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Effect of yellow white Mutation on the Circadian Locomotor Activity of the Fruit Fly
Drosophila melanogaster: A Comparison to Canton S Wild-Type
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ABSTRACT

Circadian clocks regulate the physiology and behavior of most animals. Drosophila melanogaster
mutants helped more than any other animal in understanding these timing mechanisms. This study aims
to investigate the effect of the yellow white (y w) mutation on circadian behavior of D. melanogaster flies
under rhythmic cycles of light-dark (LD), constant dark (DD) and continuous light (LL) conditions.
These mutant flies suffer from disturbances in eye and body pigmentation in addition to altered neural
development and behavioral control, making them good candidates for investigating the function of the
circadian clock. The obtained results indicated that y w mutants are rhythmic in LD conditions, with
significantly higher daytime activity compared to control wild-type Canton S (CS) flies. In constant
conditions, they free run in DD with a significantly shorter periodicity (Tau) (z=23.82, SD=0.44)
compared to (z=24.59, SD=0.39) in CS, indicating a faster endogenous clock in DD, while they were
arrhythmic in LL as expected, similar to CS flies. Mutant y w flies also exhibited a crepuscular activity
pattern with two peaks of activity. The y w flies” morning peak was significantly delayed by about 2.5
hours, but ending at the same time in both groups. The evening peak was significantly advanced by about
1.7 hours. This resulted in a significant shortening of midday siesta by about 1.5 hours compared to CS
flies. Collectively, these changes resulted in a significant shift of activity towards the light-phase in the
mutant y w flies. Moreover, morning anticipation of these flies was slightly reduced and did not integrate
smoothly into the morning peak. It is possible to conclude that the altered pigmentation and neuronal
development in y w mutants has a profound effect on circadian organization of locomotor activity. These
results provide new insights for a better understanding of behaviors studied in the y w genetic
background.
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INTRODUCTION

Most organisms possess a timing regulator known as
the “Circadian clock”. It synchronizes their physiology
and behavior to the daily cycles of light and temperature
resulting from the revolution of the earth around its own
axis. This endogenous mechanism consists of an
oscillator that generates the 24-h oscillation, a
photoreceptor that entrains (=synchronizes) the clock to
the environmental light-dark (LD) cycles, and an output
system that relays the timing information to overt output
behaviors and physiological functions. These clocks
were found to exist from bacteria to humans (Saunders,
2002; Dunlap et al., 2004; Tomioka and Matsumoto,
2010). Those timing mechanisms provide the organisms
with the ability to anticipate environmental changes, and
consequently optimizing their ecological fitness
(Hughes et al., 2015).

The fruit fly, Drosophila, has been extensively used
as the primary model organism in most labs specialized
in circadian research. Its mutants helped dissecting the
circadian machinery and discovering its core
components and their roles. By screening mutants with
altered free-running periods in constant darkness (DD),
the first clock gene, period (per) was identified by
Konopka and Benzer (1971). Investigating other clock
mutants made it possible to discover other core clock
genes including, timeless (tim) (Sehgal et al., 1994),
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Clock (CIk) (Allada et al., 1998), cycle (cyc) (Rutila et
al., 1998), in addition to many others (Hardin, 2011).
The vyellow and white are famous Drosophila
mutations that are frequently used in genetic
backgrounds for developing other mutations. The yellow
(y) gene is located at the tip of the X chromosome. It is
involved in pattern-specific melanin pigmentation of the
cuticle of the adult D. melanogaster flies and the mouth
parts of its larvae. These parts become yellow
pigmented in mutant phenotypes. It may have a role in
other neural functions (Biessmann, 1985). The white (w)
gene, on the other hand, encodes a transmembrane ABC
transporter protein involved in the uptake of guanine
and tryptophan, which are indispensable precursors in
the synthesis of red (drosopterins) and brown
(ommochrome xanthommatin) Drosophila pigments
(Sullivan et al., 1974; Summers et al., 1982; Ewart and
Howells, 1998). The absence of pigments in the eye of
flies without a functional w gene results in ommatidia
without optical insulation. Their vision is impaired,
especially at high light intensities (Krstic et al., 2013)
and their photoreceptors receive about 19 times more
light than those of wild-type flies with altered
electroretinograms (Wu and Wong, 1977). Since
guanine is further required for the synthesis of
dopamine and serotonin, also tryptophan is a precursor
of serotonin (Coleman and Neckameyer, 2005), w
mutants have reduced levels and altered distributions of
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these neurotransmitters (Borycz et al., 2008).
Accordingly, mutations affecting the w function have an
impact on the neural control of various behaviors,
independent of proper eyesight (Campbell and Nash,
2001).

This study aims to elucidate the circadian clock
properties of the y w mutant D. melanogaster flies under
standard LD 12:12 cycles and their free running profiles
under DD conditions compared to the control wild-type
Canton S (CS) flies. Abnormal eye and body
pigmentation in addition to reduced levels and altered
distributions  of  clock-related  neurotransmitters
especially serotonin is expected to affect the circadian
clock, because the eyes are the main input pathway and
the neurotransmitters play a major role in the output of
the timing signals to overt rhythms. Since the y w
mutants are used frequently in genetic and neurological
studies of behavior although very little is known about
their circadian regulation, the results are expected to
provide a reference circadian locomotor activity profile
for the y w mutation in those flies, and how altered eye
and body pigmentation could possibly affect their
circadian expression.

MATERIALS AND METHODS

Experimental Animals

Adult male D. melanogaster flies at the age of 4-7
days after eclosion were collected under CO, anesthesia
and used in the experiments. The wild-type Canton S
(CS) strain that was isolated from a wild strain near
Canton, Ohio, in 1930 (Bridges and Brehme, 1944) used
as a control and the yellow white (y w) mutants were
obtained from the University of California San Diego
Drosophila Species Stock Center (DSSC). All flies were
reared on standard cornmeal/agar medium with yeast
(0.85% agar, 2.2% sugar beet syrup, 8% malt extract,
3.3% vyeast, 1% soy flour, 8% cornmeal and 0.3%
propionic acid) in conventional 1.2x9 cm food vials at
25°C and kept on a light-dark cycle of 12:12 hours (LD
12:12) in a humidity and temperature-controlled climate
chamber (Schlichting et al., 2014). They were
transferred to fresh food vials every week during light
phase without anesthesia.

Locomotor activity recordings

Flies were placed individually in glass recording tubes
(5 mm x 65 mm) with an air penetrable porous plug at
one end and agar/sugar food (2% agar and 4% sucrose)
on the other end inside a Drosophila Activity Monitor
(DAM2; TriKinetics Inc., Waltham, MA). This system
consists of activity monitors that can simultaneously
record the activity of 32 individual flies, an interface
device and software for computerized data collections.
An IR light beam crosses the tube and is detected by a
photodetector on the other side. The software
automatically generates text files in which the number
of beam crosses is saved in 1-min time span for each
individual fly. This assay is currently the most common
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behavioral assay in flies (Schlichting and Helfrich-
Forster, 2015). The monitors were placed in a light box
with white LEDs (Lumitronix LED-Technik GmbH,
Jungingen, Germany) set at its roof to emit light down
the tubes through neutral density filters (Lee Filters
Worldwide, Andover, UK) for fine-tuning of light
intensity. The light intensity used in all experiments at
the animal’s level was 100 Lux (19 zW/cm?). Lights-on
and -off were controlled by a controller software
(Trikinetics, Waltham, MA). Behaviors were recorded
in a climate-controlled chamber at 20°C under two
different light conditions. In the first eight days, a
rectangular light-dark cycle of 12 h light and 12 h dark
(LD 12:12) then followed by a week in complete dark
(DD) or a week in continuous light (LL). 32 CS and 31
y w flies survived in (LD12:12 then DD) while 30 CS
and 32 y w survived in (LD 12:12 then LL) for the entire
experiment and were used to analyze behavior.

Data analysis

Raw data collected in Microsoft Excel 2010
(Microsoft Corp., Redmond, WA) were used to draw
double-plotted actograms using ActogramJ
(http://actogramj.neurofly.de/) (Schmid et al., 2011); a
plugin for ImageJ open-source software
(http://rsb.info.nih.gov/ij), a freely available package for
data analysis in life sciences.

Flies became adapted to the LD cycles in the
recording monitors and their activity rhythm stabilized
within 1 day, therefore, the first two days of recordings
were excluded to make sure that only data of stable
rhythm are included in the analysis. Activity patterns of
individual flies were analyzed by Chi-square
periodogram analysis (Sokolove and Bushell, 1978) to
determine whether the flies showed significant
rhythmicity in their behavior under entrained (LD)
and/or constant conditions (DD and LL) and to measure
their periods “Tau” (t) under the free-running intrinsic
day at 0.05 level of significance. Average day activity
of all flies of each line were calculated and plotted over
the number of entrained days for stably entrained flies.
Average daily locomotor activity profiles of
individually tested flies were plotted as 30-min bins,
each represents the sum of activity within 30 minutes,
and the phase of morning peak (M), siesta (S) and
evening peak (E) was determined manually. This
enabled reliable determination of peak onsets and
offsets, because raw data at the high resolution of 1-min
interval are often noisy. The M and E peaks of activity
were considered to start when the activity increased
gradually around the lights-on and —off, respectively,
until reaching a peak then coming down again to a base
line activity. The siesta (S) is the steady activity at the
base line in the middle of the light phase between the M
and E peaks, which equals (E activity onset — M activity
offset). To determine the timing of the peaks, the
average day activity was smoothed by a moving average
of 11 extending five time points before and after each
time point. Consequently, randomly occurring spikes
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are reduced and the real maximum of the fly’s activity
can be determined. The morning anticipation index (Al)
was calculated by the sum of activity within the last 3
hours of night phase divided by the sum of activity
within the last 6 hours of night phase (Sheeba et al.,
2010). All data were analyzed and plotted using
Microsoft Excel (2010) and SPSS Statistics for
Windows, Version 22.0 (IBM Corp., Armonk, NY).

RESULTS

Locomotor activity rhythms in (LD 12:12)

The general locomotor activity profiles of mutant y w
D. melanogaster flies under (LD 12:12) conditions and
a temperature of 20°C were very similar to that of
control wild-type CS flies (Fig. 1). However, Student t-
test revealed that, daytime activity during the light
phase (ts;=10.61, p<0.0001) and the total day activity
(ts1=7.13, p<0.0001) is significantly higher in mutant y
w flies, but nighttime activity during the dark phase is
not significantly different (t5;=1.71, p=0.093; NS)
between the two fly lines (Fig. 2).

Double-plotted actograms of representative flies
displaying locomotor activity rhythms under (LD 12:12)
are shown in (Fig. 4; the first six days). Chi-square
periodogram analysis confirmed the entrainment to the

3.5 1 3.5

£ 3.0 3.0 -

25 4 25

2.0 1 2.0

1.5 1 1.5 1

1.0 1.0

~ % 0.5 1 05 1
" 0.0 - A 00

ZT18 ZT0 2ZT6é ZT12 ZT18 zT0 ZT6é ZT12

Figure (1): Average circadian locomotor activity rhythms of
control wild-type CS and y w mutant D. melanogaster flies
under light-Dark cycles of (LD 12:12) and a temperature of
20°C for 6 days. Zeitgeber time 0 (ZT0) and 12 (ZT12)
indicates the beginning of the light phase and the dark phase
and coincides with 6:00 AM and 18:00 PM Egypt Standard
Time, respectively. Locomotor activity is represented on the
y-axis as the mean infrared beam crossings per minute by a
thick black line; the (Mean), with (Standard Error of Mean)
represented by two thin lines above and below the mean.
Black and white bars above the figures indicate dark and
light phases of the LD cycle, respectively. Grey shadings
inside the graphs also represent dark phases of the LD cycle.
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(LD 12:12) cycles with a periodicity of 24 h in both CS
and y w flies; representative results are shown in Figure
(6 Aand D).

Intrinsic clock free-running in constant conditions

To investigate the effect of y w mutation on the state
of the endogenous clock, locomotor activity profiles
were recorded after releasing the flies in constant
conditions of complete dark (DD) or continuous light
(LL) for one week after 8 days in (LD 12:12). In DD, y
w flies showed a functional internal clock that free run,
although with a significantly shorter periodicity
denoting a higher speed clock (r=23.82, SD=0.44,
n=31) compared to the control wild-type CS (z=24.59,
SD=0.39, n=32); a Student t-test confirmed this
observation (ts;=7.30, p<0.001) (Fig. 3). Double-plotted
actograms of representative flies displaying free running
in DD are shown in (Fig. 4). Representative free-
running periods in DD conditions were calculated by a
Chi-Square periodogram analysis (Fig. 6 B and E). In
LL, both y w (n=32) and CS (n=30) were 100%
arrhythmic according to the periodogram analysis (Fig.
6 C and F), in which the periodicity of all flies failed to
exceed the significance level of 0.05. Double-plotted
actograms of representative flies displaying arrhythmic
locomotor activity in LL are shown in Figure (5).
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Figure (2): Comparing locomotor activity during daytime,
nighttime and the total daily activity between control wild-
type CS and mutant y w D. melanogaster flies under
laboratory conditions of (LD 12:12, 20°C). Daytime and
total day activity is significantly higher in mutant y w flies,
but nighttime activity is not significantly different.
Locomotor activity is expressed in count of infrared beam
crossings in the “TriKinetics Drosophila Monitoring
System”. Error bars represent standard error of mean; data
in the graph is (MeanzSE). * Indicates a significant
difference (t-test, p<0.05).

Figure (3): The free running period t (Tau) in total dark (DD)
of mutant y w Drosophila melanogaster flies (n=31) is
significantly shorter than that of the control wild-type CS
flies (n=32). Error bars represent standard deviation of
mean; data in the graph is (MeantSD). * Indicates a
significant shortening of the free-running period in the y w
flies compared to control CS (t-test, p<0.05).
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Figure (4): Double-plotted representative actograms for the
circadian locomotor activity rhythms of control wild-type
CS (n=32) and mutant y w (n=31) Drosophila melanogaster
flies recorded under (LD 12:12) for the first 6 days followed
by free-running in total dark (DD) from day 7 to day 12.
Black and white bars above the figures indicate the dark and
light phases respectively. Shaded areas inside the figures
also indicate dark phases. The black arrowhead at day 7
represents the start of release into total dark (DD) free-
running conditions. Zeitgeber times (ZT) are indicated on
top of the figures, with ZTO and ZT12 marking the
beginning of the light and dark phase respectively for the
first 6 days in (LD 12:12). The two parallel oblique lines in
the DD phase indicate longer free running period 7 in CS
compared to y w flies.
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Figure (5): Double-plotted representative actograms for the
circadian locomotor activity rhythms of control wild-type
CS (n=30) and mutant y w (n=32) D. melanogaster flies
recorded in (LD 12:12) for the first 6 days followed by
continuous light from day 7 to day 14. Black and white bars
above the figures indicate the dark and light phases,
respectively. Shaded areas inside the figures also indicate
dark phases. The white arrowhead at day 7 represents the
start of release into continuous light (LL) conditions, in
which both fly lines were arrhythmic. Zeitgeber times (ZT)
are indicated on top of the figures, with ZTO and ZT12
marking the beginning of the light and dark phase
respectively for the first 6 days in (LD 12:12).
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Figure (6): Representative Chi-Square Periodogram analysis
of control wild-type CS and mutant y w D. melanogaster
flies at 20° C in LD 12:12 (A and D), total dark “DD” (B
and E), continuous light “LL” (C and F). Flies were
entrained to the 24-hour cycle in LD 12:12, free-running in
DD with a periodicity of (24.59+0.39, n=32) and
(23.82+0.44, n=31) for CS and y w flies, respectively, while
they were arrhythmic in LL. The dashed lines in the
periodograms indicate the 0.05 level of significance.

Peak analysis

Analysis revealed that both CS and y w flies have a
normal crepuscular activity rhythm that is bimodal with
two peaks of activity. The morning peak (M) starts
before the light phase and gradually increases until
reaching a maximum then gradually decreases to a base
line activity. M is followed by a siesta (S), which is the
base line activity during the afternoon between the
offset of the morning peak and onset of the evening
peak (E) that starts with a continuous gradual increase
in activity after the afternoon siesta and offsets around
lights-off. The two fly lines appeared similar in their
general activity pattern although some differences
appeared in the onset, offset and duration of each
activity phase (Figures. 7 and 8).

In the following, the locomotor activity of 32 CS and
31 y w flies was analyzed using Student t-test and
reported as (Mean £SD). It revealed that the M peak of
CS flies in average starts (3.24+0.95) hours before
lights-on, while the y w flies start only (1+0.34) hour
before lights-on (t;=9.73, p<0.0001) (Fig. 7a). On the
other hand, the M peak offsets nearly at the same time
after lights-on for both CS (2.66+0.97) and y w
(2.69£1.95) flies (t;=1.16, p=0.25; NS). The length of
the M peak is significantly longer in CS (5.8911.4)
hours, while it is only (3.69+1.16) Hours in y w flies,
(t5;=6.88, p<0.0001) (Fig. 7c).
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The maximum activity recorded in a 30-min bin
during the M peak was also significantly earlier in CS
(18.75+9.31) minutes before lights-on, while iny w it
occurs (6.56+£15.58) minutes after lights-on, (tg;=2.65,
p<0.01) (Fig. 7b).

For the midday siesta (S), the two fly lines started to
rest nearly at the same time; CS started (3.22+0.81)
hours after lights-on, while y w started theirs
(3.28+1.87) hours after lights-on; (ts;=1.76, p=0.08;
NS). At the offset of S, they differed again, the y w flies
ended their rest significantly earlier (6.23+2.39) hours
after lights-on, while CS needed about 1.5 hours more
rest to end their S at (7.73%1.22) hours after lights-on;
(ts1=4.15, p<0.0001) (Fig. 7d). Consequently, the S
length for CS flies was significantly longer (4.52+1.54)
hours than that of y w flies (2.95£1.40) hours; (t5;=4.06,
p<0.0001) (Fig. 7e).

For the E peak, the CS flies started (3.61£1.11) hours
before lights-off, while the y w flies started about 1.7
hours earlier at (5.30+£2.48) hours before lights-off;
(t2=5.04, p<0.0001) (Fig. 7f). The two fly lines ended
their E peak after lights-off, with the y w flies being
earlier only at (18.75%34.44) minutes after lights-off,
while the E of CS lasted significantly longer, about
double, that time at (39.38+37.69) minutes after lights-
off; (t5:=3.07, p<0.01) (Fig. 7h). The maximum activity
in a 30-min bin during the E peak occurred before the
lights-off in both fly lines, although significantly earlier
in the y w flies at (1.66+3.22) hours before lights-off,
while it was much closer to the lights-off in CS flies at
(14.06£22.84) minutes before lights-off. The length of
the E peak for the CS flies was (4.27+1.30) hours, that is
about 45-min shorter than in y w flies (4.98+1.33) hours,
a shortening that was found significant (t5;=3.02,
p<0.01) (Fig. 7i).
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Figure (7): Analysis of locomotor activity peaks of control
wild-type CS and mutant y w D. melanogaster flies under
LD 12:12 and 20°C for 6 days. The floating bars display the
average onset, duration and offset of “Morning peak” (M),
midday siesta (S) and evening peak (E) analyzed on a 30-
min resolution scale for CS (n=32) and y w (n=31) flies.
Error bars at the start and end of each period represents
standard deviation (SD) of the duration of each activity
period. * Inside floating bars indicate the maximum activity
of a 30-minute bin (Note that Lights-on and —off peaks are
not considered here). Similar letters (a,b,d,f,g,h) indicate a
significant difference between the start, maximum and end
points of each activity phase of the two fly lines, while
letters in parentheses (c,e,i) indicate a significant difference
in the length of each activity period. On the X-axis, the 24-h
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day is represented in minutes at a 120-min resolution with
key Zeitgeber times ZTO0 and ZT12 indicating the start of
the light and dark phase of the (LD 12:12) cycle,
respectively. The dark phase is further indicated by shading
inside the main chart area.

Morning anticipation

Calculating the morning anticipation index (Al) using
“Harrisingh’s individual index” method (Harrisingh et
al., 2007) showed that the Al of CS (0.77+0.11) and y w
flies (0.73£0.23) is not significantly different; (t5;=0.89,
p=0.38; NS) (Fig. 8A). However, calculating the ratio
between the activities of 3 hours after and before lights-
on revealed a lower homogeneity of the M peak and
higher skew towards the light phase in the y w flies
compared to CS. Nevertheless, this ratio for the CS
(2.07+2.4) and that of y w (17.04+44.20) was also not
significantly different (t5;=1.92, p=0.06; NS) (Fig. 8B).
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Figure (8): Morning anticipation (Al) and morning (M), siesta
(S) and evening (E) activity phases of the control wild-type
CS and mutant y w D. melanogaster flies under (LD 12:12)
and temperature of 20°C. (A) Shows non-significant
difference in Al between the two lines when calculated by
Harrisingh’s et al. (2007) individual index method. (B) The
ratio of 3 hours of activity after/3 hours before lights-on.
(C&D) are representative activity profiles from the two fly
lines at a resolution of 30-min bins and illustrates the onset
and offset of the M, S and E (dashed lines) in addition to
the morning anticipation (black arrow head). Key Zeitgeber
times; ZTO marks the start of light phase at 360-min, while
ZT12 marks the start of the dark phase at 1080-min from the
beginning of the day. Gray shading also highlights the dark
phase. The two dark 30-min activity columns at 360 and
1080 minutes is the activity at lights-on and lights-off,
respectively.

DISCUSSION

Many animals show two activity bouts, one in the
morning (M) and the other in the evening (E). This
pattern of behavioral organization evolved primarily to
survive the seasonal environmental changes that affect
organisms. Circadian clocks optimize animal activities
under long and hot summer days to avoid the high
temperature of midday by shifting the activity to the
morning and late evening or even the night. While in
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short cold days in spring and autumn, it is favorable for
the animals to be active during the warmer intervals of
the day, by bringing the two peaks closer together and
reducing the midday siesta (Yoshii et al., 2012). A dual
oscillator model was proposed to explain this regulatory
mechanism in which the timing of the M and E activity
peaks is controlled by M and E clock neurons in the
fly’s brain (Helfrich-Forster, 2014). In this study, the
effect of y w mutation in the fruit fly D. melanogaster
on the circadian locomotor activity under rhythmic and
free-running conditions was investigated.

Under rhythmic cycles of 12 hours light: 12 hours
dark (LD 12:12), y w flies maintained robust
rhythmicity and exhibited a generally similar circadian
activity pattern to CS flies. However, their activity was
significantly higher during daytime (light phase), as
their M peak delayed and E peak advanced compared to
wild-type CS (Figs. 1, 2 and 7). The y w mutation was
also found to affect the speed of the endogenous clock.
The release of flies into constant dark conditions
resulted in a free running with a periodicity that is
significantly shorter than the control wild-type CS flies
(Figures 3 and 4). On the other hand, in continuous light
(LL), y w flies were arrhythmic similar to CS flies
(Figures 5 and 6). This arrhythmicity is because the
blue-light photopigment CRYPTOCHROME (CRY)
interacts in a light-dependent manner with the
TIMELESS (TIM) protein, leading to its permanent
degradation under LL and consequently to the arrest of
the clock (Busza et al., 2004; Helfrich-Forster, 2014).

Analysis of onsets, offsets and durations of M and E
activity peaks and the resting midday siesta revealed
significant effects of y w mutation compared to control
wild-type CS flies. The y w flies started their M activity
later than CS, shifted their maximum activity even after
lights-on, but ended their M peak at the same time as
CS. These changes led to a shorter M peak that is
significantly delayed and shifted towards the light phase
(Fig. 7a,b,c and 8). The midday siesta starting nearly at
the same time in both y w and CS, but ended
significantly earlier in the y w flies, leaving the CS with
a significantly longer siesta (Figures 7 (d and €) and 8).
Having their siesta ended earlier, the y w flies also
started, reached a maximum and ended their E activity
peak significantly earlier than CS (Figures 7 (f, g and h)
and 8). Therefore, the whole E peak was significantly
shifted towards the light phase, similar to the M peak
that was delayed to shift also towards the light phase.
Moreover, the length of the E peak in y w flies was
significantly longer than in CS flies (Figures 7i and 8).
Therefore, the y w flies appears more diurnal, having M
delayed and E advanced to occur mostly in the light
phase with a shorter siesta in midday. Results suggest
that the disturbed pigmentation and disturbed neural
control due to the y w mutation led the y w flies to shift
their activity to the light phase probably to compensate
for their poor eyesight (Campbell and Nash, 2001).

The morning anticipation is usually considered an
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indicator for clock-controlled activities. The results
indicate that it has not been significantly affected by the
y w mutation. Using Harrisingh’s et al. method to
calculate the anticipation index (Al) revealed no
significant difference between CS and y w flies.
However, the actograms and average activity profiles
showed a much reduced anticipation in y w flies (Fig. 8
(C and D)). The reason for that is the highly suppressed
activity of y w flies at the 3 hours after midnight. So,
comparing the low activity in the 3 hours before lights-
on with the 3 hours before them, in which the activity is
highly suppressed and the y w flies barely move, caused
them to appear with a good morning anticipation, which
is slightly deceptive. However, comparing the
homogeneity and logical gradual increase then decrease
after reaching a maximum activity that smoothly builds
the M peaks reveals that they are much more nicely
built in CS compared to y w flies. To quantify that, the
ratio between the 3 hours of activity after lights-on to
the 3 hours before lights-on was calculated. In 'y w flies
it was about 17 times higher compared to only 2 times
higher in CS flies (Fig. 8B), making the M activity
peaks of y w flies much skewed towards the light phase,
with the morning anticipation appearing tiny compared
to the activity after lights-on (Figures 1 and 8 (C and
D)). In other words, the morning anticipation of y w
flies looks unnatural and does not integrate smoothly
into the M peak compared to CS flies. So, although y w
mutation does not significantly obliterate morning
anticipation, it severely reduced it.

It could be concluded that the altered pigmentation
and neuronal development in y w mutants has a
profound effect on circadian organization of locomotor
activity of D. melanogaster. These results provide new
insights for a better understanding of behaviors studied
in the y w genetic background. Moreover, prospective
similar studies on pests would optimize insecticide and
pest management applications with respect to more
precise timing of pest activity, leading to economically
efficient protocols and reduced toxicity to the
environment.
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