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Extended DataFig.12|Neural correlates of licking. a) Example lick activity
forasingle session, top trial-averaged, bottom per trial. Animals lick more for
correcttrials (blue) with aclear rhythmaround 10 Hz. Licks were detected
using tongue tracking viaDLC fromside videos. b) Population trajectory
distancebetween correctandincorrecttrials for example regions selected
manually for visible oscillations, with the number of cells (pooled across
sessions) next to the regionacronymin thetitle, aligned to feedback. Right

to each panelis the powerspectral density of the distance curve, all having a
peakaround 10 Hz, correlating with licking. ¢) One example neuron’s activity
(pid="3b729602-20d5-4be8-al0e-24bde8fc3092’, region VPL) to show activity
isphysiological and not an artefact. Left panel, raster per trial with rhythmic
10 Hz activity, also shown in the middle panel by the power spectral density of
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theraster, averaged acrosstrials. Right panel, waveforms of thisneuron across
adjacenttraces, illustrating that the spikes we counted are physiological rather
thanbeing caused by anelectrical artefact. Artefacts could arise, for example,
from current flowing through the drinking spoutinto the Neuropixels probe,
whichwould resultinall traces having a strong waveform. We exclude saturated
segments prior to analysis and after this found no evidence for such artefacts
whensampling various neurons and inspecting the waveforms. d) Single-
session population trajectory distance for select regions with trial-averaged
lick activityinblue ontop.E.g.in MRNaclear correlation with licking was
found whenrestricting the analysis to asingle session, while muchless so

when considering the session-averaged results (not shown).
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Extended DataFig.13 |Regressor windows and variance explainedin

linear encoding model and neural correlates of the task across the brain.

a) Schematic of within-trialwindows inwhich different regressorsin the
encoding model apply to firing predictions. b) Additional variance explained in
aleave-one-out paradigmby eachregressor for the full distribution (left) and
zoomed-in tothe medians of the distributions (right). Note that the range on
theright panelis depicted on the left via dotted lines. ¢) Statistical tests to
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measure responsiveness in different task windows. The schematics show the
summary of all tests, superimposed on the task timeline. Each row represents
aseparate Wilcoxon rank-sum test comparing firing rates in two different
periods over which firingrates were estimated. d) The flat brain map of the
fraction of neurons that show significant task response during at least one of
thetask epochs (test of responsiveness: ¢), using FDR, o, to correct for multiple
comparisons.
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Extended DataFig.14 | Representation of the feedback variable. Analysis of the feedback variable, with conventions asin Extended Data Fig. 6.
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Extended DataFig.15| The behavioural correlates of single-neuron
activity across the brain. a) Statistical tests to measure the behavioural
correlates of single neurons across all sessions. We compute the Pearson
correlation coefficient between the time series of neural activity and five
behavioural variables (nose position, pupil diameter, paw position, and licks,
extracted frombehaviour video by using DLC; see Methods). The significance

of correlationis estimated by a time-shift test’” (Methods), using FDR, o, to
correct for multiple comparisons. b) The flat brain map of the fraction of
neuronssignificantly correlates withatleast one of the movement variables.
¢) The flat brain map of the fraction of neurons that significantly correlate with
one of the movement variables: nose, pupil, paw, tongue.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
Confirmed

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
N Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
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)
2~ AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)
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Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  please see http://viz.internationalbrainlab.org and https://int-brain-lab.github.io/iblenv/notebooks_external/data_release_repro_ephys.html

Data analysis all our code is available at https://github.com/int-brain-lab/paper-brain-wide-map

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.

Data

Policy information about availability of data

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

all the data for this paper are available via http://viz.internationalbrainlab.org and https://int-brain-lab.github.io/iblenv/notebooks_external/
data_release_repro_ephys.html
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Research involving human participants, their data, or biological material
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study design; whether sex and/or gender was determined based on self-reporting or assigned and methods used.

Provide in the source data disaggregated sex and gender data, where this information has been collected, and if consent has
been obtained for sharing of individual-level data, provide overall numbers in this Reporting Summary. Please state if this
information has not been collected.

Report sex- and gender-based analyses where performed, justify reasons for lack of sex- and gender-based analysis.

Reporting on race, ethnicity, or | Please specify the socially constructed or socially relevant categorization variable(s) used in your manuscript and explain why
other socially relevant they were used. Please note that such variables should not be used as proxies for other socially constructedy/relevant variables
: (for example, race or ethnicity should not be used as a proxy for socioeconomic status).
groupings ) . ) )
Provide clear definitions of the relevant terms used, how they were provided (by the participants/respondents, the
researchers, or third parties), and the method(s) used to classify people into the different categories (e.g. self-report, census or
administrative data, social media data, etc.)
Please provide details about how you controlled for confounding variables in your analyses.

Population characteristics Describe the covariate-relevant population characteristics of the human research participants (e.g. age, genotypic
information, past and current diagnosis and treatment categories). If you filled out the behavioural & social sciences study

design questions and have nothing to add here, write "See above."

Recruitment Describe how participants were recruited. Outline any potential self-selection bias or other biases that may be present and
how these are likely to impact results.

Ethics oversight Identify the organization(s) that approved the study protocol.

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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Life sciences study design

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

Sample size the recording strategy is discussed extensively in the methods section for the paper
Data exclusions | the Methods contains an explicit statement on data exclusions

Replication reproducibility for this project is discussed in: https://elifesciences.org/articles/63711 and https://www.biorxiv.org/content/biorxiv/
early/2023/05/18/2022.05.09.491042.full.pdf

Randomization  permutation strategies are discussed in detail in the Methods

Blinding blinding was not possible in this study

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

Research

Laboratory animals we used C57BL/6 laboratory mice
Wild animals n/a
Reporting on sex both sexes were used; and are reported

Field-collected samples  n/a

Ethics oversight All procedures and experiments were carried out in accordance with the local laws and following approval by the relevant
institutions: the Animal Welfare Ethical Review Body of University College London; the Institutional Animal Care and Use Committees
of Cold Spring Harbor Laboratory, Princeton University, University of Washington, University of California at Berkeley and University
of California at Los Angeles; the University Animal Welfare Committee of New York University; and the Portuguese Veterinary
General Board.

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






