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Figure 1. Effects of 4. orientalis and L. brevis combination on the ovipositional decision of D. melanogaster. A: A
diagram of the oviposition preference assay. The surface of fly diet was added with bacteria to generate a fermented
diet for 48 h in the incubator, while the control was used with H,O. Egg-laying preference was assayed using a
two-choice chamber. B: The quantification of ovipositional preference for fly food fermented by A. orientalis and L.
brevis using wild-type Oregon R (OR) and Canston S (CS). C: Effect of A. orientalis and L. brevis on D.
melanogaster fecundity. D: Effects of mating on Drosophila oviposition preference for A. orientalis and L. brevis. E:
The ovipositional preference for the equal mixture of 4. orientalis and L. brevis. F: The ovipositional preference for
the mixtures of A. orientalis and L. brevis under aerobic conditions. Values represent mean+SEM. Single sample
t-test. *: 0.01<P<0.05; **: 0.001<P<0.01; ***: P<0.001.
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preference of D. melanogaster to A. orientalis and L. brevis was changed by anaerobic fermentation. B: The two

bacteria mixed in different proportions affected the ovipositional preference of Drosophila. C: The Drosophila

oviposition preference for fly food fermented with A. orientalis under different oxygen concentrations. D: The

Drosophila oviposition preference for fly food fermented with L. brevis under different oxygen concentrations.
Values represent mean+SEM. ns: P>0.05; *: 0.01<P<0.05; **: 0.001<P<0.01; ***: P<0.001.
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Figure 3. Effects of oxygen on bacterial growth. A, D: OD value of A. orientalis and L. brevis under aerobic and

anaerobic conditions. B, E: Colony-Forming Units (CFU) of A. orientalis and L. brevis in solid medium under

aerobic and anaerobic conditions. C, F: pH value of A. orientalis and L. brevis under aerobic and anaerobic

conditions. Values represent mean+SEM.
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Figure 4. Effects of bacterial metabolites on Drosophila oviposition preference. A: The egg-laying preference of
Drosophila to A. orientalis cells and its metabolites under aerobic and anaerobic conditions. B: The preference of

Drosophila to L. brevis cells and its metabolites under aerobic and anaerobic conditions. Values represent
mean+=SEM. ns: P>0.05; *: 0.01<P<0.05; **: 0.001<P<0.01; ***: P<0.001.
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Figure 5.

The olfactory system mediated oviposition preference of Drosophila melanogaster. A-D: Screening of

candidate sensory modalities for oviposition decision for fermentation. For vision, WT flies in darkness were used;
for olfaction, abactinal females (-ant) and Orco’ mutants were used for gustation, the forelegs that contain gustatory
sensilla were surgically ablated. Data in the figure are meantSEM. Single sample #-test. ns: P>0.05;

*:0.01<P<0.05; **: 0.001<P<0.01; ***: P<0.001.
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Figure 6. Effects of A. orientalis and L. brevis on the survival rate and development duration of Drosophila

offspring. A, D: A. orientalis and L. brevis promoted the survival rate of pupae and adult. B, E: A. orientalis and L.
brevis shortened the development duration of pupae and adult. C: Drosophila larvae and A. orientalis synergized to

reshape the anaerobic environment. F: Drosophila larvae and L. brevis synergized to reshape the anaerobic
environment. Data in the figure are mean+SEM. ns: P>0.05; *: 0.01<P<0.05; **: 0.001<P<0.01.
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Symbiotic bacteria regulate Drosophila oviposition preference
by oxygen concentration
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Abstract: [Objective] We studied how Acetobacter orientalis and Lactobacillus brevis regulate the oviposition
preference of Drosophila melanogaster by oxygen concentration and further explored the biological significance of
this phenomenon through the survival rate and developmental duration of offspring. [Methods] The egg-laying
behavior of Drosophila melanogaster was analyzed by using a double selection device. The OD value and pH value
of bacteria were measured by spectrophotometer and pH meter. The system that mediates the oviposition preference
of Drosophila was detected by altering the visual, taste and olfactory senses of Drosophila. The biological
significance was evaluated by the developmental duration and survival rate of offspring. [Results] Drosophila
melanogaster tended to avoid laying egg on the side of Acetobacter orientalis, the oviposition index was —0.76, but
liked to lay egg on the side of Lactobacillus brevis, and the oviposition Index was 0.5, the ratio of the two bacteria
determined the oviposition selection of Drosophila melanogaster. Anaerobic environment reversed the oviposition
preference to Acetobacter orientalis and Lactobacillus brevis. The OD value of Acetobacter orientalis was 1.3 in
aerobic environment but 0.4 in anaerobic environment. The OD value of Lactobacillus brevis was 2.2 in both
aerobic and anaerobic environment. Disrupting the sense of smell affected the Drosophila’s oviposition to bacteria.
Both Acetobacter orientalis and Lactobacillus brevis promoted the growth of Drosophila under anaerobic and
aerobic environment, increased the survival rate by 1 and 1.5 times respectively, and shortened the development
period of Drosophila by 1 and 2 days respectively. [Conclusion] Both Acetobacter orientalis and Lactobacillus
brevis affected the oviposition preference of Drosophila, and the ratio of them determined the final oviposition
selection. Acetobacter orientalis and Lactobacillus brevis had different metabolic modes by sensing the change of
oxygen, and further regulated the oviposition preference of Drosophila. Olfactory system mediated the oviposition
selection behavior of Drosophila melanogaster. Both Acetobacter orientalis and Lactobacillus brevis improved the
survival rate of offspring and shorten the development duration.

Keywords: oxygen, Acetobacter orientalis, Lactobacillus brevis, oviposition preference, survival rate, development

duration
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