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Abstract

Drosophila melanogaster is an emerging model to study different aspects of social interactions. For example, flies avoid areas previously
occupied by stressed conspecifics due to an odorant released during stress known as the Drosophila stress odorant (dSO). Through the use of
the T-maze apparatus, one can quantify the avoidance of the dSO by responder flies in a very affordable and robust assay. Conditions necessary
to obtain a strong performance are presented here. A stressful experience is necessary for the flies to emit dSO, as well as enough emitter flies
to cause a robust avoidance response to the presence of dSO. Genetic background, but not their group size, strongly altered the avoidance of
the dSO by the responder flies. Canton-S and Elwood display a higher performance in avoiding the dSO than Oregon and Samarkand strains.
This behavioral assay will allow identification of mechanisms underlying this social behavior, and the assessment of the influence of genes and
environmental conditions on both emission and avoidance of the dSO. Such an assay can be included in batteries of simple diagnostic tests
used to identify social deficiencies of mutants or environmental conditions of interest.

Video Link

The video component of this article can be found at http://www.jove.com/video/52011/

Introduction

The goal of this method is to easily quantify a new aspect of simple social behavior in Drosophila melanogaster, independent from courtship and
aggression.

Social interactions are crucial to the proper development and health of individuals within a society, as well as the functionality of a social group
as a whole. The high complexity of these interactions necessitates large sample sizes and a system that allows for simplification of the behavior
as the genetic and neural bases of social behavior are still poorly understood. Drosophila melanogaster is a powerful genetic model that can be
used to identify the genetic and neural bases of social interactions. Indeed, D. melanogaster has a repertoire of complex social behaviors and
some direct measurements of socialization have already been done1-7. However, most of these efforts have been focused on relatively complex
social behaviors, such as aggressive interactions3,6, various aspects of courtship3,8-12, and how social experience affects other behaviors such
as learning, or circadian rhythm13-17. In addition, many of these assays rely on analyzing complex interaction patterns of groups of flies, using
video tracking and computer software to analyze the resulting abundance of data. Such analyses are invaluable, and lead to important new
insights such as the dynamic of fly-fly interactions in groups7. One limitation, however, is the inaccessibility of these assays to the community at
large, and the limited knowledge of the mechanisms underlying recognition of others. In other words, the basis of the emission of a signal by one
individual and its recognition by another is still poorly understood18.

In contrast, flies also exhibit a simple behavior, social avoidance, where individuals move away from a signal emitted by stressed flies: the D.
melanogaster Stress Odorant or dSO19. In a high-throughput assay, this behavior can be quantified as the avoidance of a stress signal emitted
by other flies, or social avoidance19. Flies are placed in a T-maze apparatus and given the choice to avoid a vial containing dSO. Using this
assay, CO2 was shown to be a component of the dSO, and part of the neural circuitry necessary to respond to CO2 was dissected19.

The social avoidance assay presented here is similar conceptually to the simple behavioral assays developed in Seymour Benzer’s laboratory
that enabled generations of researchers to dissect complex behaviours20. Analysis of social avoidance can be carried out cost-effectively using
the T-maze assay, allowing for more widespread study of social behavior. For example, using this assay we recently demonstrated that different
genetic risks for autism have contrasting effects in social behavior assays. Mutants for a candidate gene for autism — neurobeachin21,22 —
present deficiencies both in social space (described elsewhere23) and social avoidance24. Abnormal dopaminergic signaling is also proposed
to play a role in the etiology of autism in humans25,26. In contrast to the results obtained with neurobeachin, we found that social avoidance
performance was unaffected by increased or decreased levels of the Drosophila Vesicular Monoamine Transporter (VMAT) in dopaminergic
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cells, although social space was directly correlated to these levels of VMAT27. The contrasting results obtained with neurobeachin and VMAT
underscore the possibility of identifying various forms of asocial behavior, and thus the different underlying neural circuitries modulating the
response to others.

Protocol

1. Equipment and Reagents Created In-house (See List of Material for Others)

1. Prepare a Drosophila cold anesthesia apparatus to perform fly work.
1. Cut a porous polyethylene sheet to cover a small plastic box (12.7 cm long, 10.2 cm wide), typically the top cover of a pipette tips box

(12.7 cm long, 10.2 cm wide, 3.8 cm deep).
2. Fill the box with crushed ice, cover with the porous polyethylene sheet. 

2. Prepare a T-maze apparatus; adapt the apparatus previously described in details 28-31.
3. Prepare a fly aspirator as described 32.
4. Prepare a phototaxis response apparatus to displace flies in and out of test vials without stress:

1. Use a countercurrent apparatus, as described by29,33.

NOTE: The T-maze can also be used for other purposes, as described by28.

5. Ensure homogeneous lighting conditions: perform the experiment on a bench covered with a white bench cover, and in front of a white board.
 

NOTE: For these experiments, the fly strains used were Drosophila melanogaster wild-types: Canton-S, Oregon and Samarkand flies from
our laboratory stocks34; Elwood flies were collected in Fall 2011 in the Elwood neighborhood of Huntington, on Long Island, New York, USA.

2. Preparing the Flies before the Experiment

1-2 days before performing the experiment: 

1. Maintain flies on standard cornmeal-agar-molasses-yeast medium at 25 °C on a 12 hr light/dark cycle.
2. Collect the responder flies under cold anesthesia 1-2 days prior to performing the experiment

1. Transfer the flies from the bottles in which they have been raised into 50 ml Falcon tubes, using a funnel.
2. Place the falcon tube with the flies under ice level, into an insulated ice bucket.
3. Place the cold anesthesia apparatus with crushed ice at -4 °C to chill.
4. Wait 5 min for the flies to enter a chill coma.
5. Transfer the flies onto the porous polyethylene sheet of the cold anesthesia apparatus.
6. Collect the responder flies on the cold anesthesia apparatus. At RT, under a stereomicroscope, separate 3-7 days old male from

female flies and maintain these flies in groups of 40.

3. Collect the emitter flies 1-2 days prior to performing the experiment.
1. Gently collect Canton-S mixed-sex flies from their bottles, using a mouth aspirator, controlling for their number.
2. Maintain these flies in group of 60-100, as they will be the emitters.
3. Prepare as many samples of emitters as data points needed.

4. Allow at least a night of recovery after collection of the responders and emitters, to minimize any confounding effect of the cold anesthesia
and mouth aspirator collection on behavior.

5. Open the bag of test vials, to allow for the stale plastic-smelling air in the bag to be replaced by fresh air, at least 1 day prior to the
experiment.

2 hr before performing the experiment:

6. Ensure that the temperature in the room in which the experiment is performed is around 23-25 °C, with even light, and humidity above 30%.
7. Transfer the responders and emitters fruit flies into fresh food vials to ensure that these flies are not starved.
8. Let the fruit flies adjust to the environment for 2 hr, on the bench on which the experiment will be performed.

3. Performing the Social Avoidance Experiment

1. Perform each experiment at the same time of the day, in a range of 3–4 hr in the afternoon between Zeitgeber time ZT5 and ZT9.
2. Place the T-maze on the pounding pad, and tighten the screw clip so the elevator is stable.
3. Transfer the responder flies into a fresh test vial. Snap this vial containing the responder flies onto the top part of the T-maze.
4. Slant the T-maze apparatus and tap it on the pounding mat so the fruit flies fall in the elevator.
5. Move the top part of the elevator down so the flies are between the top and bottom section of the T-maze, but pay attention to keep the

elevator above the choice point – to prevent the flies from escaping.
6. Obtain vials with dSO (see Section 5 to generate dSO-free vials that were previously occupied by flies).

1. While the responder flies are adjusting to this new environment, place the emitter flies in a test vial.
2. Place a piece of cotton to close the vial so the fruit flies do not escape.
3. Mechanically agitate this vial on a mini-vortex as follows: vortex for 15 sec, remove the vial from the vortex for 5 sec. Repeat 3 times for

a total of 55 sec.

http://www.jove.com
http://www.jove.com
http://www.jove.com


Journal of Visualized Experiments www.jove.com

Copyright © 2014  Journal of Visualized Experiments December 2014 |  94  | e52011 | Page 3 of 8

4. Remove the emitter flies out of the fresh vial — by transferring in a food vial — and quickly place this dSO filled vial into one of the two
sides of the T-maze apparatus.

5. Alternate the side of placement for the dSO filled vial in each new run.

7. Place a fresh test vial on the other side of the T-maze.
8. Bring the elevator completely down, so the fruit flies can chose between the fresh test vial and the test vial with dSO, and start the timer.
9. Let the flies choose between the fresh vial and the dSO vial, for 1 min, unless noted otherwise.
10. After 1 min, move the elevator up to separate the flies in the fresh vial, dSO vial, and those stuck in the elevator.
11. Count the number of flies in each vial, and in the elevator.
12. Repeat this for each genotype/condition.

4. Analyzing the Social Avoidance Data

1. Count the number of fruit flies in each vial for each genotype, and transfer the data to a spreadsheet.
2. Using a spreadsheet program, calculate the Performance Index (PI) for each genotype by subtracting the number of flies in the dSO vial from

the number of flies in the dSO-free vial, and then dividing by the total number of flies.
3. Compare the PIs’ means using statistical analysis software for analysis of the results.

1. Ideally, prepare 2-3 internal repeats for each experiment, and 3 independent repeats, performed on different days, with different bottles
or crosses30.

2. Use Gaussian distribution statistical tests, as the data follow a normal distribution.
3. When testing one effect (i.e., density — Figure 2), use a one-way ANOVA, with post-test for multiple comparison (column by column),

or a simple t-test to compare each result to a control.
4. When group experiments are performed, test both conditions and genders (empty vials, stressed and un-stressed flies; and gender

effect — Figure 1), using a two-way ANOVA.

5. Generate Vials Previously Occupied by Unstressed Flies — Perform Instead of 3.5 to 3.6

1. Use phototaxis to prepare vials occupied by flies that have not been stressed, as a control.
2. Transfer the flies in a test vial, and snap it into the countercurrent apparatus, with fresh empty vials in the opposite location.
3. Lay the apparatus horizontally with the distal vial directly in front of a 15 W fluorescent cool-white light, and cover with a black cloth.
4. Let the flies gently move in the fresh vial. This might take several minutes. Once most of the flies are walking toward the light in the distal vial,

start the timer for 1 min.
5. Gently remove the black cloth, switch the location of the light, recover with the black cloth, and allow the flies to leave the test vial.
6. At that time, initiate the choice experiment as in 3.2 to 3.5. Skip 3.6 and 3.7.
7. Move the slider of the apparatus, to separate the flies that vacated the test vial from the other side.
8. Use the vacated test vial in the T-maze right away for the choice experiment, as in 3.7.

Representative Results

The social avoidance assay is a robust test quantifying the ability of Drosophila melanogaster to recognize a stress signal (dSO) emitted by
other flies, and thus assessing one aspect of social interactions. The assay is performed using an apparatus commonly used in various behavior
assays known as a T-maze, which present the flies with a choice between two different options — left or right19,28-31. In this case, the efficiency at
which the flies avoid the dSO is quantified by calculating and comparing their performance Index (PI). A PI of zero indicates a 50-50 distribution
or no avoidance, while a PI of 100 indicates that all the flies avoided the dSO. And a PI of -100 would indicate that all the flies went inside the
dSO vial.

The flies are presented with a vial containing dSO emitted by mechanically agitated flies, and one fresh (dSO-free) vial. Representative results
presented here underscore the strength of this assay, as well as some known conditions necessary to obtain best results.

Avoidance of dSO is not sex specific but depends on flies being stressed. The sex of responder flies has no effect on their avoidance of dSO
(Figure 1). However, it is not sufficient for flies to have occupied the test vial to elicit an avoidance of that vial, the flies must have been stressed
— in this case mechanically agitated (Figure 1). If no flies had occupied the test vial, or if the flies have entered and exited the vial without stress
using phototaxis, the responders elicit no preference as was previously reported19.

Although Figure 1 reproduces known results, it is also an example of the kind of data obtained with sub-optimal conditions. With only 2 to 5
internal repeats, and no independent trials, the error bars represent the range. However, there is a significant difference between vials previously
occupied by stressed flies and non-stressed flies or empty, as previously reported19. In this context, the flies still display a strong PI of avoidance.
This underscores the robustness of the assay. In addition, the PI for the choice between two fresh vials is negative (different from 0, for females
p < 0.05, and pooled sex p < 0.01). This indicates a preference for one side of the T-maze, or a bias due to a small sample size. This limitation
can be countered by alternating the side on which the test vial is placed on the T-maze in the internal replicates, as done in the subsequent
experiments presented.

Despite the lack of sex effect in the response to the dSO, responders were separated by sex to prevent possible confounding effects. For
example, in the case of mutations that could have sex-specific effects, such as those affecting genes involved in olfactory signaling36. The
following representative results focus on male responders, and mixed sex emitters.

Avoidance of dSO is independent of the number of responder flies tested.
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Previous experiments19 have used a standard of 40 Canton-S flies in testing social avoidance, which showed a high PI, indicating that most flies
preferred the fresh dSO-free vial. To test the effect of group size on the PI of the responders, a range of 10-80 flies was assayed, as seen in
Figure 2. A minimum of two independent trials and three internal replicates per trial was performed. A t-test showed no statistical significance
when comparing the PI of each of the different number of responder flies to the performance index of the control (forty responder flies). Thus,
the number of responder flies has no effect on the PI of dSO avoidance and the effect that mutations have on avoidance can be tested even if
mutants are available in small numbers.

Higher number of emitters flies leads to higher avoidance of dSO.

To determine the extent to which the number of emitter flies affected the dSO and its avoidance, we also tested the effect of amount of stressed
flies. In past experiments19, and this protocol, have used a standard of 70 Canton-S flies. We now tested 10 to 160 emitter flies (Figure 3). The
performance of avoidance is directly related to the number of emitters, although there is no increase in avoidance with more than 80 emitters.
Interestingly, a substantial avoidance was still detected with only 10 stressed flies. Again, this would allow testing the emission capabilities of few
flies at a time.

Genetic background affects the dSO avoidance performance.

Drosophila melanogaster is a strong model organism for genetic studies. Thus it was important to determine whether the assay could be used
to discriminate different genetic backgrounds. The response of four different wild types was measured (Canton-S, Oregon-R, Samarkand and
Elwood) with respect to their avoidance of dSO emitted by Canton-S (Figure 4). Canton-S and Elwood have a higher PI compared to Oregon
and Samarkand (p < 0.05). These results demonstrate that there is a genetic component underlying the avoidance of the dSO, and that this
assay has the power to perform a study of this genetic influence.

Length of choice time affect performance.

The set of representative data presented in Figures 1, 2, 3 and 4 also illustrate the effect of length of time given to the responders to decide
which vial they avoid. When Canton-S responders are given 30 to 45 sec to choose their preferred vial, they typically reach performances around
PI = 55 (Figure 2, respectively PI males = 57 ± 2; and 52 ± 11). When given 60 sec, their performance is higher, as seen in Figure 4 (PI = 77 ±
6.5).

 

Figure 1. Avoidance of dSO is not sex specific but depends on flies being stressed. Bar graphs represent the average ± range of the PI
of avoidance of a vial the stress odor left by agitated flies (dSO). Males (in red), and females (orange) were tested together (brown), and then
counted after the experiment. The flies performed similarly, regardless of their sex (two-way ANOVA). But they only avoided a dSO-filled vial in
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which flies had been previously stressed (mechanically agitated), and not a vial in which flies had not been stressed (entering and exiting the
vial by phototaxis, p < 0.05, Tukey’s multiple comparison post-test), or fresh vial (p < 0.001, Tukey’s multiple comparison post-test). In addition,
there was no statistical differences between the fresh vial and non-stressed flies conditions, despite a bias the fresh vial experiment — n =
2-5 replicates with 40 mixed sex flies each, with 45 sec choice time (n = 3 for fresh vials, n = 2 for vial with non-stress files, n = 5 for vial with
stressed flies).

 

Figure 2. Avoidance of dSO is independent of the number of flies tested. Representative data shows that the number of Canton-S
responder flies in the T-maze has no effect on social avoidance of the dSO. Responder flies were given 30 sec to decide between a fresh
vial and a vial containing dSO (n = 2-6 internal replicates per trial, 1-2 trials, minimum of 5 data points per condition, bar graphs represent the
average ± s.e.m.)

 

Figure 3. Increased number of emitters leads to increase dSO avoidance. Representative data shows that the number of Canton-S
emitter flies affects the dSO and its avoidance (increasing shade of red indicates increased number of emitter flies, with 70 emitters outlined in
blue). When compared to 70 emitters, only the vials that contained 10 emitters or air showed a significant difference in performance (one-way
ANOVA p = 0.0001, Dunnett’s multiple comparison post-test). The 40 responder flies were given 1 min. to decide between a fresh vial and a vial
containing dSO (n = 3 internal replicates per trial, 3 independent trials, bar graphs represent the average ± s.e.m.)
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Figure 4. Choice time and genetic background of fruit flies affect the response to dSO. Canton-S and Elwood genotypes display a stronger
avoidance of the dSO than Oregon and Samarkand (p < 0.05*, t-test comparing to Canton-S). Responder flies were given 1 min. to decide
between a fresh vial and a vial containing dSO (n = 4-5 internal replicates per trial, 2 independent trials, bar graphs represent the average ±
s.e.m.)

Discussion

This protocol describes a detailed procedure for the social avoidance assay. Canton-S will only avoid a vial in which flies have previously been
mechanically stressed, and that sex and number of responders does not affect that social avoidance performance. However, genetic background
of the responders has a major influence.

The following are several critical steps for performing this experiment successfully: 1) always transfer the flies 2 hr before the experiment and
make sure not to disturb their environment; 2) perform the experiment always at the same time of the day, ideally between Zeitgeber time ZT5
(hours after the onset of light) and ZT9 to reduce variation in performance linked to circadian rhythm and thus possible variation in locomotion
and activity levels; 3) note the temperature and humidity conditions when performing the experiment; a temperature around 23-25 °C and
humidity above 30% are best; 4) make sure not to disturb the T-maze apparatus during the flies decision time; 5) make sure to air out the fresh
vials at least 24 hr before using them; and 6) during the experiment it is important to always change the location of the test vial in the T-maze
apparatus to avoid preference to one side of the T-maze. Although additional tests need to be done to confirm this, empirically it seems that the
dSO escapes the “stress” vial in less than 5 min. In contrast, it seems that flies are able to emit the dSO up to 1 hr after being stressed.

There are several considerations that must be taken into account in the protocol. The correlation between the age of the fly and social avoidance
is currently unknown. Therefore, it is recommended to perform the experiment with no more than two week old flies at 25 °C, as behavioral
changes associated with aging do not appear prior to that age37. Mated flies (housed mixed sexes) are collected for the experiment as it is
unknown how the dSO emission is affected by the mating status of the flies. Although the behavioral output of dSO avoidance is not affected
by sex, the underlying brain circuitry may be sexually dimorphic, and it is advisable not to mix male and female flies. Finally, a reduction in the
number of emitter flies leads to a decrease in avoidance, probably linked to a decrease in total dSO emitted. However, enough dSO is still
present with only 10 flies, leading to a robust and reproducible avoidance.

Reduction of decision time of the responder flies from 60 sec to 30 sec, also results in a reduction of the PI for Canton-S flies. This can be used
as a tool to discriminate for conditions or mutations in which flies perform better than Canton-S. Thus, in its current state, the social avoidance
assay can be used as a behavioral paradigm to test the effect of genes and the environment on dSO avoidance. After mastering the technique,
future steps can be taken to incorporate the ideal decision time for dSO avoidance and the exact number of emitter flies that must be used to get
the social avoidance assay to work optimally.

A limitation that would arise in testing mutants can occur if the responders have poor locomotion. Experimentally determining a longer choice
time for these mutants may counter such poor locomotion. Similarly, flies with sensory deficiencies that would prevent detection of CO2 — a
major component of the dSO, or the other unknown component of the dSO would not be able to be tested in this assay.

There is currently no other assay allowing quantification of this response. Although it was shown that CO2 is a component of the dSO19, other
components of the signal, as well as neurotransmitters involved in the choice made to avoid other stressed individuals have not yet been
determined. Similarly, the mechanism that drives the flies to emit the dSO is not known. This assay can currently be used as an additional bench
top diagnostic assay for determining the social and overall behavioral profile of a mutant, or environment treatment. For example, one can
compare and contrast the quantification of social space, i.e., the distance to the closest neighbor23, to the social avoidance of stressed flies.
Both behaviors require responding to the presence of other individuals, and making the decision to come close or to avoid them. These are very
simple yet powerful ways to dissect brain circuitry and neurotransmitters involved. These behavioral paradigms also have a tremendous potential
to be used for screening purposes.
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