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During development, neurons establish a neural circuit by synaptic connections through synaptogenesis
(synaptic specificity). After development, a neural circuit is modulated by stimulus-dependent changes in
synaptic properties (synaptic plasticity). However, the molecular mechanism remains elusive. Drosophila is
an excellent model organism for the comprehensive search for new molecules because of its abundance of
genetic analysis tools and short life cycle. Using the Drosophila visual system as a model, we conducted two
studies: (1) to search for and identify synaptic stabilizing molecules in activity-dependent synaptic plasticity
and (2) to elucidate the molecular mechanisms underlying synaptic specificity.

(1) Previous research revealed that the synaptic numbers of Drosophila photoreceptor RS
reversely change depending on the light stimulation. Using this stimulus-dependent plastic change in
synapse number, five "synaptic destabilizing molecules" were identified. On the other hand, synaptic
stabilizing molecules were largely unknown. Therefore, we performed an RNAi screen against 300 genes to
search for molecules involved in synaptic stabilization. First, 27 candidate genes were selected by using the
formation of aggregate signals of Brp-short-mCherry as a simple marker of synaptic destabilization. Next, a
custom-made image analysis software which automatically counts the number of synapses along individual
R8 axons was developed and identified cir/ as a candidate gene responsible for synaptic assembly. Finally, our
study proposes a new model of stimulus-dependent synaptic assembly through the interaction of cir/ and its
possible ligand, ten-a.

(2) By genetic screening, Side was identified as a new synapse organizing molecule. Side made
cluster complex with Beat by transsynaptic interaction and recruits a component of the presynaptic active
zone. Side-1V transduced signals for synapse induction through its co-receptor, Kirre, and a synaptic scaffold
protein, Dsyd-1. By the loss of function analysis, our data revealed that Side instructed the location of
synapse formation of the monopolar neuron. Side showed subcellular localization defined by Beat restricted
in the proximal region where synapse formation occurs. The subcellular localization of Side-IV limited the
localization of Dsyd-1 in the proximal region and inhibit the mis-wiring. Our data demonstrated an

instructive role in the synapse induction of Side and its regulatory mechanism of synaptic specificity.
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