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            Abstract
In sensory cortex regions, neurons are tuned to specific stimulus features. For example, in the visual cortex, many neurons fire predominantly in response to moving objects of a preferred orientation. However, the characteristics of the synaptic input that cortical neurons receive to generate their output firing pattern remain unclear. Here we report a novel approach for the visualization and functional mapping of sensory inputs to the dendrites of cortical neurons in vivo. By combining high-speed two-photon imaging with electrophysiological recordings, we identify local subthreshold calcium signals that correspond to orientation-specific synaptic inputs. We find that even inputs that share the same orientation preference are widely distributed throughout the dendritic tree. At the same time, inputs of different orientation preference are interspersed, so that adjacent dendritic segments are tuned to distinct orientations. Thus, orientation-tuned neurons can compute their characteristic firing pattern by integrating spatially distributed synaptic inputs coding for multiple stimulus orientations.
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                    Figure 1: Visually evoked action potentials, subthreshold depolarizations and global dendritic calcium signals.
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Figure 2: Subthreshold local dendritic calcium signals evoked by drifting grating stimulation.
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Figure 3: Heterogeneity and distribution pattern of orientation-tuned dendritic hotspots.
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Figure 4: Spatial arrangement of dendritic hotspots and inputâ€“output relation.
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        Editorial Summary
Cortical neuron output
Many sensory neurons in the mammalian cortex are tuned to specific stimulus features â€” for example, some will fire exclusively when horizontal bars move vertically from top to bottom in the visual field. Whether such tuning is already encoded in a neuron's dendritic inputs or whether the neuron itself computes its selective response has been unclear. Jia et al. have now succeeded in imaging dendritic calcium signals that precede action potentials in mouse visual cortical neurons in vivo, with high resolution in time and space. They discover that, while all neurons receive distributed input signals coding for multiple stimulus orientations, each neuron makes its own 'decision' as to the orientation preference of its firing output. These fundamental results and the authors' new technique â€” visualizing receptive fields of individual synapses â€” have major implications for the future of functional mapping of the brain.
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