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Abstract

Drosophila melanogaster is a candidate species to replace rodents in some neurobiological studies, encouraging
attempts to develop behavioural tests for these flies. This study aimed to develop a sucrose preference test
in flies that simultaneously assesses the ethological aspects of motor and fluid intake activities in several
experimental units. Therefore, a lane-maze with 14 lanes was printed three-dimensionally to accommodate
up to 14 individual flies in a single trial. Each lane had a capillary filled with a 5% sucrose solution attached
to one of the extremities, simulating a one-bottle preference test in rodents. Similarly, the test was named
the one-capillary lane-maze. Male and female flies (adults, 5-6 days of age) were subjected to 0 (control), 2,
8, or 20 h of food deprivation (FD, n= 9-11/group) before testing. The one-capillary lane-maze test consisted
of 10 min of habituation and 30 min of trial, which were video-recorded for further evaluation. The duration
of locomotion, immobility, and grooming in the lane, capillary, or corner (zone in extreme opposition to the
capillary) was scored using EthoWatcher software. A preference index’ for the capillary zone was calculated as
a proxy for sucrose preference. Independent of the lane zone, locomotion was the most prevalent behaviour
in flies, followed by immobility and grooming. All flies were proportionally longer in the corners than in the
middle of the lane, indicating that sex or FD had a minor influence on fly behaviour in the lane-maze test. The
preference index revealed that flies of both sexes avoided the capillary zone, even when food-deprived. These
data suggest that, contrary to the primary hypothesis, the capillary was aversive to the flies. In summary, although
the apparatus was suitable for high-throughput assessment of flies’ behaviours, more studies are required to
develop a sucrose preference test in the lane-maze.
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INTRODUCTION

The scientific community has criticised models and behavioural tests in rodents owing to concerns
regarding their clinical validity, application, and animal welfare, impelling the research field to find
alternatives to using of vertebrates'. Thus, the principle of 3Rs (refine, reduce, and replace) may help
scientists in conducting better animal research? Refinement may minimise animal suffering and
improve welfare during experimentation. Reduction may guide methods that minimise the number
of animals used per experiment. Replacement can lead to methods with full or partial substitution
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of animals for alternative methods. Total replacement avoids using non-human animals in research

by substituting them with alternatives, such as human volunteers, tissues and cells, mathematical
and computer models, and established cell lines. Partial replacement avoids the use of vertebrates
in research by substituting them with invertebrates, such as nematodes, social amoebae, and flies.
Although invertebrates react to stimuli, they have no brain circuitry to experience the cognitive and
emotional aspects of suffering®.

In this context, Drosophila melanogaster (Drosophila) has been considered a candidate organism
to replace laboratory rodents or other vertebrates in neuroscientific studies**’. Drosophila has a well-
known anatomy, physiology, genome, proteome, and natural behaviour*®. As vertebrates, Drosophila
has monoaminergic receptors and neural circuits controlling feeding, sleep, aggression, preferences,
learning, memory, and responses to stress®>'°1"'2 |n addition, different strains of Drosophila with
various phenotypes may be maintained and reproduced quickly in the laboratory, allowing for planning
well-powered experiments as required in neurobiological research. Nevertheless, standardization of
models and behavioural tests for psychopharmacology or neurobiology of stress in Drosophila are
incipient as compared to rodents’ 3.

This study aimed to develop a preference test for flies. Preference tests, such as the sucrose
preference test, have been employed to assess the behavioural consequences of stress or pharmacological
treatments in a variety of laboratory animals, including Drosophila'*'>'¢. In Drosophila, the preference
for sucrose may be assessed by measuring fluid intake in paradigms such as fly Proboscis and Activity
Detector'’, capillary feeding (CAFE)'®', proboscis extension®, dyed abdomen?®, Fly Liquid-Food
Interaction Counter (FLIC)*' or ‘Activity Recording Capillary Feeder’ (ARC)%. Except for ARC?, most
of the above methods have been developed to investigate a single experimental unit at a time
(an individual fly or a group of flies). ARC*? employs a positional tracking system, allowing for the
simultaneous assessment of sleeping and fluid intake in 60 individual flies in the same trial. The aim
in the present study was to obtain a paradigm to assess simultaneously the ethological aspects of
motor and fluid intake activities in several independent flies. Therefore, inspired by ARC?, a horizontal
apparatus with parallel, separate lanes (lane-maze) was printed in plastic to accommodate up to
14 individual flies in a single behavioural trial®>. In contrast to a vertical apparatus such as ARC?, the
horizontal lane-maze offers the possibility of attaching a capillary in both extremities of each lane.
Thus, the lane-maze apparatus may offer a large variety of behavioural testing compared to other
apparatuses. In this context, capillaries may be filled with different palatable fluids, which may be
used to simulate one-bottle or two-bottle preference tests, as performed in rodents?*?>2%, Here,
sucrose solution 5% was selected as an attractor in the present study because of previous literature
indicating sucrose preference in flies'*'>18,

In the present study, a single capillary filled with 5% sucrose solution was attached to each lane,
simulating a single-bottle preference test in rodents?*. Hence, the test was named a one-capillary
lane-maze test. The sucrose preference test outcome in rodents often involves calculating a preference
index, which depends on the volume of fluid intake in 24 h*225_ |deally, the capillary allows for
the quantification of the palatable fluid intake of flies'®'. However, the volume of fluid intake of
an individual fly for 24 h is too low to be measured accurately. Herein, instead of sucrose intake,
the behavioural scores in the capillary zone filled with sucrose were used to calculate a‘preference
index’ as a proxy for sucrose preference in the lane-maze. In addition, the preference index based
on behavioural scores would also permit a behavioural test shorter than 24 h, which is habitual in
neuroscience?:282,

The primary hypothesis in this study was that flies stay longer near the capillary than the other
regions of the lane-maze. A corollary hypothesis is that food deprivation induces hyperactivity and
increases flies' preference for sucrose's. Another secondary hypothesis is that flies’ preference for sucrose
in the lane-maze is sexually dimorphic, and flies’ preference for the capillary zone may increase over
the behavioural test. To test these hypotheses, adult virgin male and female flies were deprived of
food for 0 (control), 2, 8, or 20 h before the one-capillary lane-maze test. At present, a 30-min version
of the one-capillary lane-maze test was planned. In addition, behavioural scores were pooled into
5-min blocks to investigate the temporal pattern of the test. Finally, the behavioural scores were used
to calculate the preference index for each independent fly in the experimental groups.
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MATERIALS AND METHODS

Flies

Drosophila melanogaster (Canton-S) was obtained from Stock Center Tucson (Arizona, USA). Flies of
both sexes were kept in house glasses (300 mL glass bottles) containing standard food (supplementary
methods) sealed with a foam stopper until eclosion. House glasses were in a vivarium with controlled
temperature and photoperiod (20 + 1 °C, 12 h light-dark cycle, lights on at 6 am, 60-80% of relative
humidity) in the Biomedical engineering laboratory at the Federal University of Santa Catarina.

Experimental design

See the experimental timeline in the Figure 1B. On the day of eclosion, flies were collected,
anaesthetised on ice (-4°C) for £1 min, sexed, and transferred to house tubes separated by sex
(7.5 cm x 1.1 cm). Virgin male or female flies were maintained in groups of 8-10 under identical
medium conditions (1 g/tube) for five days before allocation to the experimental groups (control, C
or food deprivation, FD). Flies (adults, 5-6 days of age) were transferred from the house tubes to the
experimental tubes with food (C) or without food containing a filter paper saturated with water (FD).
Experimental tubes were kept under vivarium conditions until the behavioural tests. For preliminary
studies, only flies of C groups were analysed. For experiments, flies of C or FD groups were kept in the
experimental tubes for two (experiment 1), eight (experiment 2), or twenty hours (experiment 3) before
behavioural testing. Each independent experiment was carried out within several days to complete
the final sample size (4 groups per experiment, n= 10 flies per group, n= 40 flies per experiment).
Each experimental day consisted of testing up from ten to twenty flies, males and ten females of C
or FD groups, simultaneously in the lane-maze. Afterwards, flies were euthanized by immersing the
tubes inice (-4 °C, for +5 min).
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Figure 1. A-Lane-maze in a top (upper figure) and a lateral view (lower figure); B-Experimental timeline. Abbreviations:
FD=food deprivation.
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Lane-maze apparatus

Lane-maze apparatus is printed in Acrylonitrile butadiene styrene filaments (Figure 1A,
supplementary methods)®. Apparatus consisted of a squared arena (external dimensions: 6.6 x
9.2 cm, internal dimensions: 5 x 5.5 cm) with 14 internal subdivisions (lanes) of identical dimensions
(length: 5 cm, width: 0.3 cm) covered in a transparent acrylic plate. At both extremities of each lane, a
hole (diameter: 0.05 cm) allowed inserting a glass capillary at an angle of 20 degrees provided by the
inclined edges of the external arena. Capillaries allow access to palatable fluids during behavioural
tests. During the tests, the apparatus was placed in an experimental environment, which consisted
of a plastic support with illumination (a string of LED lamps, 490 lux) and a camera (a USB Digital
Microscope Camera, Lenovo © positioned 42 cm above the apparatus allowing for simultaneous
recording of 10 lanes). The lane-maze was maintained in a fixed position relative to the camera from
test to test on a platform (30 cm length, 4.5 height) made from white translucent acrylic with a pair
of plastic sockets to fit the lane-maze. An opaque screen covered the experimental environment to
avoid illumination variations from the experimental room.

One-capillary lane-maze test procedures

Procedures for testing in the lane-maze were as follows: 1- the lane-maze was placed on an ice
plate for £ 5 min; 2-flies were anaesthetised on ice (-4°C) for £ 1 min and transferred carefully, using
tweezers, to the respective lane of the cold lane-maze; 3-each lane had a glass capillary (diameter:
0.04 cm) filled with blue sucrose solution (5%, dissolved in filtered water plus 0.1 mL of blue dye, food-
grade colouring, Arcolor®, Sdo Paulo-SP, Brazil) inserted in one of the extremities; 4-the lane-maze
was covered with the acrylic plate before flies recovered from the anaesthesia and were transferred
to the test platform; 5-video camera recording started at the insertion of the lane-maze into the test
environment; 6-after the testing, flies were euthanised on ice (-4°C, + 5 min); 7-after euthanasia, flies
were examined to check for the presence of blue dye in their abdomen; 8- acquisition of behavioural
outcomes occurred after finishing the experiments by examining video-recordings. Blue dye was added
to the sucrose solution to facilitate the capillary visualisation in the video recordings and recognition
of sucrose intake. Behavioural trials lasted a maximum of 40 min and occurred between 12 am and
4 pm in a room at 23£3 °C. In the pilot study, behavioural outcomes were scored during the video
recording (40 minutes) to identify the maximum time flies required to recover from anaesthesia.
In experiments 1, 2, and 3 behavioural outcomes scoring began after the first movement a fly made,
indicating that anaesthesia was over, until the end of the trial comprising 30 min of data collection.

Selection of behavioural outcomes, data acquisition, and calculations

Behavioural scores were acquired using Ethowatcher open-source software package®’, available
upon request. Behavioural data acquisition requires a description of each item to be scored. Preliminary
analyses of the control groups helped select the more appropriate outcomes of the test. Due to
inconsistent measures, the presence and absence of the blue dye in the abdomen of flies were
discarded as an indicator of fluid intake in the present study (more details in the Supplementary
Material). Shortly, behavioural outcomes of the one-capillary lane-maze were selected according
to the quality and reliability of their assessment, which varied from almost perfect (Cohen’s kappa
upper 80%), substantial (Cohen’s kappa upper 75%) to weak (Cohen’s kappa below 50%). The latency
(s), frequency (number of bouts), and duration (s) of locomotion, immobility, and grooming were
scored in the different sectors of the lane (50 mm). The latencies for locomotion or grooming were
used to determine the end of the anaesthesia effect, consequently, the onset of behavioural scoring.
Frequencies were used to calculate Cohen'’s kappa indices. Duration (s) was the primary outcome of
the test used to compare treatments and to the preference index (P-index) calculations. Sectors of
the lane with different lengths (mm) were arbitrarily defined as follows: capillary (5 mm), opposite
corner (5 mm), and lane (40 mm). To fit scores in the same timescale, the durations (s) in each sector
(capillary, corner, lane) were normalised by the length of the sector (capillary=5 mm; corner=5 mm;
lane=40 mm) to obtain the proportional occupancy of each sector (normalised durations, s/mm).
Raw (s) or normalised (s/mm) durations for each sector (capillary, corner, lane) were presented in
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blocks of 5 min. The P-index was estimated as a proxy for the sucrose preference index. P-index was

conceived to separate sucrose preference (capillary) from the place preference (corner). Therefore,
the duration in the lane is not part of the P index calculation. The P-index was calculated by doing
the following steps: 1-calculation of the duration (D) in each zone (capillary= D capillary, corner=D
corner) by summing up the duration of all behaviours scored in either zone (locomotion, immobility,
grooming); 2- calculation of the proportional occupancy (P) in each zone (capillary= P capillary, corner=
P corner) by division of the D in the zone by the total duration (P capillary= D capillary/(D capillary + D
corner); P corner=D corner/(D capillary + D corner); 3- Pindex was the difference between P capillary
and P corner (P index= P capillary — P corner). The P-index ranges from + 1 (total preference for the
capillary zone, i.e., preference for sucrose) to — 1 (total aversion to the capillary zone, i.e., aversion to
sucrose). A p-index equal to zero indicates the absence of preference. See Supplementary Material
for raw data, normalised data of individual flies or means, standard errors, standard deviations, and
detailed calculations.

Statistical analysis

Raw duration, normalised duration, or preference indices lacked normal distribution (significant
Kolmogorov-Smirnov test) and homogeneous variances (significant Levene and Brown-Forsythe
tests). Kruskal-Wallis, a non-parametric one-way analysis of variance, was used to compare the four
groups (F-C, F-FD, M-C, M-FD; female=F; male=M; control=C, food deprived= FD) within independent
experiments (Experiment 1, 2 or 3). These analyses were performed with Statistica 8.0, and GraphPad
Prism 8 (San Diego, CA, USA).The P-index of every experimental group (F-C, F-FD, M-C, M-FD; female=F;
male=M; control=C, food deprived=FD) was compared to zero (i.e., absence of preference) with Sign
test and Wilcoxon matched-pairs signed-ranks test®' (Excel software, Microsoft Office, version 16.37).
Sex and treatment were masked for an unbiased statistical analysis of data. Data are expressed as the
mean(s) = standard error (SE). Comparisons with a p-value<.05 were considered statistically significant.

RESULTS

Effects of food deprivation on behavioural outcomes of the one-capillary lane-maze test

Except for the items“immobility in the corner zone”and“grooming in the capillary zone”, the other
itemsincluded in the behavioural catalogue were measured with substantial reliability (locomotion in
the lane or capillary or corner zones; immobility in the lane or capillary zones; grooming in the lane or
corner zones). The mean duration, standard deviation, or standard error for each experimental group
may be found in Table S4 (raw data) and Table S5 (normalised data). Raw or normalised locomotion,
grooming, and immobility durations were similar in the lane, capillary, and corner zones in all
experiments’30-min one-capillary lane-maze test (Figure 2, Figures S6, S7, S8). Food deprivation for
2 h, 8 h, or 20 h had no visible effect on locomotion, immobility, or grooming of flies of both sexes
in the lane-maze (Figure 2, Figures S6, S7, S8).

Indeed, in experiment 1 (2h FD, Figure 2, Figure S6), no significant differences were seen among
the groups (F-C, F-FD, M-C, M-FD) for the raw duration of locomotion (H (3) =2.41, p =0.49), immobility
(H(3)=4.37,p=0.22) or grooming (H (3) =0.38, p =0.94) in the capillary zone. In the lane, no significant
differences were seen among the groups for the raw duration of locomotion (H (3) =2.86, p =0.41),
immobility (H (3) =5.53, p =0.13), grooming (H (3) =5.08, p =0.16). In the corner, no significant
differences were seen among the groups for the raw duration of locomotion (H (3) =1.05, p =0.79),
immobility (H (3) =2.66, p =0.44) and grooming (H (3) =2.55, p =0.46). Normalised durations were
not conclusively different among the groups for any category in the capillary zone (locomotion: H
(3) =2.41, p =0.49, immobility: H (3) =4.37, p =0.22; grooming: H (3) =0.38, p =0.94) or in the lane (H
(3) =2.86, p =0.41; immobility: H (3) =5.53, p =0.13; grooming: H (3) =5.08, p =0.16) or in the corner
(locomotion: H (3) =1.05, p =0.79; immobility: H (3) =2.66, p =0.44; grooming: H (3) =2.55, p =0.46).

In experiment 2 (8h FD, Figure 2, Figure S7), no significant differences were seen among the
groups (F-C, F-FD, M-C, M-FD) for the raw duration of locomotion (H (3) =0.61 p =0.89), immobility (H
(3) =1.20 p =0.75) and grooming (H (3) =1.83 p =0.6) in the capillary zone. In the lane, no significant
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differences were seen among the groups for the raw duration of locomotion (H (3) =3.34 p =0.34),

immobility (H (3) =2.63 p =0.45), and grooming (H (3) =2.43 p =0.48). In the corner, no significant
differences were seen among the groups for the raw duration of locomotion (H (3) =1.06 p =0.78),
immobility (H (3) =3.21 p=0.36), and grooming (H (30) =5.90 p =0.11). Normalised durations were not
conclusively different among most of the groups for any category in the capillary zone (locomotion:
H (3) =0.61, p =0.89, immobility: H (3) =1.20, p =0.75; grooming: H (3) =1.83, p =0.60) or in the lane
(locomotion: H (3) =3.34, p =0.34; immobility: H (3) =2.63, p =0.45, grooming: H (3) =2.43, p =0.48)
or in the corner (locomotion: H (3) =1.06, p =0.78; immobility: H (3) =3.21, p =0.36; grooming: H
(3) =5.90, p =0.11).

In experiment 3 (20h FD, Figure 2, Figure S8), no significant differences were seen among the
groups (F-C, F-FD, M-C, M-FD) for raw durations of locomotion (H (3) =0.71, p =0.87), immobility (H
(3)=5.40, p =0.14) and grooming (H (3) =2.68, p =0.44) in the capillary zone. In the lane, no significant
differences were seen among the groups for raw durations of locomotion (H (3) =2.79 p =0.42),
immobility (H (3) =0.2, p =0.98), and grooming (H (3) =1.06, p =0.78). In the corner, no significant
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Figure 2. Normalised duration (seconds per millimetre, s/mm) in each lane sector (capillary, lane, corner) summarized
in blocks of 5 min over 30 min of the one-capillary lane-maze test. Female (left panels) or male (right panels) flies were
food-deprived (FD) for 0 h (control in experiments 1-3), 2 h (experiment 1, upper panels), 8 h (experiment 2, middle
panels), or 20 h (experiment 3, lower panels) before behavioural testing. Sample sizes per group- (Experiment 1):
Control, females, n=9; males, n=9; FD, females, n=10; males, n=9. (Experiment 2): Control, females, n=11; males, n=9;
FD, females, n=10; males, n=10. (Experiment 3): Control, females, n=10; males, n=10; FD, females, n=10; males, n=10.
Data are expressed as mean =SEM. White circles = individual data of the control group; black circles= individual data of
the FD group. Kruskal-Wallis statistical test indicated no conclusive difference between groups (F-C, F-FD, M-C, M-FD).
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differences were seen among the groups for locomotion (H (3) =1.09, p =0.78), immobility (H (3) =3.43,

p =0.33), and grooming (H (3) =3.42, p =0.33). Normalised durations were not conclusively different
among the groups for any category in the capillary (locomotion H (3) =0.71, p =0.87; immobility: H
(3) =5.40, p =0.14; grooming: H (3) =2.68, p =0.44) or in the lane (locomotion: H (3) =2.79, p =0.42;
immobility: H (3) =0.2, p =0.98; grooming: H (3) =1.06, p =0.78) or in the corner (locomotion: H (3)
=1.09, p =0.78, immobility: H (3) =3.43, p =0.33, grooming: H (3) =3.42, p =0.33).

Effects of food deprivation on the P index of the one-capillary lane-maze test

The value of the P-index varied from group to group (Figure 3, Figure S9, Table S6). Most of the
P-indices were negative except for a slight, no conclusive, positive P-index in the control group of
male flies in experiment 2 (M, C 8h, Figure 3). The P-index was significantly (Wilcoxon test, p< 0.05)
different from zero (P index=-0.33+0.12) in the group of female flies food-deprived for 2 hours (F, FD
2h Figure 3). Between-group comparisons (F-C, F-FD, M-C, M-FD) indicated no conclusive differences
in any experiment (Kruskal-Wallis: 2 h FD: H (3) =3.4, p=0.3;8 h: H (3) =2.7,p=0.4; 20 h FD: H (3) =0.3 p
=0.9; Figure 3, Figure S9). For all statistical results, see supplementary results.
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Figure 3. P-index of female (F) or male (M) flies of the control (C) or food-deprived (FD) groups in experiment 1 (2 h FD;
left panel), experiment 2 (8 h FD; middle panel) and experiment 3 (20 h FD; right panel). For sample sizes per group,
see the legend of Figure 2. Data are expressed as mean £SEM. Circles= individual data. (*) significantly different from
zero according to the Wilcoxon test, p< 0.05.

DISCUSSION

The lane-maze allowed for the simultaneous scoring of the durations of locomotion, immobility,
and grooming of 10 flies in a trial. The behaviour of each fly was observed in different zones of the
apparatus. However, contrary to the primary hypothesis, flies avoided exploration of the zone of
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the capillaries filled with sucrose during the one-capillary lane-maze test. Independent of sex, flies

stayed, on average, longer in the corner opposite the capillary, generating negative preference indices.
Negative preference indices indicate aversion to the capillary zone. Moreover, food deprivation
failed to induce a preference for capillaries filled with sucrose in the one-capillary lane-maze test.
These results indicate that the lane-maze apparatus was helpful in simultaneously evaluating several
behavioural outcomes in multiple flies. Nevertheless, the one-capillary lane-maze test failed to
identify sucrose preference in flies of either sex. Instead, the one-capillary lane-maze test revealed
that the flies avoided exploration of the capillary zone of the lane. The unanticipated results in the
one-capillary lane-maze test can be related to the experimental design, procedures, biology of the
flies, or a combination of these factors, as discussed below.

Concerning the experimental design, for example, many previous studies tested flies collectively
in the same test environment (CAFE'*'>'8'° or dyed abdomen?). In the present study, individual flies
were used as the experimental units, as in the experiments using ARC*. Beyond the consequences
of the statistical analysis (see litter effect®?), flies may behave differently when tested in groups or
individually in mnemonic tests*. However, Ja et al."® found a similar preference for sucrose in flies tested
individually orin groups. Another relevant aspect related to the experimental design is the assessment
of outcomes. In the present study, experimenters and analysts were unaware of the identity of the
experimental groups, a characteristic that was unclear in some previous studies''>'¢1718 |n addition,
most previous studies included only males in the experimental groups''>'® or a mixture of male
and female flies'®. Here, based on the hypothesis of sexual dimorphism in the sucrose preference
test, male and female flies were assigned to independent groups. Moreover, the experimental flies
were virgin, that is, grown in bottles separated by sex, which could influence behavioural outcomes.
In future studies, comparing virgin and non-virgin flies of both sexes in the lane-maze test would
be an interesting inquiry.

Beyond sex, other aspects of fly biology, such as strain, age, appetite for sugar, aversion to novelty,
and motor and sensory skills, could affect behavioural outcomes. Sugar solution is a natural attractor
for different strains of Drosophila (e.g. Harwich, Canton-S)'*'>'8, The sucrose solution was used as a
reward or a physiologically relevant reinforcement in paradigms of appetitive olfactory conditioning
in Drosophila with different genetic backgrounds (e.g. Canton-S, amnesic mutants, several mutants
of dorsal paired medial neurones, others)**3>3¢. Moreover, flies have demonstrated a preference for
different concentrations of sucrose in various tests such as CAFE (5% or 0.1 M)8, proboscis extension
and dyed abdomen (100 and 4 mM)%, or FLIC (1%, 10%)?". The addition of blue dye to the sucrose
solution seem not affect the attractive properties of sugar to the flies once it was previously used to
estimate sucrose intake in Drosophila®®*. Therefore, the aversion to the capillary zone observed in
the one-capillary lane-maze test in flies was unlikely due to the presence of sucrose solution, blue
dye, or their mixture. In the lane-maze preference test, future studies should use other types of
attractive substances, such as vinegar, fructose, or ethyl acetate, which were deemed attractive to
Drosophila larvae or adults®**4°, Novelty suppressed feeding could also explain the aversion to the
capillary zone. However, whether flies such as rodents*' display‘novelty-suppressed feeding'remains
unclear. In future experiments, a longer period of acclimation before testing could reduce putative
novelty-suppressed feeding in flies. Moreover, new studies in flies with different ages or lacking
olfactory receptor neurons* would contribute to the understanding of preference mechanisms in
adult Drosophila when tested in the lane-maze.

Procedural factors may explain these results. The orientation of the testing apparatus, for example,
may play a role in the exploratory behaviour of flies. Drosophila displays a negative geotaxis, an innate
response of climbing to the top of a vertical cylinder after being tapped to its bottom*. A test such
as ARC* performed in a vertical cylinder may facilitate flies exploration because of negative geotaxis.
In contrast, the one-capillary-lane-maze test was conducted in a horizontal apparatus, which does
not allow negative geotaxis to occur. A role for negative geotaxis in the preference test would require
further study. Other procedural factors potentially relevant to explain the present results include the
configuration of the preference test, duration of the trial, and calculation of the sucrose preference
index. In rodents, the one-bottle or two-bottle configuration test may be used to assess sucrose
preference??. Nevertheless, the two-bottle configuration test was more sensitive in detecting taste
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aversion than the one-bottle configuration*. In future studies, a two-capillary lane-maze test may

be more sensitive than the one-capillary lane-maze test in detecting sucrose preference in flies.

In rodents, sucrose preference indices are often calculated using the proportion of sucrose intake
in the total fluid consumed in 24 h?*?, In Drosophila, studies using CAFE'*'>'8° measured fluid intake
within 24 h when a group of flies was the experimental unit. Because the experimental unit in the
one-capillary lane-maze test was an individual fly, the fluid intake was too low (less than 1 pL) to be
accurately measured from the capillary during the test. Hence, future experiments should consider
the extended periods of the lane-maze test. Owing to the above-mentioned limitations originating
from an individual fly as an experimental unit, the preference index in the one-capillary lane-maze
test was a proxy for sucrose preference. The preference index was based on the hypothesis that flies
would stay longer near the capillary than near the other regions of the lane-maze. Consequently, the
sucrose preference index, as calculated in this study, may be biased by the motor skills of the flies, as
it is dependent on the exploration of the environment. For example, small, imperceptible lesions in
the paws due to manipulations or sequelae of anaesthesia may disable the flies from exploring the
lane. However, the scoring of locomotion, immobility, and grooming during the one-capillary-lane-
maze test suggested that the experimental flies had optimal motor abilities. Future studies should
also exclude the influence of anaesthesia on behaviour by transferring flies from the experimental
tubes to the lane-maze using a mouth aspirator®. Future studies measuring sucrose intake or licking
behaviour to calculate the preference index would provide a more reliable estimation of sucrose
preference in flies. A practical solution to detect the interaction of an individual fly with sucrose
would be to use a sensor for the proboscis extension at the tip of the capillary.

According to previous literature, food deprivation may induce hyperactivity, centrophilic
behaviour, and sucrose preference in flies's. Remarkably, results by Vogt et al.3® suggested that the
nutritional state affects the preference for odours in Drosophila larvae. For example, geranyl acetate
and menthol, which are innately aversive to fed larvae, are attractive to food-deprived larvae.
Studies by Ko et al.** showed that starved female flies exhibited enhanced sensitivity to attractive
odours and reduced sensitivity to aversive odours. In the present study, no pronounced effect of food
deprivation was observed in the one-bottle lane-maze test in either female or male flies. Indeed, food
deprivation failed to promote hyperactivity compared to control flies, perhaps because locomotion
is already a high-incident behaviour in the lane-maze. Moreover, the duration of food deprivation in
flies was not a determinant of preference for the capillary zone. Independent of the food deprivation
time, 2, 8, or 20 h, flies of either sex stayed, on average, longer in the corner without capillaries. Short
exploration of the capillary zone generated negative preference indices, which indicated aversion to
the capillary zone by most of the flies. In the present conditions, food deprivation or sex of the flies
may have had a moderate to low effect size on sucrose preference in the lane-maze test. Present
experiments were powered to detect large effect sizes. Future studies should use power analysis to
calculate sample sizes to detect the small effects of sex, food deprivation, or other interventions on
the preference index.

In conclusion, in the present study, flies avoided the zone near the sucrose capillaries in the
lane-maze test, indicating that sex and food deprivation had smaller effects on the behaviours of flies
tested in the one-capillary-lane-maze test than anticipated in the experimental plan of this study.
This exploratory research forms the basis of more conclusive research helping to set the research
design, sampling methodology, and method for data collection in future studies.
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Supplementary Material

Supplementary material accompanies this paper.

Figure S1. Agreement calculations.

Figure S2. First version of the catalogue.

Figure S3. Second (final) version of the catalogue.

Figure S4. Calculation of the normalized duration.

Figure S5. Calculation of the preference index (P-index).

Figure S6. Raw duration of behaviours in the lane-maze test.

Figure S7. Raw duration of behaviours in the lane-maze test (experiment 1).

Figure S8. Normalized duration of behaviours in the lane-maze test (experiment 1).
Figure S9. Raw duration of behaviours in the lane-maze test (experiment 2).

Figure S10. Normalized duration of behaviours in the lane-maze test (experiment 2).
Figure S11. Raw duration of behaviours in the lane-maze test (experiment 3).
Figure S12. Normalized duration of behaviours in the lane-maze test (experiment 3).
Figure S13. Preference index segmented in pools of 5 minutes (experiments 1, 2, 3).
Figure S14. Latency to recovery from anaesthesia.

Figure S15. Behavioural outcomes of the lane maze test without the capillary.

Table S1. First catalogue: intra-observer agreement and agreement by behaviour.
Table S2. Second (final) version of the behavioural catalogue.

Table S3. Raw duration of behaviours in the lane-maze test.

Table S4. Raw durations: means, standard deviations, sample sizes (experiments 1, 2, 3).
Table S5. Normalized durations: means, standard deviations, sample sizes (experiments 1, 2, 3).
Table S6. Preference index (P index) and sample sizes (experiments 1, 2, 3).

This material is available as part of the online article from https://doi.org/10.4322/2675-
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