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Ongoing goal-directed behavior involves the encoding of task-relevant information, retrieving that information when needed to execute the 
appropriate behavior, and discarding it to prevent interference with new information. The prefrontal cortex is thought to be involved in all 
those steps by supporting working memory, decision-making, cognitive control of memory retrieval, and behavioral control.

We recorded from the medial prefrontal cortex (mPFC) while rats performed a continuous match-to-sample (CMTS) task. Good CMTS 
performance requires all aforementioned executive functions and CMTS performance is indeed disrupted with mPFC inhibition (Peters &
Smith, 2020, Behav Neurosci) suggesting that mPFC neurons may be encoding match vs. non-match status of odors on the CMTS.

       Main question: Do mPFC neurons differentiate match vs. non-match status of an odor on an olfactory CMTS?

We recorded mPFC activity from four adult male Long-Evans rats, with hyperdrives built in-house and implanted stereotaxially. 
Across the four rats, we recorded 841 mPFC neurons.

On a given trial of the CMTS, rats sampled an odor from a cup, which contained 1 of 12 odors mixed into digging medium. Rats 
learned to dig for a buried reward if the current odor matched the one on the previous trial (match) or to refrain from digging 
and turn away from the cup to initiate the next trial (non-match). Performance errors were recorded if the rat dug on non-match 
trials or refrained from digging on match trials. The CMTS consisted of 96 experimental trials per experimental session, with 50% 
match and 50% non-match trials. There were a total of 50 sessions across all rats.

To help disentangle neural match-signals from motor responses (e.g. digging), video recordings of the experimental sessions 
were coded for the time points at which the rat arrived at the cup, ended any digging response, and left the cup.

Dig in cup if it current odor matches previous odor
Encode current odor to compare against next

Error if failure to dig

~ 20 s delay

Don’t dig, turn away if current and previous odors don’t match
Encode current odor to compare against next

Error if digging

Behavior

Experimental setup, with experimenter placing a cup in one of four 
possible locations (left) and and example of neural tuning to odor 
sampling of a single cell (right)
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Rats performed well (82% correct behavioral responses, per session). Errors consisted almost exclusively of commissions 
(digging on non-match trials). Replicating Peters & Smith (2020), performance on non-match trials was a function of how 
recent a given odor was encountered in a given session (i.e., ≤10, 10-20, >20 trials back, or new odor in that session).
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Population peri-event heatmaps of all 841 mPFC cells, ordered based on highest average firing rate in the first 2 seconds following arrival at the cup on Match trials.  All other plots 
are ordered in the same way (i.e., cell #1 in the Match plot is the same cell #1 in the other three plots). The Match-minus-Non-Match difference plot is a cell-wise subtraction of the 
Match and Non-Match plots, highlighting that some cells have increased firing under Match (grey, values closer to 1) and other cells under Non-Match conditions (red, values closer to -1). 
Non-Match trials with incorrect task performance visualize that incorrect behavioral responses have early firing patterns that briefly resemble those on Match trials with correct performance.  
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Pre-stimulus and post-stimulus features were created by averaging firing rate within two periods relative to cup arrival:
pre-arrival firing -3 to -1 s, and post-arrival, odor sampling from 0 to 2 s. Pre-arrival firing was used as an experimental
control in addition to label shuffling. Firing rates were transformed with a PCA to create features.

Absolute difference Match vs. Non-MatchPost-arrival features of 1 session Time-resolved PCA of 1 trial

Dot = single trial Line = Average abs. di�. on all data
Ribbon = +/- 1 SE 

True Labels

Shuffled

Error bar = +/- 1 SE
PCPC

Pre-arrival and post-arrival features of PC 1, PC 1 and 2, and PC 1 through 3 were used with a naive Bayes classifier
to decode the Match vs. Non-Match trial condition. Chance level (50%) is indicated with the red line. The critical task
condition was decodable above chance with just PC 1. The addition of features from PC 2 or 3 did not add to decodability.
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Trial phases (i.e., pre-arrival, odor sampling & digging or not digging, pre-leaving, and post-leaving) are readily visible in the correlograms. Pre-arrival and post-leaving periods appear more 
similar, in terms of their population code, relative to odor sampling, digging, and pre-leaving periods. Under Match conditions, relative to those same periods under erroneous Non-Match trials, 
odor sampling, digging, and pre-leaving periods may be displaying a stronger self-correlating population code.
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Many mPFC neurons exhibited striking responses when the rat arrived at the cup: 
They were not sensitive to the sensory qualities of the odor cues, but clearly 
differentiated the Match and Non-Match conditions.

Other neurons had firing patterns time-locked to digging, moments surrounding
leaving the cup specifically on a Match trial, or simply being at the cup location.

In sum, mPFC activity reflected the task structure, including Match/Non-Match 
comparison and the decision to dig or turn away. Thus, our results support the 
idea that the mPFC plays a role in working memory, resisting the effects of 
proactive interference, and behavioral control.
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