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Psychophysical studies in rodents show that even difficult olfactory discriminations can
be performed accurately within ~300 ms on the basis of a single sniff cycle with theta
frequency (7-8 Hz) (Uchida and Mainen, 2003). These results suggested that a sniff cycle
might constitute a unit of odor coding and a basis for the rapid odor coding.

To examine the neural mechanisms of rapid olfactory discrimination, we monitored the
activity of neurons in the anterior piriform cortex using tetrodes in rats performing an
olfactory discrimination task with two choice directions (Uchida and Mainen, 2003).
Respiration was simultaneously recorded. During the recording sessions, two to four pure
odor pairs were used, as well as binary mixtures of these pairs.

Piriform cortex responses were robust and widely distributed. For neurons tested with >=
6 odors, over half showed a significant response to at least one odor. Responses were
approximately evenly distributed between excitatory and inhibitory activity.

For responsive neurons, spikes were locked to the sniff cycle. Typical responses
constituted of a fast transient (~50 ms duration) with a fixed latency (<100 ms) from the
inhalation onset. When the rat took two or more sniffs before the choice, spike frequency
adaptation was variable.

To quantify the time course of the development of piriform odor representations, the
ability of single neurons to discriminate between odor pairs was quantified by ROC
analysis using either sliding window or cumulative spike counts. These analyses showed
discriminability developed rapidly, usually peaking or saturating within 100 ms of the
onset of the first odor inhalation. Some single neurons could discriminate odor pairs with
accuracy comparable to that of the animal.

These results indicate that piriform cortex neurons represent odor information in a dense
distributed code and that the respiratory cycle strongly patterns the flow of this
information, delivering a substantial fraction of it within the first sniff (< 200 msec). We
suggest that spike rates across ensembles of neurons are likely to be sufficient to account
for the speed and accuracy of elementary odor discriminations.
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