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Al Abstract
8

In insects such as Drosophila melanogaster, ight guidance is based on converging sensory information provided by several
modalities, including chemoperception. Drosophila ies are particularly attracted by complex odors constituting volatile

10 molecules from yeast, pheromones and microbe-metabolized food. Based on a recent study revealing that adult male court
1 ship behavior can be a ected by early preimaginal exposure to maternally transmitted egg factors, we wondered whether a
12 similar exposure could a ect free- ight odor tracking in ies of both sexes. Our main experiment consisted of testing ies

13 di erently conditioned during preimaginal development in a wind tunnel. Each y was presented with a dual choice of food

14 labeled by groups of each sex of D. melanogaster or D. simulans ies. The combined e ect of food with the cis-vaccenyl
15 acetate pheromone\(a), which is involved in aggregation behavior, was also measured. Moreover, we used the headspace
6 method to determine the "odorant" identity of the di erent labeled foods tested. We also measured the antennal electro-
17" physiological response t&/4 in females and males resulting from the di erent preimaginal conditioning procedures. Our

18 data indicate that ies di erentially modulated their ight response (take o, ight duration, food landing and preference)

19 according to sex, conditioning and food choice. Our headspace analysis revealed that many food-derived volatile molecules
20 diverged between sexes and species. Antennal respons#sshawed clear sex-speci ¢ variation for conditioned ies but

21 not for control ies. In summary, our study indicates that preimaginal conditioning can a ect Drosophila free ight behavior

22 in a sex-speci ¢ manner.

9

23 KeywordsCis-Vaccenyl acetate - Microbiota - Preimaginal conditioning

24 Introduction hygroperception and chemoperception (Bhandawat et al.

2010 Budick and Dickinson 20Q&Budick et al. 2007;
Flying allows insects to escape from predators, to predaf@uistermars et al. 2009). When they are at a relatively
on other animals (Baines et al. 2014; Dickinson 2014; Misolong distance from an odor source, ying Drosophila ies
et al.2014) and to disperse and nd new food sources and/arse the mechanosensory system to estimate wind velocity
potential mates. In Drosophila melanogaster, ight guidanceand olfaction to orient through the odor gradient (Budick
is based upon converging information from several sensomlt al. 2007 Dahake et al2018 Duistermars et akk009
modalities (proprioception, vision, mechanoperceptionKrishnan and Sane 2014). When they arrive near the odor
source, they use visual and chemical signals to land on
this source (Bhandawat et @007; Budick and Dickinson
2006; Saxena et al. 2018). To detect volatile chemical cues,
D. melanogaster ies use sensory hairs (sensilla) covering
A3 1 Centre Des Sciences du Goit Et de LAlimentation, CNRS the antennae, the maxillary palps (Stocker }pasd the

25
26
27
28
29

30
31
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A2 claude.everaerts@u-bourgogne.fr

A4 UMRG6265, INRAE, UMR1324, Universite de Bourgogne, 6, wings (Houot et al. 2017; Raad et al. 2016), whose signal
A5 Bd Gabriel, 21000 Dijon, France . . . . . 44
, _ _ in ux is sent to speci ¢ (and/or sex-speci c) brain centers,

A6 gfgg‘g‘\%‘l‘s_tﬁ}’%'qgufsg} 1nl4 Rue Edoudadiant, which in turn trigger adapted behaviors according to sex and

AT ejuit Ledex, France mating status (Couto et al. 2005; Das et al. 2017; Datta et al.

As 2 School of Biosciences, University of Birmingham, Edgbaston 2008: Eishilevich et aR005: Ruta et aI2010). 47
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D. melanogaster adults mainly use three pheromontg/pes. Moreover, we measured the antennal electrophysiz
classes. First, sex-speci ¢ cuticular hydrocarbons (CHCsplogical response toMA of ies resulting from di erent 103
mostly detected by gustation but also by close range olfapreimaginal conditionings. 104
tion, can either stimulate or inhibit courtship behavior
(Everaerts et al. 20108; Farine et al. 20L2~erveur and

Sureaul996 Jallon1984. Second, several volatile cem Materials and Methods 105
pounds derived either from 7,11-heptacosadiene, the prin-
cipal female CHC (Z4-11Al aldehyde; Lebreton, 2017Drosophila Strains and Rearing 106

#3307) or from male 7-tricosene CHC (methyl-laurate,

methyl-myristate and methyl-palmitate; Dweck et al. 2015)Me used a D. melanogaster wild-type strain, Canton-S (CSyz
can change the behavior of males and females at some disid aDrosophila simulansvild-type strain (line #K509, a gift 108
tance. Third, 11-cis-vaccenyl acetat®¥Ag (Butterworth  from Prof. Daisuke Yamamoto). Flies were raised on yeasto
1969; Guiraudie-Capraz et al. 2007), a volatile lipid-deriveccornmeal/agar medium [for 1 L of food: 50 g of yeast, 66 g afio
substance produced in the ejaculatory bulb of several Dromaize our, 9 g of agar and 30 ml of Tegosept (®Apex) comi1t
ophila species, can be detected at a relatively long distanpéted with distilled water] and kept under a 12:12 h light/darki2
(Bartelt et al. 1985pHedlund et al. 1996Jaenike et al. cycle (arti cial day from 8:00 am to 8:00 pm) at28.5°C 13
1992; Schaner et al. 1981Q89ab; Symonds and Wertheim with 65+ 5% humidity. All ies resulted from mass-rearing 114
2005). cVA is transferred from the male into the female gerstocks transferred every 2—3 days to avoid competition and
ital apparatus during copulation and subsequently depositeegularly provide progeny. Flies were screened 2 to 6 h aftes
on eggs laid a few days after copulation (Everaerts et abmergence under ligltO, anesthesia. and kept at2d.5°C  u7
2018). When combined with other infochemicalAcan  The ies were kept in same-sex groups (20 ies) for food labets
modulate several Drosophila subsocial behaviors. At a clodieg. Focal female ies tested in the wind tunnel experiment org
distancecVA combined with male-speci ¢ CHCs inhibits used for chemical and electrophysiological analysis were also
male @ale courtship, stimulates female sexual receptivitkept in groups (20 ies), whereas focal males were isolated:
and induces mal@nale aggression (Bartelt et al. 1985a to prevent social interactions potentially a ecting behavior22
Butterworth1969; Das et al. 2017; Ejima 2015; Fernan-(Svetec and Ferve@005). 123
dez and Kravitz 2013; Guiraudie-Capraz et al. 2007; Jal- Egg Collection and Treatment (Fid): Focal flies 124
lon et al. 1981; Kurtovic et al. 2007; Laturney and Billeterresulted from eggs laid by Cs females (i) less than 241bs
2016; Lebreton et al. 2015; Schaner et al. 1987; Wang et alfter mating (D1) or at least 5 days after mating (D5). Mores
2011; Wertheim et al. 2005; Zawistowski and Richmondorecisely, one hour after arti cial dawn, 30 males and 17
1986). At a longer distanceyAa associated with food vola- females, all 4-day-old Cs ies, were placed in a 30 ml glasgs
tile metabolites resulting from the activity of gut-associatediial containing 4 ml fresh plain food. After 3 h, they werei2g
bacteria (Keesey et al. 2016) is often deposited in frass awdld-anesthetized (15 min at 4 °C). Then, males were diso
can enhance y aggregation on food sources (Bartelt et atarded, and females were transferred into egg-laying devices
1985b; Das et al. 2017; Duménil et al. 2016; Lebreton et a{50 mm Petri dish lled with 1 ml 3% agar striped withis2

2l 2012). Recently, Cazalé-Débat et al. (2019) described tHgesh yeast to stimulate egg laying). Females were removed

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101

long-range e ect on D. melanogaster free ight o¥/&  after three hours, and their eggs were collected (D1). Ties
combined with CHCs and food-derived chemicals. Thiobtain D5 eggs, mated females (without males) were placed
study (performed in a wind tunnel) showed théA@and in rearing tubes for 4 days and then transferred into eggs
sex-speci ¢ CHCs interact with food volatile chemicals tolaying devices before being discarded three hours later. \Aee
induce sex-speci ¢ ight responses. also tested ies resulting from D5 eggs deposited on foods

For a long time, responses t@/cwere considered to be enriched with syntheticVA (15 ng/mn? according to Ever 139
stereotypic and unconditional. Recently, some of us discoaerts et al2018; D5 + ¢/A). 140
ered that early preimaginal exposure to maternally trans- As a reference for comparison and to check our devicea
mitted substances—cVA likely associated with microbes—we used, as focal ies, virgin Cs males and females rams2
induced partial suppression of male courtship inhibitiordomly sampled from mass-rearing stocks 2 to 6 h aftess
to cVA (Everaerts et al2018). Here, we tested Drosophila emergence screened and kept in similar conditions as thase

female and male free ight responses to a dual choice afescribed for D1- and D5-derived ies. 145
food labeled by ies of various genotypes with or without
cVA. Focal ies were di erently exposed during their early Food Labeling 146

preimaginal development by maternally transmitted sub-
stances. Using headspace, we determined the identity of the investigate the effect of the molecules potentiallyaz
volatile substances emitted by the various y-labeled foodnvolved in free ight odor tracking and landing preferencejas
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WIND TUNNEL

FOCAL FLIES
0> — b
Free Flight
Flight duration
A t B ] .
of VA Lift Up ciopas2nding
on eggs Latency Choice (LF/PF)
T HEADSPACE ANALYSIS

SPME Sampling

- GC-MS

Chemical
: —>» D5
—>» D5+cVA

identification
A PF + cVA

ELECTROANTENNOGRAPHY

EAG
Depolarization amplitude
Repolarization time

Cs

\ 4

Fig. 1 Egg collection and treatment to obtain focal ies and experiments conducted to evaluate the e ect of precocious cVA exposure on free-
ight odor tracking in Drosophila

149 we labeled fresh plain laboratory food with live ies. To et al.2017,2018). The tunnel was made of clear acryliass
150 label food, 100 “labeling” ies were kept for 15 h in a petri (length= 155 cm; width and height30.5 cm) and was illu- 169
151 dish (C=5.4 cm) lled with 20 g fresh food and covered by minated by four band strips of white LEDs (BDL- F300i70
152 a plastic lid (= 6.4 cm) under similar experimental condi- W-05-3528, Boulevard des LEDs, France; lemgithm) 171
153 tions as described above. “Labeling ies” were removed 24 located below the tunnel base and separated with a red
154 before the ight experiment. The food was either labeledscreen. Tracing paper was placed over the tunnel to homags
155 by (i and ii) D. melanogaster virgin females or males, enize the light intensity inside the ying section, and the twaz
156 (iii and iv) D. simulans virgin females or males, o)y [v.  lateral panels of the tunnel were covered with a randomized
157 melanogaster virgin females and enriched with synthetipattern consisting of black and white squares ¢siglem). 176
158 CVA. For cVA labeling, 100 ng YA (® Cayman Chemi- A “departure/starting” platform (heightl6 cm) was placed 177
159 cal, Ann Arbor, MI, USA; 50 mg/ml solution in ethanol; in the downwind section at 90 cm from the two landing platt7s
160 purity>98%) diluted in 5 | hexane was added to a Whatforms (height=16 cm,C= 1.7 cm) located in the upwind 179
161  man lter paper patch (€1 cm, ® GE Healthcare Life section. The two landing platforms — with a food source orzo
162 Sciences), which was deposited on y-labeled food a feviop of each — were placed 10 cm from each lateral panel atd
163 minutes prior to each test (according to Cazalé-Débat et aliere separated from each other by 7.5 cm. For each-behaye

164 2019). We used plain laboratory food as control food. ioral test, approximately ¢m® of food was deposited on a 183
microscope slide at the top of each platform. A humidi er (®Rs4
165 Wind Tunnel OKOIA, AH400; Tianjin, China) was placed at the entrancess

of the air ow to maintain a constant humidity (65—75%) inise
166 The design of the wind tunnel was previously describethe ying section. A laminar air ow (0.4ns' ) was running 187
167 in detail (Cazalé-Débat et al. 2019; Fry et al. 2008; Houdthrough the section. After each session of tests (performed
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between 9:00 am and 3:00 pm), the wind tunnel was wash@® °C for 1 h. Then, a triphasic SPME ber (30 m layersyao
with a 70% ethanol solution, and the room was ventilateGAR-PDMS—50 m layer DVB; SUPELCO), previously 2a1
until the next day. The temperature and relative humidity ofonditioned for 15 min in a GC injector set at 240 °C, was
the room were 25 1 °C and 6@ 5%, respectively. introduced into the vial through the septum and exposed fai

We measured several ight parameters and landing preft0 min to the vapor phase inside the headspace. 244
erence in binary food choice assays. Four-day-old subject To identify chemicals present in the headspace after odess
ies were individually introduced with a mouth aspirator ant uptake analysis, we used an HP6890 GC coupled toza#
into an acclimation chamber (consisting of an acrylic tubeMSD 5973 N selective detector (Agilent Technologies-opesa7
C=5 mm) separated by a gate from the inside of the windted in electron ionization mode at 70 eV). The HP6890 Gfzs
tunnel. After 3 min of acclimation, subjects were allowed tavas tted with an SPME injection port (splittless mode) set ahg
reach the part of the tube opening inside the wind tunne240 °C and with a DB-Wax capillary column (length 30 masg
Once the y reached the lift o platform, we successively ID 0.25 mm; Im thickness 0.050 pm; Agilent® J&W). The 251
noted () its latency (and frequency) for taking upwind ight; GC oven temperature was maintained at 40 °C for 5 migs2
(ii) its “time duration to reach food” (between upwind ight raised to 240 °C at 3 °C/min and maintained for 10 min ats
latency and landing latency); and, (iii) in case of landingthis temperature. Helium was used as the carrier gas ata
the food source chosen (food choice preference). “Landingear velocity of 44 cm/s. The SPME ber was introducedss
on food frequency” corresponds to the sum of landing freinto the injector of the GC and desorbed for a 15 min perioghs
quencies on the two food sources. Each experiment last@thie MSD 5973 N mass spectrometer scanned the ion mass
a maximum of 10 min (or less if the y landed on a foodfragmentgm/z) from 29 to 350. The ion source was set atg

source before 10 min). 230 °C, and the transfer line was set at 250 °C. 259
We tested several dual food choice combinations consist- Chromatograms were analyzed with MSD-ChemStatiofso
ing of (i) two plain food sources as a double control (PFsoftware (Agilent Technologies). 261

PF), (ii and iii) PF combined with food labeled either by Identi cation of the volatile compounds was carried oubs
Cs female (PF/FCs) or by Cs male ies (PF/MCs), (iv) FCdy comparison of their mass spectra with those of Wileys
enriched or not with synthetid/& (FCs/FCs+cVA), (Y (Wiley Registry 2020) and Inramass libraries (personal datgsa
FCs/MCs, and (vi) food labeled by D. simulans females anblase). We did not take into account chemicals with m/z feas
by D. simulans males (FSim/MSim). In these experimentdures distinctive of polydimethylsiloxane (PDMS; m/Z3, 266
we tested 31-130 individual ies. 147, 207, 221, 281), which are contaminants derived frogg;

Tunnel experiments were conducted with starving iesthe silica column. 268
to stimulate upwind ight attraction (Lebreton et al. 2012).
Brie y, the night before the test, ies were individually kept
at 25 °C in a glass vial containing only a piece of cottoEAG Assays 269
wool moistened with 90 L of distilled water.

Electrophysiological antennal responses of Cs, D1, D5 apg
Identi cation of Volatile Compounds by HS—SPME—- D5 +cVA four-day-old virgin females and males stimulatec71
GC ©OMS by various &¥A doses were measured using electroantens;
nography (EAG). 273

To analyze volatile chemicals produced by the differ Living 3- to 7-day-old ies were secured in an Eppendorfza
ent food sources tested in the wind tunnel, we used hea®0 pl cone, leaving the eyes and antennae exposed. EAGS
space-solid phase microextraction-GC-mass spectrometwere recorded with two glass capillary electrodes (tip diams
(HS-SPME-GC @S). eter 2.8 m, lled with 120 mM NaCl, 5 mM KCI, 1 mM 277

Samplings were performed with 9 di erent odor sourcesCacCl,, 4 mMMgCl,, and 10 mM HEPES bu er). The refer 27
plain food, D. melanogaster females and males (without cgnce electrode was inserted in the left eye, and the recording
with food), and D. simulans females and males (without oelectrode was leaned against the distal part of the right thisg
with food; for each sampling type: h 4). antennal segment without being inserted. The signal was

The media to be analyzed were prepared 15 h before saampli ed (total gainx 5), low-pass Itered (0.5 kHz) with an 2
pling. Depending on the case, 5 g of plain food (cookedxoPatch 2008 (Molecular Devices, Union City, CA, USA)s3
3 days before and stored at 4 °C as regular laboratognd digitized at 1 kHz (Digidata 1440A; Molecular devices)sa
medium) was kept plain or was labeled by 20 four-day-olavith Axoscope® (Axon™pCLAMP™ 11.1, Molecular 2gs
ies. Vials covered with a cotton mesh (to avoid excessivalevices) and Clamp t® (Molecular devices) software.  2g6
humidity) were maintained at room temperature. Before
sampling, flies were discarded, and the mesh cap wa3dor Delivery SysterA 5-mm Te on tube held 10 mm from g7
replaced by a Te on septum. These vials were placed dhe insect antenna continuously delivered a humidi ed ajs
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stream (Pump Wisa; 1 L/min; using a bubbler with reversas qualitative variables and the treatment (CS, D1, D5 aps

osmosis water and tted with a charcoal lter). Stimuli were D5 + cVA) as quantitative variables. 340
applied by inserting a Pasteur pipette 15 cm containing a All statistical analyses were performed using XLSTATz41
small piece of Iter paper (Whatman; 2B mm®) loaded Premium 2021.5.1.1220 (Addins@®21). 342

with 10 pl of the odorant diluted in para n oil into the Tef-
lon tube. An air pu (200 ms, 1 PSI) was delivered through

the pipette with an electrovalve (Kendrion Kuhnke MicroResults 343
solenoid valve, 64.060) controlled by a digital output module
(PDES-02DX, NPI Electronics). Free Flight in a Wind Tunnel 344

Odorants were presented every min in a xed sequenfo determine the e ect of early exposure ¥Acand other 345
tial pattern: () hexan-1-ol (Sigma&drich, 101 M) and  maternally transmitted factors, we measured free ight orias
heptan-2-one (Sigm@Aldrich, 101 M) diluted in paran  entation in individual female and male ies tested for a duah?
oil, (ii) pure para n oil, (iii) pure hexane (99%, Sigma © food choice in a wind tunnel. In addition to control Cs ieSgas
Aldrich), (iv) increasing WA dose (1, 100, 300 and 500 ug we tested ies resulting from Xieggs laid less than 24 h za9
in hexane), and jvhexan-1-ol. Initial stimulations with after copulation (D1), (ii) eggs laid 5 days after copulatiogso
hexan-1-ol and heptan-2-one allowed us to check th@5) and (iii) D5 eggs raised in food enriched wiNAc 351
electrical connection to obtain an obvious antennal signgdD5 + cVA). 352
response (Chertemps et al. 2012), while the nal hexan- We measured the frequencies of ies (Figd.and 3A) 353
1-ol stimulation allowed us to check the stability of thetaking upwind ight, (Figs2B and B8) landing on food, and 354
y physiological state. Liquid para n and pure hexane (Figs.2 and &) landing on each food type (food choice) irgss
were set up as blank controls. Each compound series wisnales and males. We also measured the latency to take
tested in 15 ies. upwind ight and the ight duration between the startingssz

Both the maximum depolarization amplitude (DA) elic-platform and landing on the food (Suppl. Figure 1). Thess
ited by a volatile stimulus and the repolarization time (RT}wo latter parameters are either shown for all individuals (4se
duration were measured and compared between groupsasfd C for females; E and G for males) or according to theio
ies. Although depolarization and repolarization times werechoice to land on each food type (B and D for females; F apsl
shown to vary between species, depolarization amplitudd for males). All parameters were determined relative to the,
and repolarization time showed a strong intraspeci ¢ cortotal number of ies tested. In addition to plain food (PF)3zs3
relation (Bau et al. 2002). According to this study, fastethe di erent types of food consisted of food labeled by Css4
recovery rates allowed for a better resolution of odor mixmales (MCs), Cs females (FCs), Cs females and enrichgd
tures. As it was shown that in the fall armyworm, Spodopteravith cVA (FCs +cVA), D. simulans females (FSim) or D. 366
frugiperda, amplitude and repolarization to its pheromonaimulans males (MSim). 367
can be unlinked by inhibitors of antennal serine esterases In the PF/PF control choice assay (consisting of two simiss

RN (Luis et al. 2010), we tested whether such an e ect coultar PF sources), 56—75% of females and 53-69% of majes

323
324
325

326

327
328
329
330
331
332
333
334
335
336
337
338

occur in unconditioned ies. took upwind ight, while 32-47% and 39-51%, respectivelys7o
All electrophysiological recordings were performed fromlanded on food without showing preference. Their medias1
9amto 1 PM at 24 0.5 °C with 65 5% humidity. upwind ight latencies were 80-150 s and 91-163 s, whilgr
their median ight durations lasted 14-42 s and 32-56 s73

Statistics respectively. Cs females showed a shorter ight duratiogys
than D5 + &/A females. 375

Behavioral frequencies (upwind ight and landing) were In the MCs/PF choice assay, 68—84% of ies took upwings
compared using the Wilks“@ikelihood ratio test completed ight, while 30-76% landed on food. However, D1 femaleg77
with a computation of signi cance by cell (Fisher's exactand males landed on food with a signi cantly lower fres7g
test). While the choice between the two food sources wagiency (30%) compared to ies of the three other treatmentsg
tested using the z test, these choices were compared usbg) ies, Cs males and D5 males clearly preferred landingso
the WilksG? test as described above. on MCs food than on PF. Both the latency of upwind ights:

Headspace results were analyzed using principal compand the ight duration of these ies were generally similars;
nent analysis (PCA; Pearson’s correlation matrix type; witho those found in the PF/PF assay. Only Cs males showegsa
standardized values) with the amount of chemical used aglayed upwind ight latency compared to the three othegs
variables and the type of y (sex and species) used as indireatments. 385
viduals. PCA and ANOVA were used to analyze EAG results In the FCs/PF assay, 63—80% of ies took upwind ightse
with amplitude of depolarization and time of repolarizationwith a median latency of 146-173 s in females, while thigy
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was more variable in males (79-187 s), with a signi canbn FCs + &A food than on FCs food, whereas males showeg>
di erence between Cs and D5 males. A slight di erenceno preference. 403
in ight duration was found between D1 and BBVA In the FCs/MCs assay, flies showed relatively higho4
females. No di erence in landing frequency on food wasupwind ight (73—-86%) and landing frequencies (54—69%hos
noted. No food preference was noted except in D1 female¥/hile their upwind ight latency was approximately 100 s 406
which landed more frequently on PF than on FCs food. their ight duration was often very brief (10-60 s). The ies4o7

In the choice assay involving food labeled by Cs femaleshowed no food preference exceptd&/A males, which 408
without or with /A (FCs/FCs + &/A), 61-75% ies took preferred landing on MCs food over FCs food. 409
upwind ight. Upwind ight latency was either similar In the choice assay performed with D. simulans-labeledo
between males (29-64 s) or longer in Cs females (198 &od (FSim/MSim), 66—77% ies took upwind ight, while 411
compared to the three other females (12-30 s). D1, D5 ad@—60% females and 41-69% males landed on food. b2
D5 +cVA female and male ies showed a strongly decreasedhales landed signi cantly less often on food than D5 anais
landing frequency (28—-34%) compared to Cs ies (59%)D5 + cVA males. Female and male ies showed a veryis
Additionally, D1 and D5 cVA females preferred landing brief ight duration (12—-35 s and 24-32 s, respectively)ais
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Fig. 2 Flight and landing preference in single female ies tested forand male ies, we performed headspace analysis of mash
food labeled by ies of various genotypes. The histograms represefgod sources tested in the tunnel (Fig, B). In particular, 425

(top row) the frequency of female ies taking upwind ight (calcu- .
lated from the total number of ies tested: see top of each histograr\rlwve compared the volatile compounds produced by PF, FGgs

bar), (medium row) the overall landing frequency (calculated from alMCs, FSim and MSim types of food. 427
individuals), and (bottom row) the landing preferences on a dual food PCA revealed a clear separation between the sexes for

choice. At the top of each histogram group (delineated by dasheggych species (D. melanogaster = Ossimulans; FigdC). 429

lines), the dual food choices tested are indicated (from left to right);, .. .
“plain food/plain food” (PF/PF), “food labeled by Cs males/plain\NhIIe FCs completely overlapped with PF and partlyso

food” (MCs/PF), “food labeled by Cs females/plain food” (FCs/PF),0verlapped with MSim, the two other food types (MCsya1
“food labeled by Cs females/food labeled by Cs females and enrichddSim) showed clear segregation. Each MCs and FSuxp
with synthetic cVA" (FCs/FCs +cVA), “food labeled by Cs females/ food type was “correlated” with a large number of comass

food labeled by Cs males” (FCs/MCs) and “food labeled by D. sim- . . ) -
ulans females/food labeled D. simulans males” (FSim/MSim). FOPounCIS (Fig4D and Tablel). Speci cally, MCs-speci ¢ 434

each dual food choice, we compared Cs ies resulting from di eren€OMpounds correspond to acids (acetichydrazide, acetigs
preimaginal conditioning conditions. We tested (from left to right) (i)isovaleric, hexanoic, and isobutyric acids), ethanal, acetoins

Cs control ies (empty bars or gray bars) to ies resulting from (ii) 6-methyl, 5-hepten-2-one, 2-propanol, pentanol, ethyksz
eggs laid less than 24 h after copulation (D1; blue bars), (iii) egg ) ) o.
laid at least 5 days after copulation (D5; green bars) and (iv) D5 egéscetate’ ethyl-butyrate, ethyl-caprate, ethyl-9-decenoatgs

raised in cVA-rich food (D5 cVA; purple bars). For food preference, €thyl-hexanoate and ethyl-octanoate and to 3 other diverge
the frequency of ies landing on each food source is represented lygompounds (5,5-dimethyl-2(5H)-furanone, methoxy-phenyko
twin bars; the bar with lighter color density depicts the food showryyime and -caryophyllene). a1

on the left side of the dual choice, and the bar with darker color den- . e . .
sity depicts the food on the right side. For each dual food choice, the FSim-specific volatile molecules are heptanoic ang.

di erences between upwind ight and between landing frequencieddfOpionic acids, aldehydes (butanal, decanal, dodecanak
were tested with the Wilks Qikelihood ratio test completed with nonanal, octanal, undecanal), 4-methyl-2-pentanone, alc@a

a computation of signi cance by cell (Fisher's exact test), whereagg|g (2-methyl-butanol, 2-pentanol, 2-hexanol, 4-methylys

landing preference was tested with théest, and the corresponding .
frequencies were compared between the di erent LFs using the WiIerntanOI’ butanol, pentanol and nonanOI)' and diversg

&? likelihood ratio test. For the two frequency parameters, signi -COmpounds such as dimethyl disul de, 2-butoxyethanokaz
cant di erences (at =0.05) are indicated by di erent letters, while ethoxy-ethene, humulen, phenylmethane, 2-butamine and
the level of signi cance for food preference is represented (or not) bN-methyI-methanamine. 249

). < kK. < . kkke < . . - i
e el o requoney ks & kaans o sy 5 W performed a more extensive PCA to compare theo
PF: G234y=5.95, p=0.114, MCS/PFG4y=5.41, p=0.148, FCs/ compounds produced by ies on food with those produces;
PF:G?34=2.79,p=0.425, FCs/FCs + CVAG’34,=2.28,p=0.524, by ies without food (Figure Supp 2; Tabl§. The results s,
FCs/MCs: G’aun=0.07, p=0.811, Fsim/MSim: 92(3(10?1-90’ indicated that compounds emitted by ies of the four genarss
2;8:2321 hl;l?ggg:eg(:df) 204055 Jre‘)qfiga)’-lchs% zfgzizjg;gjgg: types (withou_t food) Iargely overlapped and showgd a largey
pP=0.170, FCSIFCs+CVA: G2sqn=12.47, p=0.006, FCs/MCs: divergence with the chemical pro les corresponding to Pkss
G?aan=1.29, p=0.722, FSim/MSIM:G?34,=0.89, p=0.272;Food  and y-labeled food (FCs, MCs, FSim and MSim). 456
Choice Frequency: —for sake of clarity, only the signi cant values

are provided—: MCs/PF- D1: z=4.5¢=0.0002, FCs/PF—D1.:

2=2.89,p=0.004, FCS/FCs+CVA—D1z=3.27,p=0.0012, FCs/ o
FCs+cVA—D5+cVA: z=3.71, p=00002, MsimFsim—cs: Electrophysiological Antennal Response to cVA 457

z=3.39, p=0.0008, Sim/FSim—D1:z=3.67, p=0.0004, MSim/
FSim—D5:2=2.98,p=0.003; Food Choice Frequency Di erences:  Tg determine the involvement of the peripheral olfactory sysss
EE’S F/)g,'fngg;ﬂi'é%g? _pO:'703.é§33MCFSé:Ps|/:|':% é3ﬁf)c;/zz6g§(if)':0§(_)§;’ tem in the perception of y-labeled food apd, more particussg
p=0.025, FCS/MCs: GZqy=2.43, p=0.489, Fsim/MSim: larly, of cVA, we measured the electrophysiological responsgo
G?(3a=1.73,p=0.630). Two other ight parameters (upwind ight of female and male antennae stimulated with a range/of ¢ 461
latency and time to reach food) are shown in Supplemental Fig. 1 gposes (1-500 pg). We took into account two parameters:
the depolarization amplitude (DA) and the repolarizationss
Moreover, Cs females showed a shorter ight than DZime (RT) duration (Fig5). The analysis of variance (one- 464
females. Males showed a slight preference (or a tendencypy ANOVA) revealed that DA showed a dose-dependends
to land on MSim (than on FSim), while focal femalesresponse similar in both sexes, with a clear increase inducsggl
showed no food preference. by 300 pg and 500 pgvA (Fig. 5A and B). DA variation 467
was continuous in D1 males, while it was discontinuous s
Headspace Analysis of Compounds Present in Food other conditions. RT showed a very di erent variability rangasg
Sources between the sexes (FigC and D). 470
Based on these observations, we plotted the DA and R7
To determine the identity of food compounds potentiallydata obtained in individual Cs, D1, D5 and-b&/A females 472
involved in various aspects of free ight behavior in femaleand males. These data reveal several di erences according
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Fig. 3 Flight and landing preference in single male ies tested forLandlng on food frequency: PF/PF2 Gn=1.89, p=0.596, MCs/
food labeled by ies of various genotypes. The histograms reprePF: G2 (3df)—27 19, p<10™* FCs/PF: 3an=4.12, p=0.248, FCs/
sent (top row) the frequency of male ies taking upwind ight (cal- FCs+cVA: G? @an=7.96, p=0.047, FCs/Mcs: Gz(sdf)=1.06,
culated from the total number of ies tested: see top of each histgp=0.787, FS|m/MS|mG @aan=10.86, p=0.013; Food Choice Fre-
gram bar), (medium row) the overall landing frequency (calculatedquency: MCs/PF- Cs: z=3.6%,=0.0002, MCs/PF- D1z=3.99,
from all individuals), and (bottom row) the landing preferences p<10®# MCs/PF- D5: z=3.52p=0.0002, FCs/FCs+cVA- D5:
on a dual food choice. For parameters and statistics, please refer2e8.73, p<0. 10 MSim/FSim- D1: z=3.13,p=0.002; Food
the legend of Figl. Two other ight parameters (upwind ight Choice Frequency Di erences: PF/PF: %gf =2.49, p=0.476,
latency and time to reach food) are shown in Supplemental Fig. MCs/PF:G? (sdf)—g 406, p=0.024, FCs/PFG" (34, =3.62, p=0.306,
(Upwind ight frequency: WilksG? likelihood ratio test, PF/PF: FCs/FCs+cVA: G? 3an=0.90, p=0.825, FCs/MCs:G? @3dn=4.57,
G(3d,)—0 69, p=0.297, MCs/PF:G? 3df)—0 87, p=0.276, FCs/PF: p=0.206, FS|m/MS|m G? @an=4.10, p=0.251). Two other ight
G? (3df)-0 16,p=0.711, FCs/FCs + cVAG? @an=1.52,p=0.72, FCs/  parameters (upwind ight Iatency and time to reach food) are shown
MCs: G? (3an=0.82, p=0.949, F5|m/MS|mG @an=1.82,p=0.611;  in Supplemental Fig. 1

13

| Journal : Large 10886 Article No : 1416 Pages : 16 MS Code : 1416 Dispatch : 1-3-2023




474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492

Journal of Chemical Ecology

A B I

15 @3

+ &0 27 & &2
2 2
33 R 2
759

10 10

14

| F2(27.64%)
F2(27.64%)

01 03 09 06 15
27 47 61 65934

22
08 17 19 25 30 39 41 43 46 98

-10 -8 -6 -4 -2 0 2 4 6 8 10 12 14 -10 -8 -6 -4 -2 0 2 4 6 8 10 12 14
F1(61.91%) F1(61.91%)

Fig. 4 Headspace analysis of volatile chemicals released by foodounds released by plain food (PF) to food sources labeled by (i) Cs
labeled by ies of various genotypes. To analyze the volatile chemifemales (FCs), (ii) Cs males (MCs), (i)) simulans females (FSim),
cals from several food sources labeled by ies and tested in the winahd (iv) D. simulans males (MSim). (D) Each ellipse representing
tunnel, we used (A) headspace-solid phase microextraction-GC-masach food source corresponds to the compounds (identi ed with their
spectrometry. (B) We obtained chromatograms with many peaksumbers) located at a similar place on the PCA shown in C. For each
each corresponding to an identi ed volatile compound (labeled by aampling type, 3n 4. We also tested volatile compounds emit-
number; please refer to the nomenclature shown in TgblgC) We  ted by ies of similar genotypes but without food (see Supplemental
used principal component analysis (PCA) to compare all the config. 2)

to sex, &¥A dose and treatment (Fi§). In females, YA  showed a substantial overlap for the response of D5 and
doses 100 pg induced similar electrophysiological response®5+ cVA ies and a clear segregation of Cs and D1 ies494
in all treatments. The empty (0) and 1 pg stimulations inducetihe segregation of the “D5/D5cVA” group was mostly 495
noncoherent responses. In males, stimulations with 1-500 Lligked with DA (red arrows) induced by higheVA doses 496
cVA induced similar slope responses in Cs males regardless @00-500 pg) in both sexes. D1 female segregation was
the dose tested. Cs male responses clearly diverged from thoskated to RT (dashed blue arrows) induced by low (1 pgds
shown by D1, D5 and D6cVA males. In particular, the latter or 0 /A doses, while Cs female segregation was relateds
males showed less increased DA and almost no RT variatidio. the RT induced by 100 pg/A. In contrast, D1 males 500

This was particularly clear with the 1 pgA dose. segregated with the DA induced by 1 and 100\, avhile  s;
Control solutions were either tested before e stimula-  the segregation of Cs males was linked to the RT induced doy
tion (hexanol [1], heptanone and para n oil) or after thédc  the highercVA doses (100-500 pg). 503

stimulation test (hexanol [2]). The two hexanol stimulations

and the para n oil stimulation induced slight di erences that

mostly remained within the error variation range, while hepDiscussion 504

tanone induced a divergent response (mostly due to increased

RT) in D1 males and in D5 females compared to the othdrhe present study aimed to test whether and to what extent

same-sex treatments (Suppl Fig. 3). early preimaginal exposure to maternally transmitted faees
The PCA performed with all parameters extracted frontors (¢VA, microbes, etc.) could a ect free ight olfac- so7

these data revealed more subtle e ects (B@). Both sexes tory tracking behavior in Drosophila ies. Speci cally, we so0s
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Table 1 Volatile chemicals
from the di erent ies or
labelled food sources tested
in the wind tunnel, identi ed
using Headspace-Solid Phase
Micro-Extraction-GC-Mass-
Spectrometry (HS-SPME-
GC-MS). The X indicates the
occurrence of the compound
in SPME sampling if 25 D.
melanogaster (or D. simulans)
females and males without food
or on 5 g of plain food

compared individual ies resulting from eggs laid less thanvery similar upwind ight frequencies to the PF/PF controbss
24 h (D1) or more than 5 days (D5) after the copulation ofhoice (61-80%), except for Cs ies (53—-56%). As this temsa
their progenitors. Since D5 eggs are devoid#,ave also  dency occurred in Cs ies of both sexes, plain food elicitesks
attempted to rescue the cVA exposure e ect in ies resultupwind ight less often than y-contaminated food. Wes3s
ing from D5 eggs exposed to cVA-rich food (B8VA). observed a similar tendency with Cs male-processed foeat
Flies resulting from these three “conditioning” experiencegMCs in MCs/PF; FCs/MCs), which elicited increased ightsas
were compared to control Cs ies randomly sampled fronfrequency in both sexes. Similarly, D. simulans-labeled foads
culture vials. The pivotal experiment of our study was per(MSim) elicited very frequent upwind male ights. Togethers4o
formed in a wind tunnel to measure y ability to take upwindthese data suggest that ies can detect food volatile odas
ight and to land on food with regard to food preference in eefore initiating ight. In other words, their ability to dis- 542
dual food choice. Since most food sources tested in the wirmliminate odors determines the behavioral decision preceds
tunnel were “contaminated” by ies of various genotypes,ng their upwind ight. 544
likely disseminating di erent microbes on the food (Wong Females and males showed a relatively similar variation éas
et al.2013; Farine et al. 2017), we hypothesized that thegheir “Landing on food” frequencies. Relatively low landings4s
y-labeled food sources could emit di erent volatile food- responses were induced in all y groups by the PF/PF coss?
derived metabolites that we identi ed using headspace anakol and by the “FCs/FCscVA” choice except in Cs ies. 548
ysis. Moreover, to partly determine the involvement of théhe “FSim/MSim choice” induced low responses in mosto
peripheral nervous system in the di erent ight responsedemales but only in D1 males. The “MCs/PF choice induceto
shown by Cs, D1, D5 and B5cVA males and females, we signi cantly less responses in D1 ies compared to the thres:
measured the electrophysiological response of their anteather conditions. How can we interpret the decreased “langt2
nae tocVA. ing on food” frequency shown by these groups of ies? Fouss

Our free flight experiment revealed that preimaginakremarks may help to understand such variation. (1) D5 assk
conditioning di erentially a ected some behavioral aspectsD5+ cVA ies showed similar responses. (2) D1 ies landedsss
between the sexes. Most female and male groups showleds often in the “MCs/PF” choice than in the “FCs/MCs%s6
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Fig. 5 Electrophysiological antennal response in variously condiMales: B, Fjg ,75726.6—p <10% and repolarization time
tioned ies stimulated by cis-vaccenyl acetate (cVA). We used onetFemales: CJFq o0 1.2—p=0.243; Males: D,Fq 75~=4.8—

way ANOVA to analyze the possible e ect of conditioning on the p<10™). Signi cant di erences (at = 0.05) are indicated by di er
amplitude of depolarization (Females: Fyg g0~ 28.4—p <104 ent letters

choice, indicating that unlike PF, FCs masked the repulsiviactors speci cally provided by D. melanogaster, such as
(or nonattractive) e ect induced by MCs on D1 ies. (3) cuticular hydrocarbons (CHCs) and/or microbes. 575
Flies resulting from the three conditioning groups—but not In addition to the parallel e ect described for the “MCs/s76
Cs—were repulsed bywé& added to FCs. (4) The “FSim/ PF” choice in both sexes, several sex di erences wege?
MSim” choice induced a clear sex di erence: most femalesnoted: D1 females avoided FCs (in the “FCs/PF” choicejrs
but only D1 males, showed low landing frequencies. while D1 and D% cVA females preferred\¢A-rich food 579

The examination of the “food choice” preference car(in the “FCs/FC% cVA” choice). If D1 and D5 cVA  ss0
shed some light on the analysis of the previous parametéemales are attracted byA-rich food, such preference ss1
In the “MCs/PF” choice, all but DBcVA ies preferred—  could allow them to nd—in nature—a food source labeleds2
signi cantly or not—MCs over PF. Moreover, D5 males by recently mated females and by males. In contrast, ness
landed preferentially on MSim (more than on FSim), whilecVA-conditioned D5 females were not attracted YAe 584
D5 + cVA males preferred MCs (over FCs). These data indirich food, indicating that, in nature, ies prefer to visitsss
cate that WA added to the preimaginal diet a ected some—food sources with no or fewer males and mated femaless
but not all—male behavioral responses. However, the fa@onsequently, (i) D5 females would be subjected to less
that all males were indi erent toA\-rich food in the “FCs/  sexual harassment (Makowicz and Schlupp 2013), and (égs
FCs+ cVA” choice test suggests that in the “MCs/PF” choicetheir larvae would be exposed to reduced competition feso
test, male preference was not driven MAdut by other food (Wertheim et al2005). In turn, a low adult masilio
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density could reduce the probability for a female to choose The di erence between DbcVA and D1 ies indicates 596
the most appropriate male, with possible negative e ectghatcVA addition to the preimaginal diet did not mimic itsse7
on o spring tness (Kohlmeier et al. 2021; Wertheim et al. maternal transmission during egg laying. As previously dises
2002) and an increased risk of being parasitized at a loweussed (Everaerts et al. 2018), the di erence between Bds

population density (Hamiltoh971).
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Fig. 6 Electrophysiological antennal response in variously condibetween genotypes makes it currently di cult to identifyez1
tioned ies stimulated by cis-vaccenyl acetate (CVA) and other conthe molecule(s) potentially involved in multiple ight deci- 632

trol chemicals. (A) Each live y was maintained with its head pro- _. . . h .
truding at the tip of a pipette cone. A pu of air with various cVA sions (upwind ight, landing, choice). However, the cleagss

doses was sent onto the whole antenna, whose electrical respohdtersex di erence together with the “FCs — MSim” overlapszs
was recorded according to the cVA dose. The time at which théboth genotypes strongly diverging for their CHCs) suggeséss
stimulation tookhplacedis indicatﬁd with an arrowé)elow the eltra]ctrloant-hat the di erence in volatile chemicals is linked not onlysss
tennograms with its duration shown as a gray bar. For each electri- . . .

cal response, we measured both its amplitude corresponding to tE]% CHC_Idem'ty _but also _to other divergent factors, yery37
depolarization potential (measured in mV) and the duration of repdikely microbes involved in food and CHC degradationess
larization (return until the baseline; measured in seconds). (B) Windeed, some volatile compounds detected here are relagegd
determined the relationship between the amplitude of depolarizgp pacterial activity (isovaleric, hexanoic, and isobutyrigo

tion (x-axis; red color) and repolarization time (y-axis; blue color) _ . -
in females (left) and in males (right) for each cVA dose. In eacﬁ?mlds’ ethanal, acetoine and ethyl butyrate) and/or to yeaat

frame, we compared the response of Cs ies (plain dark lines) to th@Ctivity (hexanoic acid, acetoin, ethyl butyrate, hexanoatg.
response of conditioned ies resulting from D1 eggs (D1; long blueand 9-decenoate) (Becher et al. 2012; Beck et al. 20043
de}Sth "nslsA)’(Bg egg/z(lgs;kn:jediuglgree)n chi‘,i)s‘rllﬁd "’I‘es) Ia”d DS egggrine et al. 2014; Palanca et al. 2013; Ryu et al. 2004)4
raised in ¢ +CVA, dark dotted lines). e global respons . p y " L

of each type of y was compared using PCA taking ir?to accour?t bo?t;rhe hypothesis of a fOOd_rrl_lcrObe_CHC |n.teracF|on IS I€lNe4s
the depolarization amplitude (red plain arrows) and repolarizatioforced by the PCA comparison between ies without foodas
time (blue plain arrows) induced by all cVA doses. The PCA alsqshowing an important overlap without regard to sex angd;

takes into account the depolarization amplitude (red dashed a”OW§beCies) segregating far from y-labeled food types (Figss
and repolarization time (blue dashed arrows) induced by all contr% 12)
o'ﬂpp . 649

substances (see Supplemental Fig. 3). Females are shown on the . . . o
PCA: males are shown on the bottom PCA. Each compound was |he electrophysiological experiment was a preliminaryso
tested in 15 ies of each sex attempt to explore, in the peripheral olfactory systengs:

the in uence of preimaginal conditioning on olfactory-es

driven free ight in adults. This experiment was designedss

nature (biological vs. synthetic) but also to its dispersioto compare the antennal responseV\d of Cs, D1, D5 654
pattern—discontinuous vs. homogenous—in food and thend D5+ cVA females and males. We choséAcsince it 655
simultaneous presence/absence of microbes on the embiy a compound potentially involved both in some of theses
onic chorion (Bakula 1969). Other factors could also bé&ehavioral responses observed in the wind tunnetl (pr&z
involved, such as accessory gland proteins (Herndon ams@&nt study) and in preimaginal conditioning (Everaertss
Wolfner 1995), antibiotic peptides produced by the ejaculaet al.2018). We also chosg/A by default: the identity gs9
tory bulb (Wolfner 2002) and male CHCs (Duménil et al.of food-derived compounds potentially involved in foodsso
2016; Laturney and Billeter 2016). Moreover, we do nopreference remained unknown (see above). The antengal
know whether similar microbes are present on D1 and DEesponse shown by both Cs sexes (control ies) was Sings2
eggs. In nature MA is super cially deposited on food by lar with a proportional relationship between the depolarkss
females laying their rst postmating eggs followed by mat-zation amplitude (DA) and the repolarization time (RT)gs4
ing plug ejection (Laturney and Billeter 2016; Lung andwith DA increasing with theVA dose. This observation is &es
Wolfner 2001).cVA is also deposited by males either by supported by a report showing a similar antennal response
passive transfer (Farine et al. 2012) or in their feces and fedal cVA in Cs females and males (Kurtovic et al. 2007)es7
droplets (Keesey et al. 2016; Mercier et al. 2018). All thesklere, we observed marked sexual di erences in di erees
sources produce a discontinuous and super cial distributioantly conditioned ies. Within the 100-500 jgyA range, 669
of cVA onto the substrate, contrasting with the homogeneousonditioned females showed DA/RT “regression slopeso
presence of synthetio/é& added incVA-rich food. In the  relatively well aligned with those of Cs control femalesg71
rst medium, rstand second instar larvae crawling into theln contrast, within the 1-500 ug/A range, conditioned ¢72
food intermittently encountered/d, while homogeneous males showed a relatively at DA/RT “correlation slopesrs
cVA food induced permanent exposure. These two exposutiie to repolarization times shorter than in Cs males. The
patterns could di erentially a ect the early preimaginal con- sexually dimorphic response of antennae stimulated lys
ditioning process (Durisko et &014). cVA, especially the highly di erent RT variability range, 676
The headspace experiment focused on the quality of foaday partly explain sex-speci c variations in dual foods77
sources tested in the wind tunnel. This highlighted the existhoice. These di erences could be caused by the altergs
ence of a strong sexual dimorphism within each species (fion of sex-speci c features of the D. melanogaster anterzg
melanogaster and D. simulans). The intersex di erence fonae: () the male funiculus harbors more trichoid sensso
volatile chemicals produced by ies interacting on the foodsilla than the female funiculus (Xu et al. 2005); (ii) thes:
may — at least partly — explain divergent food preferencesterase-6 enzyme, involved iWA degradation, shows es2
between our tests. The high number of compounds divergifggher expression in males than in females (Chertemps
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et al.2012); and (iii) the odorant-binding protein OBP69a,References 733
required for the activity of ¥A-responsive neurons, is

reciprocally regulated by\WA between the sexesV&  Addinsoft (2021) XLSTAT 2021: Data Analysis and Statistical Solu734
stimulation decreases the OBP level in males, whereas jt tion for Microsoft Excel. Addinsoft, Paris, France 735

. . aines CB, McCauley SJ, Rowe L (2014) The interactive e ects of36
increases the OBP level in females (Bentzur et al. 2018)?‘ competition and predation risk on dispersal in an insect. Biol Let37

Moreover, ight di erences observed between conditioned  10:20140287https://doi.org/10.1098/rsbl.2014.0287 738
females and males could also be related to a di erent integr&akula M (1969) The persistence of a microbial ora during postenm3g

tion in olfactory signals in their brain. Indeed, since EAG was ~ Pryogenesis of Drosophila melanogaster Invertebr Pathol - 740
14:365-374https://doi.org/10.1016/0022-2011(69)90163-3 741

performet_j on 'mmObl_I'Zed 1S, many se_nsory aspects ShoWﬁau J, Justus KA, Cardé RT (2002) Antennal resolution of pulsed pheus2
by free ying Drosophila were not taken into account, such as  omone plumes in three moth species. J Insect Physiol 48:433-4423
vision and mechanosensation (Bentzur et al. 2018; Dahake et al. https://doi.org/10.1016/S0022-1910(02)00062-8 744

2018; Saxena et al. 2018). Drosophila uses information frof@rtelt RJ, Jackson LL, Schaner AM (1985a) Ester components Bfs
mechanoreceptors on winas and halters and in campaniform aggregation pheromone of Drosophila virilis (Diptera, Drosophi-746
P 9 P lidae). J Chem Ecol 11:1197-1208 https://doi.org/10.1007/bf01@7

sensillae to control ight (Deora et al. 2021). Chemosensory 24108 748
receptors on the anterior wing margin can also change sorfiertelt RJ, Schaner AM, Jackson LL (1985b) Cis-Vaccenyl acetate a®
aspects of free ight (Houot et &017; Raad et a2016). an aggregation pheromone In Drosophila melanogaster. J Cherso

Ecol 11:1747-1756ttps://doi.org/10.1007/bf01012124 751

In summary, Olur StL.de reveals that prelma_\glnal EXPOSUre {9, cher PG, Bengtsson M, Hansson BS, Witzgall P (2010) Flyints2
cVA and/or to unidenti ed maternally transmitted factors can  the y: long-range ight behavior of Drosophila melanogaster 753
a ect several aspects of free ight olfactory tracking behavior  to attractive odors. J Chem Ecol 36:599-607. https://doi.org/1¢54
in Drosophila females and males. Such a plasticity e ect could 1007/510886-010-9794-2 755

derlie th tural variation in behavioral di ionin D rI]Becher PG et al (2012) Yeast, not fruit volatiles mediate Drosophilzeé
undaeriie the naiural variation in behavioral dispersion In Lrosoph- melanogaster attraction, oviposition and development. Funct Eced7

ila populations, allowing di erently conditioned ies to explore 26:822-828https://doi.org/10.1111/j.1365-2435.2012.02006.x758
a higher diversity of food patches. We do not know whether Beck CDO, Schroeder B, Davis RL (2000) Learning performance ab9

is possible for a female that mated more than 5 days earlier to normal and mutant Drosophila after repeated conditioning trialgo
| food patch d id of . | t thi with discrete stimuli. J Neurosci 20:2944. https://doi.org/10.152361
ay €ggs on a 100d patc EVOId Of conspeci Cs. In nature, this INEURDSCI.20-08-02944.2000

762
may happen considering that (1) mated and virgin females sh@¥ntzur A et al. (2018) Odorant binding protein 69a connects sociz3s
similar ight ability (Becher et al. 2010) and (2) Drosophila ies interaction to modulation of social responsiveness in Drosophilas4
can show a very long range ight capacisL@ km in a single PL0S Genet 14:€1007328 https://doi.org/10.1371/journal.pgerss
. . LT b 1007328 766
ight (Leitch et al. 2021)), which increases the probability for 8ghandawat V, Maimon G, Dickinson MH, Wilson RI (2010) Olfactory767
y to land on a food spot devoid of conspeci cs. modulation of ight in Drosophila is sensitive, selective and rapid.7es

) _ _ _ J Exp Biol 213:3625-363kttps://doi.org/10.1242/jeb.040402 769
Supplementary InformationThe online version contains supplemen- Bhandawat V, Olsen SR, Gouwens NW, Schlief ML, Wilson RI (2007j70
tary material available at https://doi.org/10.1007/s10886-023-01416-3.  Sensory processing in the Drosophila antennal lobe increases.

reliability and separability of ensemble odor representations. Nat2
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