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            Abstract
Establishing precise synaptic connections is crucial to the development of functional neural circuits. The direction-selective circuit in the retina relies upon highly selective wiring of inhibitory inputs from starburst amacrine cells1 (SACs) onto four subtypes of ONâ€“OFF direction-selective ganglion cells (DSGCs), each preferring motion in one of four cardinal directions2. It has been reported in rabbit that the SACs on the â€˜nullâ€™ sides of DSGCs form functional GABA (Î³-aminobutyric acid)-mediated synapses, whereas those on the preferred sides do not3. However, it is not known how the asymmetric wiring between SACs and DSGCs is established during development. Here we report that in transgenic mice with cell-type-specific labelling, the synaptic connections from SACs to DSGCs were of equal strength during the first postnatal week, regardless of whether the SAC was located on the preferred or null side of the DSGC. However, by the end of the second postnatal week, the strength of the synapses made from SACs on the null side of a DSGC significantly increased whereas those made from SACs located on the preferred side remained constant. Blocking retinal activity by intraocular injections of muscimol or gabazine during this period did not alter the development of direction selectivity. Hence, the asymmetric inhibition between the SACs and DSGCs is achieved by a developmental program that specifically strengthens the GABA-mediated inputs from SACs located on the null side, in a manner not dependent on neural activity.
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                    Figure 1: 
                        nDSGCs receive direct GABAergic inputs from SACs located on the null and the preferred side from P4 until adult.
                      [image: ]


Figure 2: 
                        GABAergic conductance in the null-side SACâ€“nDSGC pairs strengthens during the second postnatal week.
                      [image: ]


Figure 3: 
                        Dendritic contacts and cofasciculations between SACs and nDSGCs occur at similar densities for the null- and preferred-side pairs.
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Figure 4: 
                        Intraocular injections of muscimol or gabazine do not alter direction selectivity in nDSGCs.
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How the retina gains a sense of direction
The ability to detect motion in the visual scene is a fundamental computation in the visual system that is first performed in the retina. The cells responsible for encoding motion direction are the direction-sensitive ganglion cells (DSGCs), which fire a maximum number of action potentials during movement in one direction and fire minimally during movement in the opposite direction. Highly selective wiring from inhibitory cells contributes to determining the direction-selection characteristics of these ganglion cells, yet how the asymmetric wiring inherent to these connections is established was unknown. Two groups using complementary techniques, including pharmacology, electrophysiology and optogenetics, report that although inhibitory inputs to both sides of the direction-selective cell are uniform early in development, by the second postnatal week, inhibitory synapses on the null side strengthen while those on the preferred side remain constant. These plasticity changes occur independent of neural activity, suggesting a specific developmental program is executed to produce the direction-selective circuitry in the retina.
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