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Abstract

Drosophila melanogaster have photoreceptors in their eyes that allow them to respond to
different light intensities. The ort' mutants have these photoreceptors, but are missing the R1-R6
rhabdomeres in them. This mutation disrupts the communication between the organisms’ lamina
cells and photoreceptors. The focus of our experiment was to compare the proportion of time
spent in different light intensities in the wild-type and ort' mutant D. melanogaster. We tested
two light intensity treatments in the arms of a T-maze: dim light intensity (< 0.05 lux) and high
light intensity (> 0.05 lux). We then recorded the time that 40 wild type and 40 ort* mutants
spent at each light intensity over 30 seconds. Our hypothesis was that light intensity will affect
the time spent under varying light conditions in the wild type and ort* mutants of Drosophila
melanogaster. We found that 73% of wild-type flies spent more than 15 seconds in the dim light
location, while only 5% of ort' mutants preferred staying in the dim light arm of the T-maze. We
used Fisher’s exact test to analyse our data, and found the difference in choice between the wild
type and ort" mutants to be statistically significant (p = 0.0001). The lack of R1-R6 rhabdomeres
affects the ort! mutants’ ability to detect dim light and relay the information to the brain and this
may cause the flies to ignore low light regions.

Introduction

Drosophila organisms have apposition eyes that contain eight different photoreceptors
per optical unit (Borst 2009). Photoreceptors R7 and R8 are located in the middle and are
surrounded by photoreceptors R1-6 (Borst 2009). The R1-6 photoreceptors are responsible for
detecting movements and low light intensities, whereas R7 and R8 regulate positive phototaxis
(movement towards light) (Gong 2012). Each photoreceptor cell has an organelle, known as a
rhabdomere. Rhabdomeres contain rhodopsin, a photopigment that senses light (Gong 2012;
Borst 2009). R1-6 cells are connected to the lamina (Figure 1), which filters signals to other

neurons (Borst 2009). Histamine is the neurotransmitter responsible for connecting R1-6 and the



lamina neurons via axon terminal communication inside the lamina (Figure 1) (Borst 2009;
Fischbach and Dittrich 1989).

Light passes through the photoreceptors creating an image from one specific point of
view (Fischbach and Dittrich 1989). Subsequently, the signal passes through different neurons
beginning from the lamina to the medulla to the lobula and finally to the lobula plate (Figure 1)
(Fischbach and Dittrich 1989). Lastly, columnar neurons connect the eye to the central brain
(Fischbach and Dittrich 1989).
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Figure 1. Image by Sanchez-Soriano et al. (2007). Adult Drosophila’s eyes are divided into four nervous areas: the
lamina (number 1), medulla (number 2), lobula (number 3) and lobula plate (number 4) (Fischbach and Dittrich
1989; Sanchez-Soriano et al. 2007).

Investigators studying Drosophila vision commonly mutate different genes to understand
how they are linked to specific visual processing tasks (Borst 2009). One of them is an ort!
mutant (lovchev et al. 2002; Oh et al. 2013). D. melanogaster flies with this mutation lack R1-
R6 rhabdomeres in the photoreceptors (Harris et al. 1976; O’Tousa et al. 1989). This mutation
results in communication problems between the lamina cells and the photoreceptors (O Tousa et
al. 1989).

D. melanogaster is a popular model organism because their genetic information,
intercellular communication and behaviour are similar to that of humans (Wixon and O’Kane
2000). Thus, they allow us to study these characteristics in order to better comprehend those of

humans (Wixon and O’Kane 2000).



Although scientists have studied D. melanogaster extensively to learn more about their
visual anatomy and physiology, and their resemblance to humans, they have done little research
on their behaviour towards visual stimuli (Borst 2009). Our research objective was to provide
more insight regarding the difference between light intensity preference in wild-type and ort*
mutant flies. In addition, we wanted to further understand how the ort" mutation might interfere
with Drosophila’s ability to sense light. Our null hypothesis was that light intensity will not
have an effect on the amount of time spent in the different T-maze arms by the wild type and the
ort" mutant of Drosophila melanogaster. Our alternative hypothesis was that light intensity will
have an effect on the amount of time spent in the different T-maze arms by the wild type and the
ort" mutant of Drosophila melanogaster.

D. melanogaster is naturally subjected to light intensities ranging from 0 to 100,000 lux
(Rieger et al. 2007). It is known that Drosophila spp. have different light preferences depending
on their life stage (Rieger et al. 2007). For example, larvae experience negative phototaxis,
meaning that they move away from light while adult flies experience positive phototaxis (Gong
2012). However, studies such as Rieger et al. (2007) have found that wild-type, adult D.
melanogaster prefer low light intensities of about 5 to 10 lux for resting. Hence, Drosophila
prefer dim light areas for leisure activities (Rieger et al. 2007). As previously discussed, ort*
mutants lack the gene responsible for having efficient connections between the photoreceptors in
charge of detecting dim light (Gong 2012). For this reason, we predicted that wild-type
Drosophila would spend more time under low light conditions than the amount of time they
spend under high light conditions. Conversely, due to the mutation in ort* flies, we predicted that
the mutants would spend the majority of time under high light conditions due to their inability to

detect low light (Gong 2012).



Materials and Methods

Before beginning our experiment, we brought 90 wild-type Drosophila and 90 ort*
mutant Drosophila into room light intensity for 60 minutes to acclimatize them. We used a T-
maze apparatus that consisted of three arms to create three distinct light intensity environments
(Figure 2A). The first arm of the apparatus was wrapped in aluminium foil and received an
average light intensity of 0.002+0.00 lux. The second arm was exposed to room light intensity of
an average of 506+38.31 lux, and the third arm was exposed to a high light intensity of an
average of 7408+163.99 lux by shining the light from a 60-Watt light bulb on the arm (Figure
2B). The variance of the light intensities was calculated based on the average light intensity of
each arm. This light bulb was positioned 10 cm above the apparatus. We closed each arm of the
apparatus with a cotton ball to prevent the flies from leaving. We used a piece of cardboard
measuring 15 cm by 15 cm to block the dim light intensity arm and room light intensity arm
from being exposed to the light from the 60-Watt light bulb. Then, we marked the place on the
apparatus where each of the light intensity regions began. The centre region of the apparatus,
which was not assigned a light intensity value, is where the flies were placed to start the
experiment. Each of the four experimenters set up the T-maze apparatus horizontally to avoid
any gravity bias.

We then rolled a die to randomly select the orientation of the T-maze for each replicate.
To bring a fly into the apparatus for each trial, we placed one end of a straw in a vial filled with
wild-type flies and the other end of the straw was brought to the centre region of the apparatus
through the room light intensity arm. We waited for the fly to travel through the straw to the
centre of the apparatus. When the fly was at the centre of the apparatus, the room light intensity

arm was closed with a cotton ball, the 60-Watt light bulb was turned on and the timer was started



for 30 seconds. We chose the set time to be 30 seconds based on the approximate experimental
length of previous studies such as lovchev et al. (2002) and Yamaguchi et al. (2010). We
measured the amount of time the fly spent in each arm and recorded these values. The criterion
for data collection was that the fly must move to at least one of the arms. Therefore, if a fly did
not move to one of the arms, that replicate was discarded. We observed and recorded the order in
which the fly visited the arms. After 30 seconds, we turned the 60-Watt light bulb off between
replicates to prevent a temperature change of the high light intensity arm and discarded the used
replicate into a separate flask. These steps were repeated for 39 additional wild-type and 40 ort*

mutant replicates.
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Figure 2. A. T-maze apparatus used to create three light intensity environments. B. Experimental setup showing the
arms of the T-maze exposed to different light intensities. We placed a 60-Watt light bulb above one arm of the
apparatus to create the high light intensity region. A piece of cardboard was included in the setup to prevent light
from the light bulb from shining on the low light and room light regions of the apparatus.

For our statistical analysis we used Fisher’s exact test. In our analysis, we compared the
time spent in the dark location (< 0.5 lux) to the time spent in the light locations (> 0.5 lux). We
combined the data of the time spent in room light intensity and high light intensity because very

few flies spent time in the room light intensity.



Results

Qualitative observations show that wild-type D. melanogaster were more active than the
ort' mutants. The wild-type D. melanogaster showed a great deal of movement both in the vials
and the T-maze by flying and climbing up the walls. During the experiment, they readily selected
a light intensity. In addition to this, they showed signs of being alert and explored their
surroundings. However, the ort' mutants were not very active in the vials, staying at the bottom.
When placed in the T-maze, the ort* mutants that selected a light intensity would often go to the
ceiling of the T-maze arm and remain there.

To determine whether the wild type and ort* mutants preferred dark locations compared
to light locations, we calculated the number of replicates that spent 15 seconds or more in the
dark location. As seen in Figure 3, the wild type spent a larger proportion of time in the dark
location (n=40, mean=18.7, SD= 11.7) than the ort' mutants (n=40, mean=1.63, SD= 6.64). The
p-value calculated from Fisher’s exact test, p = 0.0001, is less than the critical value (p = 0.05).
Of the 40 wild-type D. melanogaster used in the data analysis, 29 replicates spent 15 seconds or
more in dark conditions (73%), while only 2 out of 40 ort" replicates spent more than 15 seconds
in dark conditions (5%). Most of the ort' mutants stayed out of the dark location, with the
exception of two replicates, contributing to the large error bars in Figure 3. The wildtype seem to
have preferred the dark location over the light location, as there were 11 replicates that did not
spend more than 15 seconds in the dark location (27%).

There were 5 wild type and 22 ort! mutants that did not make a selection. These flies did
not leave the centre region of the apparatus. We did not include these replicates when analysing
our data because they did not meet the criteria of moving from the centre region and spending

time in any of the three light-intensity regions.
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Figure 3. The frequency of wild-type and ort' mutant D. melanogaster which preferred various light intensities; the
dark (< 0.5 lux) and light locations (> 0.5 lux). The vertical error bars represent 95% confidence intervals, n=40 for
wild type and n=40 for ort* mutants, p-value = 0.0001 calculated from Fisher’s exact test.

The 95% confidence intervals for wild type were found to be 18.7£3.62 seconds for the
dark location and 11.3+3.62 seconds for the light location. For the ort* mutants, the 95%
confidence intervals calculated were 1.63+2.06 seconds for the dark location and 23.9+9.81
seconds for the light location. The 95% confidence intervals for each of the wild-type samples

were the same, whereas they were different for the ort’ mutant.

Discussion

According to the results of the Fisher’s exact test, we reject the null and provide support
for the alternative hypothesis because the p-value of 0.0001 was less than 0.05. This indicates
that the wild-type and mutant D. melanogaster were significantly different in the proportion of
time that they spent in the dark region.

Our results agree with our prediction that wild-type Drosophila would spend more time
under dark light conditions than under light conditions (Figure 3). Rieger et al. (2007) found
wild-type Drosophila prefer to remain in dark areas when engaged in resting activities. Since our
experiment only involved placing one Drosophila at a time into a T-maze, with light being the

only stimulus, our results agree with those of Rieger et al. (2007). As aforementioned, wild-type



Drosophila have functional R1-6 photoreceptors that can differentiate among light intensities
(Gong 2012). Thus, their optical units correctly send histamine neurotransmitters to the lamina
cells, cascading the optical signal until it reaches the brain (Fischbach and Dittrich 1989).

As stated in our observations, wild-type Drosophila were active both in the vials and
inside the T-maze. Sclichting et al. (2014) and Bachleitner et al. (2007) mention that wild-type
flies show greater activity levels under higher light intensities. The explanation for this is that
wild-type Drosophila’s’ activity levels are lower under low light intensities because they cannot
see as well as under higher light intensities (Bachleitner et al. 2007).

In comparison, rhodopsin-lacking mutant Drosophila are less active under the same
conditions (Sclichting et al. 2014). They concluded that the discrepancy in activity levels is due
to photoreceptor mutations, perhaps in the lack of rhodopsin in these cells. Flies lacking
photopigments in the photoreceptors R1-6 cannot sense different light intensities (Sclichting et
al. 2014). Thus, their activity levels are lower than the wild-type flies that are able to sense these
light differences.

From the trend we see in Figure 3, the mutant Drosophila spent a larger proportion of
time in the light location, just as we had predicted. Since the R1- R6 photoreceptors have been
known to be responsible for detecting dim light (Gong 2012), any problem in the communication
between R1-R6 photoreceptors and the lamina cells in mutants may result in the inability to
sense the low light intensity. As a result, unlike the wild-type, which tend to move to dark light
conditions (Rieger et al. 2007), the mutant flies did not have an intention of moving to the dark
light location, they ignored the low light arm in the T-maze. Moreover, the results of Gao et al.

(2008) suggest that ort" mutant flies need to be under higher light intensity to have a phototaxic



response towards light compared to wild-type flies. This may indicate that mutant flies have an
intention to move to a location with higher light intensity.

One source of uncertainty in our experiment was the potential temperature rise in the
high light intensity arm due to the irradiance from the 60-Watt light bulb. However, we tried to
minimize this uncertainty by turning off the light bulb in between each replicate. Although we
did not measure the temperature throughout our experiment, we did not observe a trend
regarding the flies avoiding the high light intensity arm as the experiment progressed. Thus, it is
likely that the increase in temperature was not significant enough to affect the movement of the

flies to the high light intensity region.

Conclusion

Our project focused on comparing the light intensity preference between wild-type and
ort' mutant Drosophila melanogaster. Upon statistical analysis of the data collected using
Fisher’s exact test, our results indicated that the difference in time spent in the dark location
between the wild-type and ort" mutant of D. melanogaster was statistically significant because
the p-value of 0.0001 was lower than 0.05. Further research looking at the time spent in different
light intensities by other mutant strains of D. melanogaster could be conducted to better

understand the effects of light intensity on behaviour in Drosophila.
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