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            Abstract
The categorial nature of sensory, cognitive and behavioural acts indicates that the brain classifies neuronal activity patterns into discrete representations. Pattern classification may be achieved by abrupt switching between discrete activity states of neuronal circuits, but few experimental studies have directly tested this. We gradually varied the concentration or molecular identity of odours and optically measured responses across output neurons of the olfactory bulb in zebrafish. Whereas population activity patterns were largely insensitive to changes in odour concentration, morphing of one odour into another resulted in abrupt transitions between odour representations. These transitions were mediated by coordinated response changes among small neuronal ensembles rather than by shifts in the global network state. The olfactory bulb therefore classifies odour-evoked input patterns into many discrete and defined output patterns, as proposed by attractor models. This computation is consistent with perceptual phenomena and may represent a general information processing strategy in the brain.
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                        Concentration dependence of mitral cell odour responses.
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Figure 2: 
                        Morphing of similar odours.
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Figure 3: 
                        Morphing of dissimilar odours.
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Figure 4: 
                        Transitions between activity patterns are mediated by subsets of mitral cells.
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Neuronal coding
When responding to sensory stimuli, the brain is thought to sort them into discrete perceptual categories, but the neuronal mechanisms involved remain unclear. Jörn Niessing and Rainer Friedrich studied this phenomenon using two-photon calcium imaging to monitor firing-rate changes in zebrafish olfactory bulb tissues exposed to varying concentrations of a range of scent molecules. Presented with a succession of gradually morphing odours, abrupt changes in neuronal firing patterns occurred at the switch from one odour to another. Changes in odour concentration had little effect. These results are consistent with 'attractor' network models for discrete states of neuronal circuits that may extend to other sensory and cognitive processes.
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