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Mutualism is a complex network of cooperative interactions of many species, but the benefits of non-cooperative
“cheaters” are larger than the cooperative trait, and thus evolutionary theory predicts that mutualism is evolutionarily
unstable. In a mutualistic interaction between a lycaenid butterfly Narathura japonica and an ant Pristomyrmex punctatus,
we found that the nectar provided to the ant is not just a "nutritional reward" but a “manipulative drug" that manipulates
the ant behavior and the mutualism is maintained by the selfish action. In this study, to reveal the mechanism of
mutualism through behavioral manipulation at the genes, neurons, chemical levels, comprehensive analysis of gene
expressions in ant brain, behavioral experiments, and LC/MS/MS analyses of nectars were conducted.

First, in order to conduct comprehensive analysis of genes, next-generation sequencing of P. punctatus ants were
conducted. From the obtained data, de-novo assembly was performed to generate a reference sequence for RNA
sequencing. After that, we created experienced and unexperienced ants and performed transcriptome analysis of each
brain. At present, we are proceeding with annotation and expression analysis of each gene. In addition, in order to identify
substances that cause behavioral manipulations, the nectars collected from lycaenids were subjected to LC/MS/MS
analysis. As a result, in addition to the previously reported free amino acids, peptides consisting of 4 to 6 amino acids and
small amount of alkaloids were detected. In addition, as a result of behavioral experiments, it was found that the ants’
locomotory activity was significantly reduced 7 hours after nectar feeding. In the future, we will proceed with the
identification of manipulative substances by performing bioassays using these identified compounds.




