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Abstract 

Background 

Most Drosophila species lay their eggs on a wide range of overripe or rotting fruits. By contrast, 

D. suzukii has evolved a strong preference for undamaged ripe fruits, a shift that has made it one 

of the most important pests of small fruits worldwide. Growing evidence suggests that this host 

preference shift is linked to modifications in the fly’s olfactory system. Unlike D. melanogaster, 

D. suzukii is attracted by ripe strawberry volatile compounds for oviposition.  

Results 

In this study, we investigated the mechanisms underlying this behavioral divergence. We identified 

two strawberry volatiles, hexanoic acid and methyl butyrate, that, together recapitulate the species-

specific oviposition preferences. D. suzukii is attracted by this two-component blend, whereas in 

D. melanogaster attraction to this blend is suppressed by an OR-dependent mechanism. In vivo 

calcium imaging of the antennal lobes revealed that the perception of these compounds is largely 

conserved between species, with only subtle differences. This suggests that the divergence in the 

olfactory perception of this two-component blend arises downstream of sensory neuron activity, 

within higher levels of olfactory processing.  

Conclusions 

Taken together, our results suggest that D. melanogaster has evolved an as-yet unidentified 

mechanism for integrating olfactory signals that suppresses attraction to unsuitable oviposition 

substrates when multiple key volatile are detected simultaneously. 
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Background 

Insects must locate suitable hosts to lay their eggs, and most species rely heavily on their olfaction 

to do this. They detect ecologically relevant volatile compounds that signal appropriate oviposition 

sites, leading to attraction and egg deposition. However, even closely related species may evolve 

distinct ecological requirements, resulting in differences in odor perception and oviposition 

behavior [1].  

The evolution of oviposition behavior has been extensively studied in Drosophilids. Some species, 

such as D. melanogaster or D. simulans, are generalists that oviposit on a wide variety of fruits, 

whereas others, like D. sechellia or D. erecta, specialize on specific hosts [2]. However, most 

Drosophila species lay their eggs on decaying fruits, where yeasts provide essential proteins for 

larval development and strongly influences oviposition preference. 

D. suzukii represent a striking exception. While it also uses decaying fruit and yeast as resources, 

it has expanded its host range to include ripe, undamaged fruits, with a strong preference for the 

latter. This host shift has made D. suzukii a major global pest of small fruits and berries worldwide 

[3–5]. A key adaptation underlying this expansion is its elongated, serrated ovipositor, which 

enables females to pierce intact fruit skins – a feat impossible for most other Drosophila species 

[6, 7].  

In nearly all documented cases of ecological specialization, behavioral shifts are paralleled by 

changes in the  olfactory system, altering how flies perceive and respond to  fruit volatiles [8–11].         

The fly olfactory system has been extensively studied, and the response profiles of most the 

receptors have been described in D. melanogaster. Volatile compounds are detected by odorant 

receptors expressed in olfactory sensory neurons (OSNs) housed in sensilla on the antennae and 

maxillary palps [12]. Two receptor families mediate insect olfaction: olfactory receptors (ORs)[13] 

and ionotropic receptors (IRs) [14]. Both require co-receptors for function. ORs depends on the 

unversal co-receptor Orco [15, 16], whereas IRs use multiple co-receptors, including Ir8a, Ir25a 

and Ir76b [17].  

OSNs project onto the antennal lobes, the first olfactory processing center in nhe brain [18]. The 

antennal lobes are divided into functional subunits called glomeruli, each receiving input from 
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OSNs expressing the same receptor. Within the antennal lobes, OSNs connect to second-order 

projection neurons (PNs), which relay information to higher brain centers [19]. Local interneurons 

(LNs) interconnect glomeruli, refining olfactory input and shaping odor perception between OSNs 

and PNs [20].  

The evolution of oviposition behavior in Drosophila has frequently been linked to changes in 

receptor function or OSN sensitivity. For example, in the specialist D. sechellia, the tuning of 

several receptors such as Or22a, Ir75a and Ir75b has shifted towards the detection of specific 

volatile compounds emitted by Morinda fruit, contributing to the species' exclusive host preference 

[9, 11, 21–23]. In D. erecta, a specialist on Pandanus fruit, the sensitivity of Or22a has also evolved 

to detect host-specific compounds [9]. In D. suzukii, OSNs expressing Or22a specifically detect a 

leaf volatile that is attractive to this species and may facilitate the search for habitats containing 

ripe fruit [8, 24]. Furthermore, the coding of several key environmental cues in the antennal lobes 

has diverged between D. suzukii and D. melanogaster [25].  

Although changes in odorant receptor tuning play a central role in the evolution of olfactory-driven 

behavior, downstream modifications in the olfactory pathway may also contribute. For instance, 

differences in the wiring of PNs receiving input from Or22a-expressing OSNs have been reported 

between D. melanogaster and D. simulans compared to D. sechellia [11]. 

In this study, we focused on comparing D. suzukii and D. melanogaster to investigate the opposite 

behavioral responses to ripe strawberry odors. We identified a blend of two key compounds that is 

sufficient to recapitulate this divergence, and determined the receptor families involved. Finally, 

we examined how these compounds are represented in the antennal lobes of the two species to 

assess whether differences at the OSN level could account for the observed behavioral divergence.              

 

Methods 
 

Fly stocks and husbandry 
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All flies were maintained on home-made Nutrifly food 

(http://flystocks.bio.indiana.edu/Fly_Work/media-recipes/germanfood.htm) and reared at 21°C. A 

stripe of Whatman paper was added in the rearing tube to facilitate pupation. For D. suzukii, we 

used the genomic line WT3 as the wild type strain. For D. melanogaster, Oregon R and Canton S 

lines were used as wild type lines. The w1118 line was used as a control for mutant and transgenic 

lines in a w- background. Isofemale lines of D. biarmipes, D. eugracilis, D. pseudoobscura, D. 

willistoni were obtained from the National Drosophila species stock center at Cornell, D. simulans 

and D. teissieri were obtained from Virginie Orgogozo. To study the role of Orco-mediated 

olfaction, the D. melanogaster Orco1 and D. suzukii Orco3 mutant lines were used [26]. In addition, 

a D. melanogaster Orco-Gal4 line was crossed with a uas-Kir2.1line to inactivate Orco-positive 

OSNs. To study the role of IRs, Ir8a and Ir25a mutants were used. Ir25a mutants were obtained by 

crossing two lines carrying a different mutation of the Ir25a gene (Ir25a1 and Ir25a2).   

For calcium imaging, Orco-Gal4 lines (D. suzukii [26]) and (D. melanogaster [15]) were crossed 

to UAS-GCaMP lines (D. suzukii [27]) and (D. melanogaster [28]). 

 

 

Behavioral assay 

 

Description of the assay 

 

A two-choice egg-laying assay was used to assess the oviposition preferences of flies for different 

volatile compounds. In this assay, ten females (7-10 days old) were placed in a chamber (12 cm x 

6 cm x 4 cm) with a choice between two egg-laying plates. Each plate consisted of two parts, as 

previously described [26]: the inner compartment contained the odor source (or a control) and was 

covered with a 3D-printed mesh to prevent direct contact of the odor source, while the outer 

compartment contained an egg-laying substrate made of 5% fructose and 1% agar diluted in water 

(0.5% agar was used for experiments inolving species other than D. melanogaster and D. suzukii,). 

Assays were conducted at 23°C and 60-70% humidity under dark conditions. After 24h, flies were 

removed from the chambers and eggs were counted. An Oviposition Index was calculated as the 

number of eggs laid on the stimulus plate minus the number of eggs laid on the control plate, 
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divided by the total number of eggs laid. Therefore, a positive value indicates a preference for a 

stimulus while a negative value indicates an avoidance of this stimulus.  

A no-choice egg-laying assay was used to assess the stimulatory effect of the odor source on the 

egg-laying activity of the flies. The experiment was performed as described above except that only 

one egg-laying plate was provided. The number of eggs was counted after 24h and compared 

between conditions. 

 

Preparation of the odor source 

 

Frozen organic unsweetened strawberry purée (Sicoly®) was used as the natural strawberry odor 

source. The strawberry purée was thawed overnight at 4°C and brought to room temperature prior 

to the experiment. Approximately 3 mL of strawberry purée was added to the inner compartment 

of the stimulus plate, while an equal volume of water was added to the control plate.  

For experiments with synthetic compounds, 100 µL of pure compound was mixed into 100 mL of 

water containing 1% of agar (final concentration [10-3] (v/v); modified after Lin [29]). The 

synthetic compound was added once the agar solution had cooled down to 40-50°C. The mixture 

was homogenized for 1 min, and 5 mL was quickly poured into the inner compartment of each 

stimulus plate quickly before solidification. Control plates received 5 mL of plain agar (1%) in the 

inner compartment of the plate. For lower concentrations [10-4] or [10-5], 100 µL of a 10% or 1% 

dilution of the compound, respectively, was added to 100 mL of plain agar. Following an initial 

drop in releasing rate just after the agar was poured, the synthetic compounds were gradually 

released from the egg-laying plates with only a slight, consistent decrease over time (Figure S2D; 

see “Chemical analysis” for details). 

 

Chemical analysis 

 

Review literature of strawberry volatile compounds 

 

Since D. melanogaster and D. suzukii are generalist species, their behavioral response to strawberry 

volatile compounds are expected to be largely independent of specific commercial varieties. To 

identify the major volatile compounds typically released by strawberries, a literature review was 
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conducted covering 15 different varieties reported across four studies [30–33]. These studies 

employed various extraction methods, including Solid-Liquid Extraction and headspace solid 

phase micro-extraction (HS-SPME). Only data corresponding to ripe or fully red fruits were 

included in our analysis. When multiple treatments were compared in a given study, only untreated 

(control) fruits were considered. For each compound reported, the quantity was converted to a 

percentage of the total volatile profile. Only compounds accounting for at least 0.1% of the total 

volatiles are reported here.    

 

Chemical analysis of compounds released from egg-laying plates 

To assess the release profile of synthetic compounds from the egg-laying substrate, 1% agar was 

first dissolved in water and heated under stirring until a homogeneous solution was obtained. Once 

the temperature reached 40 °C, methyl butyrate and hexanoic acid (each at 10% in water) were 

added. The mixture was stirred vigorously for 1 minute using a metal spatula, and 5 mL of the 

blend was poured into a 20 mL headspace vial. Vials were sealed immediately prior to gas 

chromatography–mass spectrometry (GC–MS) analysis. 

 

Volatile compound extraction was performed using static headspace (SHS) sampling. Vials were 

incubated at 30 °C for 30 minutes, after which 500 µL of the headspace was injected in splitless 

mode using a 2 mL SHS syringe. Four SHS replicates were performed.  

 

GC separation was carried out on an apolar HP-1 column (Agilent; 100% dimethylpolysiloxane, 

50 m × 200 µm × 0.33 µm i.d.), with helium as the carrier gas at a flow rate of 1 mL/min. The 

temperature program was as follows: from 40 °C to 55 °C at 1 °C/min, then to 85 °C at 3 °C/min, 

followed by a ramp to 270 °C at 25 °C/min, and a final hold at 270 °C for 10 minutes.  

 

For improved quantification, GC–MS was performed in single ion monitoring (SIM) mode. Methyl 

butyrate was monitored using m/z 74 and 87 (from 6 to 15 minutes), while hexanoic acid was 

tracked using m/z 60 and 73 (from 15 minutes onward). Peak areas for each compound were 

measured over a 26-hour period. These areas are proportional to compound concentrations in the 

headspace and provide an initial estimate of the release kinetics of the odorants from the agar 

substrate. 



 

8	

 

In vivo calcium imaging 

 

Female flies (4–8 days old) of the appropriate genotypes were used for in vivo calcium imaging. 

Flies were prepared for imaging following a previously described protocol [34]. Imaging was 

performed using a Leica DM6000 FS upright wide-field fluorescence microscope equipped with a 

40×/0.80 NA water-immersion objective and a Leica DFC9000GT fluorescence camera. Time 

series images were acquired at approximately 25 frames per second in 4×4 binning mode using the 

Leica LAS X acquisition software.  

Using a CS-55 (Syntech, Germany) odor delivery system, throughout the experiments, a 

continuous charcoal filtered air of 1000 ml/min main airflow was delivered to the fly antenna 

through an 8 mm Teflon tube positioned 1 cm away from the fly. The odorants, hexanoic acid (10-

3) and methyl butyrate (10-4) were diluted in water and the blend was prepared by mixing diluted 

hexanoic acid and methyl butyrate at 10:1 ratio respectively. Stimulus was delivered to the fly by 

redirecting 300 ml/min main flow as stimulus flow for 1 sec through a head space vial containing 

5 ml of diluted odorant which later rejoined the main flow.  

Data analysis 

Data were processed using a modified version of an image analysis pipeline described 

previously[34, 35] and the program codes are available on github 

https://github.com/sophie63/FlyLFM. Briefly, acquired time series image was first opened in FIJI 

as image sequence and rigid body transformed using StackReg plugin, thereafter the file was 

converted to Nifti file format. From this voxel time series file dF/F values were extracted by 

subtracting and normalizing by a moving average over 20 sec and further noise reduction was 

achieved by Kalman filtering. Resulting file was used to extract functional regions using principal 

component analysis (PCA) and independent component analysis (ICA). Well delineated functional 

components were manually sorted and matched to different antennal lobe glomeruli using 

previously published AL map references [36, 37]. The relative position of glomeruli within the 

antennal lobes of D. melanogaster and D. suzukii are overall well conserved between the two 

species [36]. The corresponding peak dF/F values from the glomeruli were extracted and further 

processed for statistical analysis.  
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Statistical analysis 

 

Oviposition indices were compared to a theoretical value of zero (no preference) using a 

Wilcoxon’s signed rank test. Comparisons between two groups were performed using the non-

parametric Mann–Whitney U test. When comparing more than two groups, a Kruskal–Wallis test 

followed by Dunn’s multiple comparison test was applied.  

The stimulatory effect of the different stimuli on the egg-laying rate of D. suzukii females was 

compared using a Generalized Linear Model with a negative binomial distribution followed by a 

multiple comparison test (ghlt, multcomp package) with an fdr adjustment method. 

For calcium imaging recordings, to avoid differences due to basal activities and /or calcium sensor 

activities between species, the activity elicited by water (solvent) was subtracted to the activity 

obtained for the different stimuli in each glomerulus for each fly. Because the data followed a 

Gaussian distribution (as confirmed by the Kolmogorov-Smirnov Normality test), responses to a 

given stimulus were then compared between species in each glomerulus using a t-test. Statistical 

analyses were computed with R (R 2.1.1, R Development Core Team, Free Software Foundation 

Boston, MA, USA). Graphics were made either with GraphPad Prism6 or R. Figures were 

assembled with Adobe Illustrator CS6.    

 

Results 

Orco-mediated olfaction blocks egg-laying attraction to strawberry volatile compounds in D. 

melanogaster 

To identify and compare species-specific olfactory-driven egg-laying preferences, we used a 

behavioral assay in which flies were given a choice between two fructose-containing agar 

substrates: one with a ripe strawberry puree in the center and one with water. Each odor source was 

covered with a mesh that allowed the diffusion of volatile compounds but prevented the flies from 

touching, and therefore tasting, the source (Figure 1A).  

In this assay, wild-type D. suzukii are consistently attracted to lay eggs around the ripe strawberry 

odor source (Figure 1B, C). The attraction to strawberry volatiles was actually not restricted to D. 
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suzukii, but was widespread among the different species tested (Figure 1B). In addition to D. 

suzukii, D. biarmipes, D. eugracilis, D. teissieri and D. pseudoobscura were attracted while D. 

willistoni showed a modest, non-significant preference. In contrast, D. simulans and D. 

melanogaster were not attracted to lay eggs by strawberry volatiles. In fact, D. simulans was neutral 

whereas the two strains of D. melanogaster tested (Canton S and Oregon R) were significantly 

repelled (Figure 1C). Remarkably, the behavioral response of D. melanogaster to strawberry 

volatiles was more variable than that of D. suzukii, ranging from a significant avoidance (Figure 

1B, C) to indifference (Figure S1A).  

We then focused on D. suzukii and D. melanogaster, which show divergent olfactory-driven 

oviposition preferences, and asked which family of odorant receptors is involved in this difference. 

To test the role of ORs in the divergence of the response to strawberry volatiles in D. suzukii and 

D. melanogaster, we analyzed the egg-laying preference of Orco mutant flies. In D. suzukii, Orco 

was not necessary to induce an attraction to strawberry volatiles, suggesting the involvement of 

IRs in this attraction (Figure 1C, S1B). In contrast, D. melanogaster Orco mutants were attracted 

to strawberry volatiles to lay eggs (Figure 1C). These results show that some ORs repress the 

attraction to ripe fruit odors in the context of oviposition in D. melanogaster but not in D. suzukii. 

 

Two key compounds, hexanoic acid and methyl butyrate, are involved in the divergent 

behavioral response to strawberry volatile compounds   

Ripe strawberries release dozens of volatile compounds (Figure S2A) [30–33]. We first sought to 

identify the key volatile compounds involved in the behavioral divergence between D. suzukii and 

D. melanogaster. We therefore replaced strawberry puree with 23 individual synthetic compounds 

present in strawberry and/or other host fruits in our olfactory-guided egg-laying preference assay 

(Figure 2A). While most compounds had no significant effect on the egg-laying behavior of D. 

suzukii, four of them (1-hexanol, linalool, butyl acetate, and nerolidol) were significantly repellent 

(Figure 2A). On the other hand, hexanoic acid and methyl butyrate, two chemicals present in the 

strawberry headspace (Figure S2A), were the only compounds for which we observed an attraction 

in D. suzukii (Figure 2A).  
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Hexanoic acid and methyl butyrate elicited similar behavioral responses in D. suzukii and D. 

melanogaster, at the different concentrations tested (Figure 2B,C). However, when presented 

together, the attraction was lost in D. melanogaster but not in D. suzukii (Figure 2D). Similar to 

the strawberry odor, attraction to this two-component blend was not restricted to D. suzukii (Figure 

2E). Indeed, D. biarmipes, D. eugracilis, D. simulans and D. willistoni were significantly attracted 

(Figure 2E). Four species, including D. suzukii and D. melanogaster, showed a similar behavioral 

response to the synthetic blend and the strawberry odor (Figure 1B, 2E). Only the most 

evolutionarily distant species, D. pseudoobscura and D. willistoni, showed a clearly divergent 

behavioral response to the two stimuli (Figure 2E). The loss of preference for the blend of hexanoic 

acid and methyl butyrate in D. melanogaster is unlikely to be due to a chemical reaction when the 

two compounds are mixed, as both are released from the substrate at a relatively stable rate over 

the course of the experiment (Figure S2B). As for the strawberry odor, the response to the synthetic 

blend showed some variability in D. melanogaster, being either neutral (Figure 2D, 3C, 3D) or 

repulsive (Figure 3E, S3), but not attractive as in D. suzukii. Furthermore, our two-component 

blend not only attracts D. suzukii to lay eggs, but it also stimulates oviposition (Figure S2C).  

 

IRs are likely to be involved in the attraction to the blend of hexanoic acid and methyl 

butyrate, whereas ORs suppress this attraction in D. melanogaster   

We next wanted to determine which family of olfactory receptors was involved in the behavioral 

response to hexanoic acid and methyl butyrate. We first examined the responses to individual 

compounds and found that IRs are most likely involved in the attraction to hexanoic acid in both 

D. melanogaster and D. suzukii, as Orco mutants remain attracted to this compound (Figure 3A). 

In contrast, Orco mutants in both species are no longer attracted to methyl butyrate (Figure 3B). In 

this experiment, however, D. melanogaster control heterozygous flies were also not attracted to 

this compound, unlike wild-type flies.  

We next examined the response to the blend of hexanoic acid and methyl butyrate. As with the 

strawberry odor, D. melanogaster Orco mutants were attracted, whereas the attraction of D. suzukii 

was unaffected (Figure 3C). The effect of Orco-mediated olfaction in D. melanogaster was 

confirmed when Orco-positive OSNs were inhibited (Figure S3). In contrast to Orco, the behavioral 



 

12	

response to the blend was unchanged when the main IR co-receptors Ir8a and Ir25a were missing 

(Figure 3D).   	

	   

Antennal lobe activity in response to a blend of hexanoic acid and methyl butyrate is overall 

conserved between D. melanogaster and D. suzukii 

Since our results showed that an Orco-dependent pathway suppresses attraction to a blend of 

hexanoic acid and methyl butyrate in D. melanogaster but not in D. suzukii, we then investigated 

how the fly brain perceives these two compounds in the two species. We used a UAS-GCaMP7s 

line in D. suzukii [27] to monitor and compare with D. melanogaster the calcium activity of OSNs 

at the level of the antennal lobes. A broadly expressed Orco-Gal4 [26] driver was used to visualize 

the activity of OR-expressing OSNs. We stimulated each fly with the individual compounds and 

the blend.  

The relative position of the glomeruli in the antennal lobes of the two species is fairly well 

conserved between D. melanogaster and D. suzukii, which enabled us to identify the responding 

glomeruli [36]. The same six glomeruli (DM1, DM2, DM3, DM5, DM6 and VA2) responded to 

either methyl butyrate, hexanoic acid or the blend in D. suzukii and D. melanogaster (Figure 4). 

Only a few small but significant quantitative differences were observed between the two species in 

response to the two-component blend. Indeed, in D. melanogaster, the neuronal activity was higher 

in the DM3 and VA2 glomeruli (Figure 4B, C). A stronger response in the DM3 glomerulus 

(together with the DM5) was also observed in D. melanogaster when exposed to methyl butyrate 

alone. No quantitative difference was observed in the response to hexanoic acid alone, which 

elicited only a moderate response in each glomerulus (Figure 4B, C).    

 

Discussion 

 

Behavioral divergence between closely related Drosophila species has often been linked to changes 
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in the perception of semiochemical compounds [1]. In this study, we identified a blend of two 

strawberry volatiles, hexanoic acid and methyl butyrate, that elicits opposite behaviors in D. suzukii 

and D. melanogaster. Remarkably,  this blend mimics the behaviors evoked by the natural odor 

profile of ripe strawberry.  

In Drosophila, D. suzukii exhibits a uniquely derived oviposition strategy – preferring ripe fruit, 

while most other species typically lay eggs on decaying substrates. We therefore hypothesized that 

olfactory-driven attraction to ripe fruit for oviposition might have evolved exclusively in D. suzukii. 

However, this hypothesis was challenged by unexpected observations. Several other Drosophila 

species were similarly attracted to ripe strawberry odors, despite being unable to penetrate ripe 

fruit. Conversely, avoidance or indifference to these odors appears more characteristic of D. 

melanogaster and its close relative D. simulans. Among the species tested, only the more distantly 

related D. willistoni showed a lack of significant attraction. This pattern suggests that while egg-

laying attraction to ripe strawberry odors is widespread across Drosophila, this trait has been 

selectively lost in a few lineages. 

From an evolutionary perspective, being drawn to ripe fruit may offer a competitive advantage [38, 

39], enabling early arrival at oviposition sites and readiness for egg-laying as soon as fruit reaches 

optimal ripeness. In contrast, D. melanogaster is ecologically specialized for later stages of fruit 

decay: it relies heavily on yeast colonizing decomposing fruit [40] and exhibits high ethanol 

tolerance [41, 42], traits that facilitate survival in fermenting environments. In this context, arriving 

later and avoiding ripe fruit odors may be adaptive D. melanogaster [39] aligning its reproductive 

behavior with its ecological niche. 

The two-component blend of hexanoic acid and methyl butyrate elicited behavioral responses in 

several species that mirrored their reaction to complex strawberry volatiles, whereas other species 

responded differently. This suggests that different Drosophila species may rely on distinct volatiles 

constituents to detect the same fruit source. Specifically, hexanoic acid and methyl butyrate appear 

to serve as key olfactory cues for D. suzukii, D. biarmipes, D. eugracilis or D. melanogaster, 

guiding them to ripe strawberries. In contrast, species such as D. pseudoobscura and D. willistoni 

are likely to use alternative compounds.  

Notably, behavioral responses varied substantially across all tested species. For instance, for D. 
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melanogaster exhibited outcomes ranging from strong avoidance to apparent indifference toward 

the same stimulus. This variability occurred within the same genetic strain, ruling out differences 

in genetic background as a cause. Moreover, the effect was consistent across both natural 

(strawberry purée) and synthetic odor blends, making differences in odor source quality an unlikely 

explanation. Interestingly, these contrasting behavioral responses were tended to occur at different 

times of the year, suggesting that seasonal or subtle environmental factors may influence the 

outcome. However, the precise cause of this variability remains unresolved.  

Strawberry volatiles, as well as the two-component synthetic blend, not only attract D. suzukii for 

oviposition but also stimulate egg-laying itself, highlighting the key role of hexanoic acid and 

methyl butyrate in guiding this species towards ripe strawberry. Although the same compounds 

mediate both attraction and oviposition stimulation, these behaviors are likely triggered through 

different receptor pathways. In a previous study, we showed that the stimulatory effect of 

strawberry volatiles on egg-laying rate depends on the co-receptor Orco, and thus on OR family 

receptors [26]. In contrast, here we show that attraction to oviposition sites is independent of Orco, 

suggesting the involvement of IR family receptors.  

Oviposition is a multistep behavioral sequence that integrate multiple sensory cues through 

different receptor pathways. Females must first be attracted from a distance, then locate a suitable 

substrate at close range, probe this substrate, and finally deposit an egg. Such stage-specific sensory 

processing has been described for acetic acid in D. melanogaster, it attracts females from afar, 

stimulates egg-laying, yet simultaneously induces contact avoidance [43, 44]. These divergent 

effects rely on the activation of distinct sensory pathways [45, 46]. In the case of the response of 

D. suzukii to hexanoic acid and methyl butyrate, further work will be required to identify the 

specific IRs and ORs that mediate attraction and oviposition stimulation.       

Our results also reveal that a latent IR-mediated attraction persists in D. melanogaster, but is 

overridden by an as-yet-unknown mechanism involving odorant receptors of the OR family. This 

OR-mediated pathway may act either directly – by inducing repulsion – or indirectly –by inhibiting 

IR-mediated attraction within the brain. We occasionally observed avoidance of ripe strawberry 

odors in D. melanogaster, suggesting a direct repulsive mechanism at play. The variability in 

behavioral responses may reflect the relative activation strength of the two pathways: IR-mediated 

attraction and OR-mediated repulsion. However, some findings challenge the direct repulsion 
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hypothesis. For example, IR mutants – lacking IR-mediated attraction – did not exhibit strong 

repulsion, as would be expected if the OR pathway acted solely through a direct mechanism. This 

supports the possibility of an indirect effect, where ORs suppress attraction rather than directly 

inducing aversion. Alternatively, both mechanisms might coexist: a direct repulsion triggered only 

under specific conditions, and an indirect inhibition of the IR pathway. 

Several neurophysiological mechanisms could account for the specific loss of attraction observed 

in D. melanogaster but not in D. suzukii. One possibility is that the OR responsible for the loss of 

attraction is strongly activated in D. melanogaster but only weakly, if at all, in D. suzukii. 

Alternatively, olfactory perception at the level of the OSN may be conserved across species, but 

the downstream neuronal circuitry integrating the signal could have diverged.  For instance, 

activation of the OR pathway in D. melanogaster might recruit LNs in the antennal lobes that 

suppress the attractive input conveyed by the IRs. Such LNs could be absent or wired differently 

in D. suzukii. Under this scenario, species-specific differences in brain activity would emerge 

primarily at the level of the PNs. Finally, the same OR could activate distinct higher-order pathways 

in the two species, driving attraction in D. suzukii but aversion in D. melanogaster. Although our 

results are consistent with these possibilities, they do not allow us to pinpoint the precise 

mechanism. Further experiments will be required to disentangle these alternatives. 

Our calcium imaging results revealed only subtle differences between D. melanogaster and D. 

suzukii. Using previously published antennal lobes maps for both species [36], we found that the 

same six glomeruli responded to the blend of hexanoic acid and methyl butyrate, effectively ruling 

out the existence of a D. melanogaster-specific pathway. Each of these glomeruli also responded 

to the single compounds. Overall, responses to methyl butyrate were stronger than those to 

hexanoic acid, consistence with the tendency of acidic compounds to activate IRs [21, 47].  

As expected, hexanoic acid evoked activity in the DM2 glomerulus, which is known to be driven 

by Or22a [48]. However, we also detected  small but consistent responses in five additional 

glomeruli. Among these,  only DM3 and VA2 showed quantitatively stronger responses to the 

blend in D. melanogaster compared with in D. suzukii. Yet, a similar pattern was observed for 

methyl butyrate alone in DM3 (and DM5), suggesting these differences are unlikely to underlie the 

behavioral divergence, since methyl butyrate is equally attractive to both species. VA2 was the 

only glomerulus to exhibit a blend-specific difference, but in D. melanogaster its response to the 
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blend closely resembled that to methyl butyrate alone..  

With the exception of some quantitative differences – or divergences in the processing of specific 

odorants such as the leaf volatile ß-cyclocitral, which activates the DM2 glomerulus (Or22a) in D. 

suzukii but not in D. melanogaster [8, 24, 25, 36] - the antennal lobe responses of these two species 

appear broadly conserved [36]. It is therefore not surprising that only subtle differences were 

detected at the  OSN level. While we cannot exclude the possibility that small quantitative changes 

influence behavior, our findings suggest that the mechanisms underlying the divergence in 

oviposition behavior are more likely to arise downstream of the OSN activity. This interpretation 

is consistent with the hypothesis of an indirect, OR-mediated pathway inhibitory pathway that 

suppresses attraction, I which case species-specific differences would only be detectable at the 

level of the PNs.  

Finally, our behavioral data suggest that the OR pathway responsible for repulsion may not be 

consistently activated. It is therefore possible that this specific pathway was inactive during our 

calcium imaging experiments and thus remained undetected.            

 

Conclusions           

Taken together, our results reveal that a blend of methyl butyrate and hexanoic acid, two prominent 

strawberry volatiles, attracts D. suzukii to lay their eggs, but not D. melanogaster. We propose a 

model in which this blend activates IRs that drive attraction to suitable oviposition sites. In D. 

melanogaster, however, this attraction is overridden by an Orco-dependent pathway through an 

unknown mechanism. Although we detected subtle changes in the response of OSNs in a few 

glomeruli, the complexity of oviposition behavior suggest that additional likely occurred between 

drosophila species. These may include modifications in neuronal connections within the antennal 

lobes or in higher brain centers that fine-tune host preference. Moreover, differences in the 

perception of other strawberry volatiles with opposing valence likely contribute to the divergence 

in oviposition site preference among Drosophila species when confronted with the complex 

bouquet of fruit odors.       
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Declarations 

Ethics approval and consent to participate 

Not applicable 

Consent for publication 

Not applicable 

Availability of data and materials 

The dataset generated during the current study are available in Table S1.  

Competing interests 

The authors declare that they have no competing interests 

Funding 



 

18	

The project was supported by the European Research Council under the European Union's Seventh 

Framework Programme (FP/2007-2013) / ERC Grant Agreement n° 615789; by the French 

government, through the UCAJEDI Investments in the Future project managed by the National 

Research Agency (ANR) with the reference number ANR-15-IDEX-01; ANR ChemoSuz; and by 

the German Research Foundation, CRC870, A03.  

 

Authors’ contributions 

SL, MC and BP conceived and designed the study. SL performed and analyzed the behavioral 

experiments. CM and BP generated D. suzukii transgenic lines. KPS and ICGK performed and 

analyzed the calcium imaging recordings. MD, XF and TM performed the chemical analyses. SL, 

MC and BP wrote the original draft. All authors reviewed and approved the final manuscript.     

 

References 

1. Anholt RRH. Chemosensation and Evolution of Drosophila Host Plant Selection. iScience. 
2020;23:100799. https://doi.org/10.1016/J.ISCI.2019.100799. 
2. Markow TA. Host use and host shifts in Drosophila. Current Opinion in Insect Science. 
2019;31. https://doi.org/10.1016/j.cois.2019.01.006. 
3. Bolda MP, Goodhue RE, Zalom FG. Spotted Wing Drosophila: potential economic impact of a 
newly established pest. Agricultural and resource economics Update, University of California 
Giannini Foundation. 2010;13. 
4. Walsh DB, Bolda MP, Goodhue RE, Dreves AJ, Lee J, Bruck DJ, et al. Drosophila suzukii 
(Diptera: Drosophilidae): Invasive pest of ripening soft fruit expanding its geographic range and 
damage potential. J Integr Pest Manag. 2011;2. https://doi.org/10.1603/IPM10010. 
5. Asplen MK, Anfora G, Biondi A, Choi DS, Chu D, Daane KM, et al. Invasion biology of 
spotted wing Drosophila (Drosophila suzukii): a global perspective and future priorities. Journal 
of Pest Science. 2015;88. https://doi.org/10.1007/s10340-015-0681-z. 
6. Atallah J, Teixeira L, Salazar R, Zaragoza G, Kopp A. The making of a pest: The evolution of 
a fruit-penetrating ovipositor in Drosophila suzukii and related species. Proceedings of the Royal 
Society B: Biological Sciences. 2014;281. https://doi.org/10.1098/rspb.2013.2840. 
7. Green JE, Cavey M, Médina Caturegli E, Aigouy B, Gompel N, Prud’homme B. Evolution of 
Ovipositor Length in Drosophila suzukii Is Driven by Enhanced Cell Size Expansion and 
Anisotropic Tissue Reorganization. Current Biology. 2019;29. 
https://doi.org/10.1016/j.cub.2019.05.020. 
8. Keesey IW, Zhang J, Depetris-Chauvin A, Obiero GF, Gupta A, Gupta N, et al. Functional 
olfactory evolution in Drosophila suzukii and the subgenus Sophophora. iScience. 2022;25. 
https://doi.org/10.1016/j.isci.2022.104212. 



 

19	

9. Dekker T, Ibba I, Siju KP, Stensmyr MC, Hansson BS. Olfactory shifts parallel 
superspecialism for toxic fruit in Drosophila melanogaster sibling, D. sechellia. Current Biology. 
2006;16. https://doi.org/10.1016/j.cub.2005.11.075. 
10. Linz J, Baschwitz A, Strutz A, Dweck HKM, Sachse S, Hansson BS, et al. Host plant-driven 
sensory specialization in Drosophila erecta. Proceedings of the Royal Society B: Biological 
Sciences. 2013;280. https://doi.org/10.1098/rspb.2013.0626. 
11. Auer TO, Khallaf MA, Silbering AF, Zappia G, Ellis K, Álvarez-Ocaña R, et al. Olfactory 
receptor and circuit evolution promote host specialization. Nature. 2020;579. 
https://doi.org/10.1038/s41586-020-2073-7. 
12. Wilson RI. Early olfactory processing in drosophila: Mechanisms and principles. Annual 
Review of Neuroscience. 2013;36. https://doi.org/10.1146/annurev-neuro-062111-150533. 
13. Vosshall LB, Amrein H, Morozov PS, Rzhetsky A, Axel R. A spatial map of olfactory 
receptor expression in the Drosophila antenna. Cell. 1999;96. https://doi.org/10.1016/S0092-
8674(00)80582-6. 
14. Benton R, Vannice KS, Gomez-Diaz C, Vosshall LB. Variant Ionotropic Glutamate 
Receptors as Chemosensory Receptors in Drosophila. Cell. 2009;136. 
https://doi.org/10.1016/j.cell.2008.12.001. 
15. Larsson MC, Domingos AI, Jones WD, Chiappe ME, Amrein H, Vosshall LB. Or83b 
encodes a broadly expressed odorant receptor essential for Drosophila olfaction. Neuron. 
2004;43:703–14. https://doi.org/10.1016/j.neuron.2004.08.019. 
16. Vosshall LB, Hansson BS. A unified nomenclature system for the insect olfactory coreceptor. 
Chemical Senses. 2011;36. https://doi.org/10.1093/chemse/bjr022. 
17. Abuin L, Bargeton B, Ulbrich MH, Isacoff EY, Kellenberger S, Benton R. Functional 
Architecture of Olfactory Ionotropic Glutamate Receptors. Neuron. 2011;69. 
https://doi.org/10.1016/j.neuron.2010.11.042. 
18. Couto A, Alenius M, Dickson BJ. Molecular, anatomical, and functional organization of the 
Drosophila olfactory system. Current Biology. 2005;15:1535–47. 
https://doi.org/10.1016/j.cub.2005.07.034. 
19. Benton R. Drosophila olfaction: Past, present and future. Proceedings of the Royal Society B: 
Biological Sciences. 2022;289. https://doi.org/10.1098/rspb.2022.2054. 
20. Chou Y-H, Spletter ML, Yaksi E, Leong JCS, Wilson RI, Luo L. Diversity and wiring 
variability of olfactory local interneurons in the Drosophila antennal lobe. Nat Neurosci. 
2010;13:439–49. 
21. Prieto-Godino LL, Rytz R, Cruchet S, Bargeton B, Abuin L, Silbering AF, et al. Evolution of 
Acid-Sensing Olfactory Circuits in Drosophilids. Neuron. 2017;93. 
https://doi.org/10.1016/j.neuron.2016.12.024. 
22. Prieto-Godino LL, Rytz R, Bargeton B, Abuin L, Arguello JR, Peraro MD, et al. Olfactory 
receptor pseudo-pseudogenes. Nature. 2016;539. https://doi.org/10.1038/nature19824. 
23. Álvarez-Ocaña R, Shahandeh MP, Ray V, Auer TO, Gompel N, Benton R. Odor-regulated 
oviposition behavior in an ecological specialist. Nat Commun. 2023;14. 
https://doi.org/10.1038/s41467-023-38722-z. 
24. Keesey IW, Knaden M, Hansson BS. Olfactory Specialization in Drosophila suzukii Supports 
an Ecological Shift in Host Preference from Rotten to Fresh Fruit. J Chem Ecol. 2015;41. 
https://doi.org/10.1007/s10886-015-0544-3. 
25. Dumenil C, Yildirim G, Haase A. Differential Coding of Fruit, Leaf, and Microbial Odours in 
the Brains of Drosophila suzukii and Drosophila melanogaster. Insects . 2025;16:84. 
https://doi.org/10.3390/INSECTS16010084/S1. 



 

20	

26. Karageorgi M, Bräcker LB, Lebreton S, Minervino C, Cavey M, Siju KP, et al. Evolution of 
Multiple Sensory Systems Drives Novel Egg-Laying Behavior in the Fruit Pest Drosophila 
suzukii. Current Biology. 2017;27. https://doi.org/10.1016/j.cub.2017.01.055. 
27. Cavey M, Charroux B, Travaillard S, Manière G, Berthelot-Grosjean M, Quitard S, et al. 
Increased sugar valuation contributes to the evolutionary shift in egg-laying behavior of the fruit 
pest Drosophila suzukii. PLoS Biol. 2023;21. https://doi.org/10.1371/journal.pbio.3002432. 
28. Grover D, Katsuki T, Greenspan RJ. Flyception: Imaging brain activity in freely walking fruit 
flies. Nat Methods. 2016;13. https://doi.org/10.1038/nmeth.3866. 
29. Lin CC, Prokop-Prigge KA, Preti G, Potter CJ. Food odors trigger Drosophila males to 
deposit a pheromone that guides aggregation and female oviposition decisions. Elife. 2015;4 
September. https://doi.org/10.7554/eLife.08688.001. 
30. Lambert Y, Demazeau G, Largeteau A, Bouvier JM. Changes in aromatic volatile 
composition of strawberry after high pressure treatment. Food Chem. 1999;67. 
https://doi.org/10.1016/S0308-8146(99)00084-9. 
31. Azodanlou R, Darbellay C, Luisier JL, Villettaz JC, Amadò R. Changes in flavour and texture 
during the ripening of strawberries. European Food Research and Technology. 2004;218. 
https://doi.org/10.1007/s00217-003-0822-0. 
32. Ménager I, Jost M, Aubert C. Changes in Physicochemical Characteristics and Volatile 
Constituents of Strawberry (Cv. Cigaline) during Maturation. J Agric Food Chem. 2004;52. 
https://doi.org/10.1021/jf0350919. 
33. Jetti RR, Yang E, Kurnianta A, Finn C, Qian MC. Quantification of selected aroma-active 
compounds in strawberries by headspace solid-phase microextraction gas chromatography and 
correlation with sensory descriptive analysis. J Food Sci. 2007;72. https://doi.org/10.1111/j.1750-
3841.2007.00445.x. 
34. Siju KP, Štih V, Aimon S, Gjorgjieva J, Portugues R, Grunwald Kadow IC. Valence and 
State-Dependent Population Coding in Dopaminergic Neurons in the Fly Mushroom Body. 
Current Biology. 2020;30. https://doi.org/10.1016/j.cub.2020.04.037. 
35. Aimon S, Katsuki T, Jia T, Grosenick L, Broxton M, Deisseroth K, et al. Fast near-whole-
brain imaging in adult drosophila during responses to stimuli and behavior. PLoS Biol. 2019;17. 
https://doi.org/10.1371/journal.pbio.2006732. 
36. Depetris-Chauvin A, Galagovsky D, Keesey IW, Hansson BS, Sachse S, Knaden M. 
Evolution at multiple processing levels underlies odor-guided behavior in the genus Drosophila. 
Current Biology. 2023;33. https://doi.org/10.1016/j.cub.2023.09.039. 
37. Grabe V, Strutz A, Baschwitz A, Hansson BS, Sachse S. Digital in vivo 3D atlas of the 
antennal lobe of Drosophila melanogaster. Journal of Comparative Neurology. 2015;523. 
https://doi.org/10.1002/cne.23697. 
38. Shorrocks B, Bingley M. Priority Effects and Species Coexistence: Experiments with Fungal-
Breeding Drosophila. J Anim Ecol. 1994;63:799. https://doi.org/10.2307/5257. 
39. Hodge S, Arthur W, Mitchell P. Effects of Temporal Priority on Interspecific Interactions and 
Community Development. Oikos. 1996;76:350. https://doi.org/10.2307/3546207. 
40. Becher PG, Flick G, Rozpedowska E, Schmidt A, Hagman A, Lebreton S, et al. Yeast, not 
fruit volatiles mediate Drosophila melanogaster attraction, oviposition and development. Funct 
Ecol. 2012;26:822–8. 
41. Mercot H, Defaye D, Capy P, Pla E, David JR. Alcohol tolerance, ADH activity, and 
ecological niche of Drosophila species. Evolution (N Y). 1994;48:746–57. 
https://doi.org/10.1111/J.1558-5646.1994.TB01358.X. 



 

21	

42. Keesey IW, Hansson BS. Neuroecology of Alcohol Preference in Drosophila. Annu Rev 
Entomol. 2022;67 Volume 67, 2022:261–79. https://doi.org/10.1146/ANNUREV-ENTO-
070721-091828/CITE/REFWORKS. 
43. Joseph RM, Devineni A V., King IFG, Heberlein U. Oviposition preference for and positional 
avoidance of acetic acid provide a model for competing behavioral drives in Drosophila. Proc 
Natl Acad Sci U S A. 2009;106. https://doi.org/10.1073/pnas.0901419106. 
44. Becher PG, Bengtsson M, Hansson BS, Witzgall P. Flying the fly: long-range flight behavior 
of Drosophila melanogaster to attractive odors. J Chem Ecol. 2010;36:599–607. 
https://doi.org/10.1007/s10886-010-9794-2. 
45. Chen Y, Amrein H. Ionotropic Receptors Mediate Drosophila Oviposition Preference through 
Sour Gustatory Receptor Neurons. Current Biology. 2017;27. 
https://doi.org/10.1016/j.cub.2017.08.003. 
46. Rimal S, Sang J, Poudel S, Thakur D, Montell C, Lee Y. Mechanism of Acetic Acid 
Gustatory Repulsion in Drosophila. Cell Rep. 2019;26. 
https://doi.org/10.1016/j.celrep.2019.01.042. 
47. Silbering AF, Rytz R, Grosjean Y, Abuin L, Ramdya P, Jefferis GSXE, et al. Complementary 
function and integrated wiring of the evolutionarily distinct Drosophila olfactory subsystems. 
Journal of Neuroscience. 2011;31. https://doi.org/10.1523/JNEUROSCI.2360-11.2011. 
48. Hallem E a, Carlson JR. Coding of odors by a receptor repertoire. Cell. 2006;125:143–60. 
https://doi.org/10.1016/j.cell.2006.01.050. 
	 

 

Figure 1. An Orco-dependent pathway suppresses the preference to lay eggs on ripe 

strawberry odor substrates in D. melanogaster. (A) Schematic of the egg-laying assay. Ten 

females were offered a choice between two substrates (5% fructose) containing either ripe 

strawberry puree or water at the center. The odor source was covered with a mesh to prevent direct 

physical contact. (B)	 Oviposition preference for ripe strawberry volatile compounds in the 

subgenus Sophophora. Attraction to these volatiles is widespread among species but has been lost 

in the D. melanogaster – D. simulans clade. (C) Role of Orco in mediating egg-laying preference 

for ripe strawberry odors in D. suzukii and D. melanogaster. Loss of function of Orco had no effect 

in D. suzukii, whereas D. melanogaster exhibited attraction in the absence of the co-receptor. Each 

point represents a replicate of ten females. Horizontal bars indicate mean values, and error bars 

show 95% confidence intervals. Asterisks above groups indicate significant attraction (above zero) 

or avoidance (below zero) of the stimulus (Wilcoxon signed rank test). Asterisks between groups 

represent significant differences between genotypes (Anova followed by a multiple comparison 

test with a fdr adjustment method).  ns = not significant, * p<0.05, ** p<0.01, *** p<0.001. 
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Figure 2. Specific volatile compounds mediate behavioral divergence between D. suzukii and 

D. melanogaster. (A) In addition to strawberry puree, twenty-three synthetic compounds identified 

in strawberry or other host fruits (cherry, raspberry, blueberry, and blackberry) were tested for their 

behavioral activity in D. suzukii (WT3) at a concentration of 10-4 (v/v). Hexanoic acid was 

significantly attractive, and flies showed a trend toward attraction to methyl butyrate (p = 0.059). 

(B and C) Dose-dependent behavioral responses to hexanoic acid (B) and methyl butyrate (C) were 

assessed in D. suzukii WT3 and D. melanogaster Canton S at three concentrations. (D) A two-

component blend of hexanoic acid [10-3] and methyl butyrate [10-4] attracted D. suzukii WT3 but 

not D. melanogaster Canton S for egg-laying. (E) Egg-laying behavior of eight Drosophila species 

to the hexanoic acid + methyl butyrate blend. Each point represents a replicate of ten females. 

Horizontal bars indicate mean values and error bars shows 95% confidence intervals. Asterisks 

above groups indicate significant attraction (above zero) or avoidance (below zero) of the stimulus 

(Wilcoxon signed rank test). Differences between groups were tested using a Mann-Whitney test. 

ns = not significant, (*) p = 0.059, * p<0.05, ** p<0.01, *** p<0.001. 

 

 

Figure 3. Distinct receptor families mediate egg-laying response to methyl butyrate and 

hexanoic acid. (A) Responses of Orco mutant to hexanoic acid [10-3] in D. suzukii and D. 

melanogaster. (B) Responses of Orco mutant to methyl butyrate alone [10-4] in D. suzukii and D. 

melanogaster. (C) Egg-laying behavior of D. suzukii Orco mutants in response to the synthetic 

two-component blend remain unchanged, whereas D. melanogaster Orco mutants were attracted 

to the blend. (D)  Responses od IR co-receptor mutants (Ir8a and Ir25a) in D. melanogaster to the 

two-component blend. Asterisks above groups indicate significant attraction (above zero) or 

avoidance (below zero) of the stimulus (Wilcoxon signed rank test). Differences between groups 

were tested using a Kruskal-Wallis test, followed by a Dunn’s multiple comparison test. ns = not 

significant, * p<0.05, ** p<0.01, *** p<0.001.  

 

 

Figure 4. Calcium imaging of antennal lobe responses to hexanoic acid and methyl butyrate 

in female D. melanogaster and D. suzukii. Neuronal activity was recorded using the calcium 
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sensor GCaMP expressed in sensory neurons under the control of an Orco-Gal4 transgene. (A) 

Representative antennal lobe images showing responses to the three stimuli in D. melanogaster 

and D. suzukii. Responsive glomeruli are outlined. (B) Individual responses of the six activated 

glomeruli to the three stimuli tested in both species. (C) Color-coded average responses (mean) 

mapped onto a schematic of the antennal lobe for each species. Asterisks indicate statistically 

significant differences in the response between D. suzukii and D. melanogaster (t-test). * p<0.05, 

*** p<0.001. 
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Figure S1 (related to Figure 1). Orco-dependent olfaction suppresses oviposition 

preference for ripe strawberry odors in D. melanogaster. (A) Behavioral assays show that 

D. suzukii (WT3) are attracted to lay eggs on substrates releasing strawberry odors whereas D. 

melanogaster (Canton S) females remain unresponsive (B) Suppressing of the activity of Orco-

positive OSNs does not alter the behavioral response of D. suzukii females. Asterisks above 

groups indicate significant attraction (above zero) or avoidance (below zero) of the stimulus 

(Wilcoxon signed rank test). ns = not significant, * p<0.05, *** p<0.001. 

 



 
Figure S2 (related to Figure 2). A blend of hexanoic acid and methyl butyrate, two 

prominent compounds found in strawberries, recapitulates the behavioral response 

induced by natural strawberry volatiles. (A) Average composition of strawberry volatile 

compounds compiled from a literature survey of 15 varieties. The two attractive compounds, 

hexanoic acid and methyl butyrate are highlighted. (B) Levels (in arbitrary units) of hexanoic 

acid and methyl butyrate extracted from egg-laying plates supplemented with the two-

component blend over time. The yellow shading indicates the 24h time period during which fly 

behavior was observed. (C) A synthetic blend of hexanoic acid [10-3] and methyl butyrate [10-



4] stimulates oviposition in wild-type D. suzukii females to a similar extent as natural strawberry 

volatiles. Differences between groups were tested using a GLM with a negative binomial 

distribution followed by a multiple comparison test with an FDR adjustment method. ns = not 

significant, *** p<0.001.  

 



 
 
 

 

Figure S3 (related to Figure 3). Orco-mediated olfaction modulated attraction to the two-

component blend. Inhibition of the activity of Orco-positive OSNs increases attraction to a 

blend of hexanoic acid [10-3] and methyl butyrate [10-4] in D. melanogaster. Asterisks above 

groups indicate significant attraction (above zero) or avoidance (below zero) of the stimulus 

(Wilcoxon signed rank test). Differences between groups were tested by a Mann-Whitney test. 

* p<0.05, ** p<0.01, *** p<0.001. 

 


