND DISCUSSION

Rate of Development and Viability:
The results have revealed that there is

dose dependent increase in rate of
development and the viability is
significantly reduced to 53.22% in the
highest dose (15mM)  tested (data not given)
compared to controls (p<0.05).

Courtship behavioral assay:
When different combinations of

crosses were performed to analyze the effect
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of EMS on courtship behaviour, qualitative
data are similar in all experimental groups
analyzed, but on the other hand,
quantitatively, the results have revealed that
there are significant differences between
treated groups and control (Tables 1, 2, 3,
p<0.05). Nonetheless, it is clear from each
table that male courtship behaviors like
orientation, tapping, wing vibration and
licking show significant increase in a dose
dependent manner compared to controls.
The highest effect of EMS is noticed in the
highest dose tested of all courtship elements.
Tables also reveal the concordant results
obtained from different types of
experimental schedules. On par with this,
even in female rejection elements of
D.melanogaster, there is an increase in dose

dependent manner compared to controls
(Figs. 1, 2, 3 p<0.05). The courtship latency
and copulation latency have been shown to
be significantly extended in all the
experimental treated groups compared to
controls (Tables 1, 2, 3, p<0.05).  Contrary
to this, the copulation duration is
significantly decreased in different treated
groups than that of controls (Tables 1, 2, 3,
p<0.05). The highest reduction of courtship
duration is noticed when both males and
females are treated. For example, the
courtship duration in this group is
11.47±0.13 min compared to 19.35±0.05
min in control (Table 3). These findings are
suggestive of overall ailment in performance
of courtship by both male and female under
treatment with EMS compared to control.

Table-1. Effect of different concentrations of EMS on courtship elements of
D.melanogaster when male is treated and paired with normal female

Concentrations Orientation Tapping Wing vibration Licking Courtship Copulation Copulation
(in mM) (in numbers) (in numbers) (in numbers) (in numbers) latency (sec.) latency(min.) duration (min.)

Control 4.58±0.07a 3.62±0.07a 4.64±0.05a 2.43±0.04a 10.80±0.16a 1.51±0.02a 19.35±0.05a

0.5 5.36±0.26b 4.43±0.32ab 5.91±0.26b 2.98±0.37ab 16.28±0.42b 2.87±0.23b 18.37±0.11b

1 8.71±0.22c 5.20±0.38b 7.74±0.28c 3.62±0.25b 19.76±0.28c 3.81±0.29c 16.54±0.04c

5 13.81±0.26d 10.78±0.26c 12.71±0.15d 6.30±0.28c 23.07±0.30d 5.58±0.28d 15.67±0.02d

10 19.04±0.26e 15.76±0.26d 17.85±0.31e 8.23±0.30d 29.21±0.29e 7.89±0.31e 13.79±0.10e

15 25.93±0.27f 19.69±0.25e 21.23±0.20f 14.05±0.25e 35.77±0.25f 10.66±0.26f 12.79±0.03f

Note: Data of 3 independent experiments; 25 pairs per experiment were used; Mean with SE are given. Values
with the same superscripts are not significantly different (p>0.05) whereas values with different superscripts
are significantly different (p<0.05) from one another.
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Table-2. Effect of different concentrations of EMS on courtship elements of
D.melanogaster when female is treated and paired with normal male

Concentrations Orientation Tapping Wing vibration Licking Courtship Copulation Copulation
(in mM) (in numbers) (in numbers) (in numbers) (in numbers) latency (sec.) latency(min.) duration (min.)
Control 4.58±0.07a 3.62±0.07a 4.64±0.05a 2.43±0.04a 10.80±0.16a 1.51±0.02a 19.35±0.05a

0.5 6.59±0.26b 5.49±0.27b 6.80±0.34b 3.69±0.32b 14.37±0.25b 2.86±0.04b 18.67±0.05b

1 10.79±0.33c 7.81±0.23c 9.88±0.34c 5.89±0.27c 17.05±0.25c 4.77±0.24c 17.54±0.03c

5 15.93±0.27d 12.81±0.22d 14.86±0.25d 7.91±0.34d 20.91±0.38d 6.76±0.29d 16.62±0.07d

10 21.78±0.35e 17.94±0.33e 19.86±0.35e 11.79±0.28e 26.61±0.29e 8.10±0.08e 14.65±0.11e

15 27.65±0.25f 22.01±0.25f 23.82±0.27f 15.82±0.15f 32.72±0.20f 12.78±0.28f 13.55±0.04f

Note: Data of 3 independent experiments; 25 pairs per experiment were used; Mean with SE are given. Values
with the same superscripts are not significantly different (p>0.05) whereas values with different superscripts
are significantly different (p<0.05) from one another

Table-3. Effect of different concentrations of EMS on courtship elements of
D.melanogaster when treated male and female is paired

Concentrations Orientation Tapping Wing vibration Licking Courtship Copulation Copulation
(in mM) (in numbers) (in numbers) (in numbers) (in numbers) latency (sec.) latency(min.) duration (min.)

Control 4.58±0.07a 3.62±0.07a 4.64±0.05a 2.43±0.04a 10.80±0.16a 1.51±0.02a 19.35±0.05a

0.5 8.70±0.26b 6.79±0.37b 7.63±0.40b 4.71±0.26b 18.86±0.29b 3.70±0.28b 17.63±0.11b

1 11.85±0.38c 9.24±0.26c 11.76±0.36c 7.18±0.19c 21.75±0.44c 5.03±0.31c 15.54±0.13c

5 19.80±0.39d 15.81±0.27d 18.77±0.16d 10.06±0.10d 25.34±0.21d 7.87±0.24d 14.59±0.08d

10 25.85±0.44e 19.41±0.26e 23.55±0.26e 15.95±0.28e 31.70±0.22e 9.79±0.24e 12.67±0.09e

15 30.77±0.25f 24.89±0.36f 26.41±0.28f 18.84±0.25f 38.09±0.26f 13.83±0.24f 11.47±0.13f

Note: Data of 3 independent experiments; 25 pairs per experiment were used; Mean with SE are given. Values
with the same superscripts are not significantly different (p>0.05) whereas values with different superscripts
are significantly different (p<0.05) from one another.
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Figure-1. Female rejection courtship elements of
D.melanogaster after EMS treated male is paired

with a normal female.

Figure-2. Female rejection courtship elements of
D.melanogaster after EMS treated female is paired

with a normal male.

Figure-3. Female rejection courtship elements of
D.melanogaster after EMS treated male and female

is paired.

William E. Castle was the first person
to use Drosophila for a genetic study in the
laboratory at Harvard University in 190120.
Subsequently he and his students began to
study simple behaviors which included
phototaxis, mechanosensory, olfactory
response and not the least courtship behavior
but until the work of Sturtevant12,
Drosophila has not been recognized as a

model organism for courtship behaviour.
When the scientists started to use courtship
behaviour of Drosophila, it was basically
for understanding isolation mechanism,
sexual selection, intraspecific variations and
interspecific behavior21. A new line of
research was started with publication of
Benzer15 who fed EMS to Drosophila male
flies to screen their offspring’s for
behavioral phenotypes, then used genetic
crosses to isolate genes responsible for their
altered behaviors. Being best model
organism for genetic studies with many
advantages, time and again new parameters
are being introduced. One such parameter
is the introduction of mating behaviour to
understand toxicity within a short period of
time16. In the present studies, to strengthen
the said hypothesis, a standard
monofunctional ethylating agent - Ethyl
methanesulfonate (EMS) has been used. The
results have revealed that qualitative data
of courtship behavior of present study such
as orientation, tapping, wing vibration,
licking, and mounting are similar to that
described by Bostock and Manning14 and
Spieth22.  There is no variation between
treated groups and controls with regard to
courtship behavior and thus it is opined that
EMS has not affected the courtship elements
qualitatively.

Quantitatively, the behavioral attributes
during courtship like orientation, tapping,
wing vibration, licking and copulation
attempts have significantly increased in
different experimental regime, thus
exhibiting the sign of EMS toxicity in
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D.melanogaster (Tables 1, 2, 3, p<0.05).
Toxicity of EMS has also been demonstrated
by Yang et.al.23 by employing EMS on the
following nine quantitative traits such as
developmental trait, viability, longevity,
metabolite rate, mortality, body weight and
abdominal and sternopleural bristle numbers
of D.melanogaster. Similarly in the present
experiment, rate of development and
viability which are the best parameters of
toxicity as proposed by Lunning24 were
significantly affected by EMS in dose
dependent manner (data not given). Further
different chemicals agents have been tested
by Nazari and Hegde25, Nazari26, Roy and
Ghosh27 and Vasudev et.al.16 and they
showed that these chemicals do alter the
courtship behaviour of D.melanogaster

To understand the extent of differences
among fitness characters such as courtship
latency and copulation latency, the pooled
data of the three tables were looked into. A
male with high vigor reacts quickly in the
presence of female while a male with less
vigor, reacts slowly28. On the other hand, it
also reflects the receptivity of females. In
the present study, significantly longer
courtship and copulation latency was
noticed in experimental treated groups
(Tables 1, 2, 3, p<0.05) indicating that males
require longer duration to attract females. It
is also known that Drosophila males with
high vigor have to perform the same
courtship act many times to a non-receptive
female than to a receptive female and vice
versa. It is clear from the results that the
treated males could not maintain high vigor

and treated females are less receptive.
According to Guruprasad et.al.29, a longer
duration permits transfer of more sperms
by males to the female genital organ. It also
enhances the fitness of the females, because
the sperm received by a female can fertilize
more eggs. In the present study, in the
treated groups, the copulation duration is
significantly less compare to control (Tables
1, 2, 3, p<0.05). Further, from these tables
it is also clear that treated females are much
more affected interms of individual acts
compared to treated males.

The non-receptive female escapes from
the courtship activities of male by ignoring,
extruding and decamping. If she decides to
accept the male, she slows down, ceases
rejection behaviors and opens her vaginal
plate for copulation30. After successful
copulation, mated females become
temporarily sexually unreceptive to further
copulatory attempts, increasing their rate of
egg-laying31. However, the present results
revealed that ignoring, extruding and
decamping behaviors of females shows
significantly increased in different treated
groups of EMS compared to controls (Figs
1, 2, 3, p<0.05). Nonetheless, these elements
are more pronounced when female is treated
(Fig-2) compared to treated male (Fig-1).
However, it is significantly expressed when
both male and female treated (Fig-3,
p<0.05).

When the data are pooled together it
is interesting to note the toxicity in terms
of increased rate of development, less
viability, less fecundity, reduced size of
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imago on one hand and effect on courtship
behavior leading to less vigor and less
receptivity on the other. All these factors
are coinciding, resulting in the effect of
EMS on fitness of D. melanogaster and thus
it can be opined without doubt that courtship
behavior can be used as a parameter of
toxicity in D.melanogaster.

CONCLUSION

In conclusion, it can be said that EMS
is harmful to D.melanogaster with a
spectrum of adverse effects on different
courtship activities, thus characterizing toxic
effects of EMS. Furthermore, especially
increased courtship and copulation latencies
and reduced copulation duration are the
indicators of reduced fitness due to toxicity
of EMS, similar to that of reduced viability.
This may lead to new direction of research
in understanding toxicity of EMS in
particular and other agents in general, on
other model organisms and humans.
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