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            Abstract
The segregation of axon and dendrite projections into distinct synaptic layers is a fundamental principle of nervous system organization and the structural basis for information processing in the brain1. Layer-specific recognition molecules that allow projecting neurons to stabilize transient contacts and initiate synaptogenesis2,3 have been identified. However, most of the neuronal cell-surface molecules critical for layer organization are expressed broadly in the developing nervous system4,5, raising the question of how these so-called permissive adhesion molecules support synaptic specificity. Here we show that the temporal expression dynamics of the zinc-finger protein sequoia is the major determinant of Drosophila photoreceptor connectivity into distinct synaptic layers. Neighbouring R8 and R7 photoreceptors show consecutive peaks of elevated sequoia expression, which correspond to their sequential target-layer innervation. Loss of sequoia in R7 leads to a projection switch into the R8 recipient layer, whereas a prolonged expression in R8 induces a redirection of their axons into the R7 layer. The sequoia-induced axon targeting is mediated through the ubiquitously expressed Cadherin-N cell adhesion molecule. Our data support a model in which recognition specificity during synaptic layer formation is generated through a temporally restricted axonal competence to respond to broadly expressed adhesion molecules. Because developing neurons innervating the same target area often project in a distinct, birth-order-dependent sequence, temporal identity seems to contain crucial information in generating not only cell type diversity during neuronal division6 but also connection diversity of projecting neurons.
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                    Figure 1: 
                        Mutations in 
                        sequoia
                         disrupt synaptic-layer selection of R8 and R7 axons.
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Figure 2: 
                        Transient expression of sequoia in projecting R cells.
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Figure 3: Temporal control of R8/R7 axon targeting by  sequoia.[image: ]


Figure 4: 
                        sequoia
                        -induced temporal targeting competence is mediated via Cadherin-N.
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In the developing brain, many different nerve cells are generated, each one forming specific synaptic connections. Somehow each growing axon or dendrite reaches its target then stops growing. The mechanisms that allow connecting neurons to recognize their synaptic partners are not well understood. Two papers in this issue report on this problem. Morey et al. dissect the interplay of positive and negative gene transcription regulators that orchestrates the synthesis of specific photosensitive pigments and axon guidance molecules in a single component of the Drosophila visual system, the R7 neuron. Surprisingly, they find that a key step in the regulation of R7 layer specificity is the repression of an alternative program of targeting to another layer, one innervated by a related R8 photoreceptor neuron. Again using the Drosophila visual system as model, Milan Petrovic and Thomas Hummel show that timing is key to a neuron finding its synaptic partner. Formation of layer-specific synaptic connection is controlled by a cell-intrinsic timing mechanism that causes distinct axons to stop in different N-cadherin expressing layers, based on when and for how long they express the transcription factor Sequoia.
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