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Extended DataFig.1|AdditionalmRPE Model Quantifications. a. like Fig.1e
butinthe contextofalltrials for all cues, instead of just the reversed cue. The
H-Lreversalsstill takes significantly longer than the L>H reversal on average
(p=0.0352,n=20animals). b. Visualization of different model fits for an
example animal, note how the mRPE model function (green) takes longer to
begintodecay after thereversal (yellow arrow). c. Table comparing model
characteristics between the models in Fig. 1k-m. d. Unweighted (negLL) and
weighted (BIC) fit comparisons between models, quantified as the change in
score from the best of the 6 models (top), with post-hoc comparisons visualized

(lower). The heat plots quantify the mean difference between model 1 (right
vertical) and model 2 (left lower). Lower scores (redder) indicate better model
fit. Asterisksindicate significant post-hoc differencesat p <0.05(n =40
animals). This panel supportsFig.1k &l.e. Liked, but comparing the start of
reversal (decay atleast 10% from pre-reversal level) between models. See
Fig.1mfor direct comparisontobehavior. Allerror bars: mean + /- SEM.
Asterisk (*) indicates statistical significance at p < 0.05, see Supp. Table 1 for
more statistical information, including more post-hoc comparisons,
sidedness, and corrections for multiple comparisons.
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1. Generalized Linear Model (GLM)
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» Compute F** | the F-statistic for the bth “null” activity.
» Compute F, the F-statistic for the real neural activity.
* p = ((number of F**>=F) +1)/(B+1)

Extended DataFig.2|Schematic of Time-Series Generalized Linear
Modelling. This figure depicts the process of assigning significant encoding
of specific predictors in neurons. Please see Methods- ‘Generalized linear
modelling’ for more details.



A Two-Photon Recordings
in mPFC, with SLM, and in mPFC-VTA

C mPFC-VTA Optogenetics
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Extended DataFig. 3 | Implant Placement Histology. a. Schematic of
two-photon preparation (left), with sample image (center), and placements
forall experiments (right). Placements from experiments in Fig. 2 only are in
pink (n=3/6), Fig.3inblack (n = 8/8),and Fig. 4 inorange (n = 4/4). The spread
oftheretro-crevirus (asin Fig.41) is denoted with gray translucent overlay
forapplicable mice. The tissue from three mPFC (pink) placements was
inadvertently destroyed in an unsuccessful histology pilot and therefore not
included.b. mPFC dopamine photometry schematic as in Fig. 4a (left) with
sample placement (center) and implant map (left) from all mice (n=7/7).
c.Optogeneticrecording schematic, asin Fig. 5a, with virusinjectionin mPFC
and bilateral fiber placement over VTA (top left), with sample viral spread
image (top center), and combined spread map from all ChR2+ (solid border,
n=10/10) and mCherry (dashed border, n =10/10) animals (top right). Also
included aresample VTAfiber tip placements (lower left) and hit maps from
ChR2+(n=9/10, solid black) and mCherry (n =10/10, dashed outline) animals
(lower right). One ChR2+animal’s VTA slices were too damaged to localize

D mPFC-VTA Photometry

N/A Group (no cannula)

GCaMP+ Cannula
in mPFC
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Fiber
in VTA
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E mPFC-VTA DREADDs
DIO
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'-f&/ olr mCherry |
in mPFC

/

retro-Cre }
rAAV-PGK
-cre in VTA

targetingand are omitted. d. mPFC>VTA terminal recording strategy with
GCaMPésinjected inmPFCand photometry fiber placement over VTA, asin
Fig. 4k (top left) with sample mPFC GCaMPé6s spread image (top center) and
spread maps fromall N/A animals (n = 8/8) with translucent overlay (top right).
VTA placements (n=8/8n/a,7/7Sal.7/7 SCH + RAC) are in the lower row, witha
sample fiber tip track (lower left) and hit maps (lower right). Bilateral cannula
locations (lines) for Sal.and SCH + RAC mice alongside GCaMPé6s spread are
also provided (center). e. Schematic of mPFC-VTADREADD expression
strategy, asin Extended DataFig. 5a (top left) alongside sample DREADD
expressionin mPFC (top center) and hit maps (top right) (n=5/5DREADD, 5/5
mCherry). Alsoincluded are retro-Cre spread maps for all mice (lower).
Abbreviations: PL=prelimbic cortex, IL = infralimbic cortex, Cgl =dorsal
anterior cingulate cortex (ACC), Cg2=ventral ACC.PL,IL,and ACC comprise
therodent medial prefrontal cortex’>. M1= primary motor cortex, M2 =
secondary motor cortex, MO =medial orbital cortex, LO = lateral orbital cortex,
VTA =ventral tegmental area, as defined in the Paxinos Atlas®’.
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Extended DataFig. 4 |See next page for caption.



Extended DataFig. 4 |Stability across Contingency Reversal. a. Hypothesis
for cue stability cell proportions, from previous work? compared to neural
results before (pre), after (post), and across reversal. b. Cue stability map on
two days before reversal, where H > Land H - H cues are high value (dark
purple). c. Cue stability map constructed from two post-reversal stable
behavior days, whereH > Hand L > H cues are high value (dark purple).

d. Acrossreversal cue stability map, with cells tracked from pre-reversal (x-axis)
whereH > Land H > Hare high value to post-reversal (y-axis) where H > Hand

L > Hcuesare high value. e. Example animals with different spacing between
stable pre and post day compared acrossreversal. f. Statistics on the
proportion of stable cue cells for high value (dark purple) and low value (light
purple) cues before, after, and across reversal. There is not a significant
differenceinthe proportion of coding within a cue type inany of the conditions
(p=0.1715, datafrom n = 4 cross-cue comparisons fromn = 6 animals). g. Trial-
averaged time histogram of stable cue cell activity before (pre) and after (post)
contingency reversal, sorted by H > Hactivity. h. Mean +/-SEM traces for stable
cuecellsonH - L(greendash), H~ H (dark purple solid), L > H (light blue dash)
andL > L (light purple solid). Error bars are shaded in accordance with high

(dark purple) or low (light purple) value. i. Quantification of average stable cue
cellactivity during cue and trace interval (0-2.5 s) split by cue (Cue x time
p=0.0032, cells from n =6 animals). Thereis not asignificant difference within
coding of 85% or 15% cues before or after reversal.j. Session permutation
control results, which reflect the correlates of modeled mRPE signals from
reversal days evaluated with GLM on neurons from reversal and other days. If
CDneuronsdisplayed asimilar activity profile to the reversal days on pre-or
post- days, there would not be asignificantincrease in the proportion of
isolated cellson thereversalday (CD:p=0.0071, CE: p=0.1923,n =20 animals).
k.Reversal cell stability quantification. Thereis not asignificant difference
(p=0.6970 n =6 animals) in the relationship with the CD signal for tracked
cellsontheidentification day (2) vs the previous day (1).1. Thereis nota
significant difference between the proportion of excited/inhibited cellsin
imaginginFig.2g vsFig.4h (p=0.1287,n=4PFC-VTA, n=15PFC animals). See
Supp. Table1for more statistical information, including more post-hoc
comparisons, sidedness, and corrections for multiple comparisons. See
Extended DataFig.3 for placements.



Article

d DIO b Days from Reversal
\ Gi DREADD-2 -‘i 0 1T 2 3+

or mCherry Sal. DCZ Injections Sal.

in mPFC .
AAV-PGK , Hypothesis
cre in VTA § MPFCoVTA= 4 @CD
d mCherry_ DREADD e 5 o Start s
1R ||Il|||l|| l oyl 6 - %
> AN
0] i i
e
" £ 2- Mldpomt.
© o ns
I S|
= o<
- © 1 i
- | .-3
55 *
g 8 <E( :_ °
,.,;z!.;.'::::::::' 3 Ao
In:*-nnuun o o
20242024 ISR %
Time from Cue (s) @ Qg,‘?“
&0

Extended DataFig. 5| Inhibiting mPFC > VTA Signaling Impairs CD.
a.Schematic of DREADD expression viral strategy b. Animals received
deschloroclozapine, DCZ (1 mg/kg) one day before and three days during
reversal.c. Thisexperiment tests the hypothesis thatinhibiting the mPFC>VTA
projection willreduce CD signaling during reversal. d. Lick raster plots from
example animals suggestamodestlyimpaired H > L reversalin Gi-DREADD
animals (right) compared to mCherry controls (left). e. Quantifying this
relationship reveals a significantly reduced CD amplitude from the mRPE
modelonthefirstreversalday (p =0.0238,n=5animals per group). All error
bars:mean +/-SEM. Asterisk (*) indicates statistical significance at p < 0.05,
see Extended Data Table 1for more statistical information, including more
post-hoccomparisons, sidedness, and corrections for multiple comparisons.
See Extended DataFig. 3 for virus expression.
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For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
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A description of all covariates tested
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A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)
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For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
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For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated
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Software and code

Policy information about availability of computer code

Data collection We used the following established programs for our data collection: Bruker Prairie View and Olympus Fluoview (2p data collection), Aurora
206A (olfactometer), TDT RZ10 (photometry), Imagel/FlJI (2.17.0). We used custom Arduino/Python scripts (Python 3.7) to collect behavior
data and synchronize it with recordings. These programs were previously reviewed and published and are available at https://github.com/
agordonfennell/OHRBETS

Data analysis We used the following established programs for our analysis: Suite2p (motion correction and ROl extraction), GraphPad Prism 10 (All statistics
besides GLM). We used custom Python 3.7 scripts to analyze our data. Of particular relevance to this project is the python distribution of the
p-value GLM package which is available at GitHub https://github.com/stuberlab/Hjort-et-al.-2026-PFC-and-reversal-learning. We also consider
a number of behavioral analysis models, including our own in this work. A script that runs and compares all models is also available on GitHub
alongside the full dataset of behavior from 40 animals

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The data generated in this paper are publicly available in a FigShare repository https://doi.org/10.6084/m9.figshare.31431814.
We aligned slices to the Paxinos Atlas, digitally available at ISBN 9780128161586

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender n/a

Reporting on race, ethnicity, or n/a
other socially relevant

groupings

Population characteristics n/a
Recruitment n/a
Ethics oversight n/a

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.
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For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Sample sizes were not predetermined but are in line with other publications involving PFC single cell imaging or neuronal photostimulation
including Otis et al. 2017 (PMID: 28225752), Jennings et al. 2019 (PMID: 30651638), Ottenheimer et al. 2023 (PMID: 37382590), and
Piantadosi et al. 2023 (PMID: 38086375). The breakdowns for each experiment are available on Supplementary Data Table 1.

One animal was excluded from the dopamine fiber photometry experiment (Fig. 4 a-e) due to fiber loss during data collection, and one
additional animal was included in pre/post analysis (Fig. 4d) but excluded from the photometry GLM analysis (Fig. 4e) due to a detached patch
cable during the reversal recording. One DREADD animal was excluded from ED Fig 5 due to headcap loss mid-experiment. Anticipating that a
small fraction of animals may struggle with the reversal task, we performed outlier testing using the Grubbs Outlier test in GraphPrism for all
animal behavior datasets (independently within each experimental condition) on the H-L and L-H reversal midpoints. Under this criteria, one
control (Z=2.03, p<0.05) animal was excluded from the experiment in ED Fig. 5 due to significant outlier reversal midpoints

The major results of this manuscript were duplicated in at least two independent cohorts of multiple animals. For the model data in Fig. 1, we
developed our model using n=20 mice and replicated our findings in n=20 additional mice. The imaging data in Fig. 2 comes from 4
independent cohorts of mice (total n=15 mice, split n=3, n=3, n=3, n=6) with consistent results. The SLM results in Fig 3 for Exp. 1 and 2 were
replicated in two independent cohorts of animals (total n=8 animals, split n=3, and n=5). SLM Exp. 3 took place in only the second cohort, with
consistent results across n=5 mice. Mice for the dopamine photometry experiment in Fig. 4a were split into 2 cohorts (total n=7, split n=3,
n=4). The mPFC-VTA imaging experiment (Fig. 4f) was split into 2 cohorts (total n=4, split n=1, n=3). The mPFC-VTA photometry experiment
was split into 2 no cannula (N/A) cohorts (total n=8, split n=4, n=4) and 2 experimental cohorts with cannula (total n=7 SCH+RAC, n=7 saline
animals, split: cohort 1= 4 SCH-RAC, 3 Sal, cohort 2= 3 SCH-RAC, 4-saline). The Slice 2p experiments (Fig. 5a) represent data from n=15 GABA
slices from n=3 vgat-cre animals and n=22 DA slices from n=3 dat-cre animals. The mPFC-VTA optogenetics experiments from Fig. 5h
represent data from 2 cohorts (total n=10 ChR2 and n=10 mCherry animals, split: cohort 1=4 ChR2 and 4 mCherry, cohort 2=6 ChR2 and 6
mCherry). The post-reversal laser-off timepoint was only collected in cohort 2 (n=6 ChR2 and n=6 mCherry animals). The mPFC-VTA DREADD
experiment (Fig. ED5) represents results from 2 cohorts (total n=5 DREADD and n=5 mCherry animals, split: cohort 1= 1 DREADD and 3
mCherry animals, cohort 2= 4 DREADD and 2 mCherry). In all cases, results replicated between animals within a cohort as well as across
cohorts for each experiment.
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Randomization  For experiments with control and treatment groups, we split cage mates evenly into both groups during surgical preparation and used male
and female mice for all groups in all studies

Blinding For experiments with control and treatment groups, blinding was not possible because the same experimenters performed the surgery

(injecting different viruses or drug cocktails) and ran the behavior. Analysis of the behavior of these cohorts was performed using established
modeling programs that require minimal user input.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies |Z |:| ChiIP-seq
Eukaryotic cell lines |:| Flow cytometry
Palaeontology and archaeology |Z| |:| MRI-based neuroimaging

Animals and other organisms
Clinical data

Dual use research of concern

XXX OKXO S
OO0OXOOKX

Plants

Antibodies

Antibodies used Anti-Cre Recombinase Antibody, clone 2D8 MAB3120

Validation This antibody has been validated by Sigma-Aldrich, the manufacturer as well as in over 150 peer-reviewed publications. More
information is available on the maufacturer's site: https://www.sigmaaldrich.com/US/en/product/mm/mab3120

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals This study used male and female Wild-Type C57BL6J mice between 3 and 6 months of age obtained from Jackson Labs or their
progeny, except for the slice 2p experiments in Fig. 5 which used the progeny of Vgat-Cre and DAT-Cre mice between 2 and 4
months of age.

Wild animals No wild animals were used in this study.
Reporting on sex We used a combination of male and female mice for all studies. We did not observe any sex differences in coding or behavioral
outcomes.

Field-collected samples  This study did not include field collected samples.

Ethics oversight The University of Washington Institutional Animal Care and Use Committee approved all procedures in this manuscript under
protocol #4450-01

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Plants

Seed stocks n/a

Novel plant genotypes  n/a

Authentication n/a
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