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Abstract Until recently, it has been possible to examine activity in the brain globally through regional averaging or locally at5

cellular resolution. These studies characterized regions as functionally homogeneous entities (e.g. V1 for extracting low-level6

visual features) or single neurons in a region as heterogeneously tuned (e.g. mixed selectivity). Here, we leverage the7

unprecedentedly dense IBL electrophysiological recordings in mouse brains during a sensorimotor decision-making task and8

computationally combine these to generate a global event-aligned high temporal precision cellular-resolution functional map.9

We find that individual neurons specialize in simple functions, and ordering neurons by functional similarity reveals at cellular10

andmillisecond resolution the temporal arc of computations unfurling over the phases of a trial and across the brain, providing11

a way to interpret neural variance beyond sensory andmotor responses. Functionally similar cells are highly dispersed across12

regions, and each region contains cells of nearly all response types. Functional tuning is barely predictable by cytoarchitectural13

boundaries or spatial coordinates, or vice versa. The primary regional distinction is between cortical and subcortical processing,14

with subcortical neurons carrying most of the internal computations of expert animals, from integration to decision making and15

movement initiation. At most, the brain exhibits regional structure in a distributional sense: the flatness of an area’s distribution16

of di�erent functional cell types is lowest in cortical regions, but there is no clear correlation between distributional17

specialization and anatomical measures of cortical hierarchy. Finally, the high temporal resolution of electrophysiological18

recordings and the inclusion of subcortical areas reveal the existence of a novel set of robust collective and distributed19

processing networks in the brain, which rapidly emerge and dissolve across phases of a trial. These results point toward the idea20

of spatially wide-ranging dynamical processing – winding throughmost brain regions and involving a subset of neurons in each –21

to carry out basic functions, and contrast with the idea that brain areas are functionally specialized units.22

Introduction23

From phrenology to cytoarchitectural brain partitioning, the single area–single function hypothesis has been a durable concept.24

In fact, there are clear specializations in neural processing, from the sensory periphery (e.g. visual receptive fields [1], whisker25

mapping [2], auditory frequencymapping [3]) to high-level associative regions (face recognition areas [4, 5], groups of brain26

regions processing various movie aspects [6]), while sub-mm-resolution recordings show di�erential participation of brain areas27

in functionally distinct tasks [7, 8, 9, 10, 11, 12, 13, 14].28

Regional averaging-basedmethodsor sparse single-cell recording studies have characterizedbrain areas as having a relatively29

homogeneous function (e.g. V1 for extracting low-level visual features in cats [15]). Moreover, specializations exist on very large30

scales where circuits have distinct architectures, such as cortical (recurrent) versus cerebellar (largely feedforward) processing31

[16].32

Moremodern recordings have shown, by contrast, that cells in high-level cortical areas can have heterogeneous tuning to33

multiple variables, the idea of multiplexing or mixed selectivity, which has been argued to be functionally useful for various34

reasons [17, 18]. These findings raise two critical and open questions: Howwidespread is cellular functional heterogeneity –35

does it extend across the brain or is it limited to higher brain areas that are hypothesized to synthesize information from all36

sensory streams? Does the idea of single area–single function hold when examined without regional averaging? And how does37

one reconcile regional function assignments with heterogeneous neural responses?38

Regional specialization is consistent with a primarily feedforward perspective on brain function: information arrives at39

a region, is processed locally (possibly involving within-region recurrence), then is passed to the next region and so on. On40

the other hand, the brain possesses massive recurrence in the form of not only local interactions but also reentrant feedback41
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from multiple regions to determine ongoing activity. In this view, even basic functions may be distributed across multiple42

coordinating brain areas (fig. 1f). We previously lacked tools to discern, at cellular resolutionwith broad coverage, the prevalence43

of widespread recurrent and feedback processing.44

To answer the questions above, we examine an unprecedentedly large (approximately 6 × 104 neuron) dataset of single-cell45

resolution Neuropixels recordings across the mouse brain as mice perform a simple visually-driven response task. In this task,46

internal expectations shape perception and guide the sequence of perception, evidence integration, decision-making, and action47

[19], engaging the whole brain [20]. Wemap how task demands, variables, and processes interact, and how their representations48

anddynamics unfold across themouse brain. With appropriate neural ordering of this dense brainwide dataset, we can nearly see49

thoughts writ in neural activity and trace their progression over time and across the brain. Consistent with recent reports[20, 21],50

direct input-driven responses involve a small fraction of neurons, movement correlates with a substantially larger fraction, but51

the majority of cells encode correlated internal signals across the brain, such as the binary choice taken by the animal.52

We find that most single neurons have specialized and non-mixed selectivity for specific functions, but cytoarchitecturally53

defined areas have highly diverse populations of functional neuron types that barely predict and are barely predicted by54

electrophysiological cell type, nor cytoarchitectural boundaries, nor 3D location in the brain. Conversely, neurons belonging to a55

functional class are homogeneously distributed across the brain, as found earlier for single regions [22]. The idea that certain56

brain regions mostly perform certain functions, holds at most for primary sensory areas. Correlating cellular responses at the57

region-wide level, we find that regions form transient processing networks, with dynamically shi�ing coalitions across di�erent58

phases of the task. This dynamical reallocation of regional processing provides a distinct view than a�orded by assigning a59

function to each area. Finally, we find that themost prominent regional distinction is between cortical versus subcortical groups,60

with subcortical areas performing most of the critical cognitive functions of the task. In sum, our results suggest that distributed61

brain-wide circuits implement even simple functions.62

Results63

On each trial of the IBL task, mice were presented a visual stimulus on the le� or right of a screen and they reported their64

perceptual decision about the stimulus by moving a wheel clockwise or counterclockwise (thus steering the stimulus to the65

center of the screen), Fig. 1a. They received a water reward (time-out) if the response was correct (incorrect). Following a66

short and variable-duration inter-trial period (rest), animals had to be still (quiescence) for at least 200 ms before the next trial67

could begin. Trials were presented in blocks (of variable numbers of trials) in which the probability of le� versus right stimulus68

appearance was 0.8:0.2, alternating with blocks where this probability was flipped (0.2:0.8). Thus, animals could in principle69

learn this block structure, estimate the block side, and leverage this information to makemore correct decisions. Well-trained70

animals tended to do so [19, 23].71

Neural activity was recorded with up to two Neuropixel probes per well-trained mouse, over 139 animals, resulting in dense72

single-neuron resolution coverage of the le� hemisphere. The resulting dataset comprises approximately 6 × 104 neurons with73

histologically reconstructed anatomical locations aligned to a standard brain Fig. 1a,b (for complete details on task, see [19] and74

on dataset, see [20]).75

The time-course of summed brain-wide activity over the arc of perceptual decisionmaking76

Despite the variable nature and durations of the trials, behavior, and cells, and the acquisition of neurons from di�erent animals,77

wecould jointly leverage the internal temporal structureof each trial anddefinemultiple distinct trial types toobtain standardized78

and aligned functional response vectors for each neuron, allowing us to pool and compare them as follows.79

Each trial consisted of multiple "events": the times of stimulus, movement, and feedback onset, and the onset of the80

quiescence-dependent period. We windowed and aligned each neuron’s activity in a trial to the trial events (rest period start,81

quiescent period start, stimulus onset, pre-movement onset, movement onset, and feedback onset), Fig. 1a. For each window,82

we defined a partition of trials into types. For instance, in the quiescence window, trials were partitioned into le� and right83

block groups, to construct an average le� block and average right block response per cell. We thus generated a peri event-time84

histogram (PETH) for le� and right blocks for each cell. Similarly, in the stimulus windowwe partitioned trials into eight types85
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(whether the stimulus, choice, and block sides were on the le� or right), and constructed an average response of each cell in the86

stimulus window to each of the eight trial types.87

We first consider how the full brain-wide neural population responds across conditions and trial events, by taking a simple88

grand average of all cellular responses, Fig. 1c. These curves of mean brain-wide responses in each trial window and across89

trial types reveal a rich first view of brain states and computations: brain-wide activity in the required quiescent period before90

stimuli can be presented is significantly suppressed relative to activity during simple rest. Further, activity during quiescence is91

strongly modified by internal expectation of a broader task context: each session begins with 90 trials that have no block side92

bias (50b), and the quiescent interval activity during these trials is much lower than during trials in which there is a le� or right93

bias. Next, there are at least two distinct activity phases during the stimulus onset phase, a rapid response peak that decays94

and a slower ramping phase. The response ramps divide into two groups: On top are the 4 PETH types with correct response95

(i.e. congruent stimulus side and choice for each block type) and below the 4 mistake conditions (2 incorrect combinations,96

one per block). Movement onset is preceded by a ramp to a threshold, and the largest mean response is evoked immediately97

following positive and negative feedback. Despite the very di�erent nature of the positive and negative feedback (water versus98

time-out), and the greater amplitude of response to positive feedback, the neural response decays to both types of feedback99

are, surprisingly, nearly identical, although positive feedback activity displays an overlaid water licking-related oscillation (see100

Extended Data Fig.12 in [20] for examples). Thus, these trial- and cell- grand-average PETHs reveal brain-wide processing over101

the arc of preparation, stimulus processing, decisionmaking, movement initiation, and feedback. They show the relatively small102

e�ect of stimulus perception (rapid sharp stimulus response) on brain activity, the gradual generation of strong internal activity103

via integration (ramping activity), decision thresholding (arrival of the distinct movement-aligned PETH responses to a similar104

value at movement time), huge e�ects of feedback processing, andmodulation of inter-trial states based on context and internal105

expectation.106

Single neuron responses during the task form interpretable functional clusters107

Next, we turn to cellular-resolution responses. For each neuron we concatenated the above-defined PETHs and a few others108

(e.g. rest PETH, positive feedback PETH; list of all PETHs in table 1) into a long vector and z-scored the result to obtain that109

neuron’s “feature vector”. An annotated feature vector from an example cell is shown in Fig. 1d. Thus, we engineered a succinct,110

standardized, equal-length and equal-variance functional description for each cell, exploiting the IBL task structure.111

To define functional response categories, we cluster the resulting cellular feature vector matrix (Nc × NT dimensions;112

Nc = 61473 is the number of cells andNT = 2496 (tbin = 125ms) is the length of each feature vector) via k-means. Using 10-15113

clusters generates readily interpretable and reproducibly defined categories, Fig. 1e (Fig.S6 for more cluster numbers).114

Response components whose largest or narrowest peak is within a specific trial event are identified as associated to that115

event: for instance, the first response component (Fig. 1e, 1st line from top, dark red) exhibits significantly increased firing in116

both the stimulus and pre-movement periods, but the responses are more sharply peaked when aligned tomovement onset,117

thus it is considered to be a choice- or motor-related response. Comparing curves with movement onset aligned peaks (1st, 5th,118

and 7th lines), two (1st, 5th) are accelerating toward the time of movement onset, indicating choice/movement initialization119

related activity, while the 7th exhibits non-accelerating linear ramps, indicative of an integrating mode. The stimulus responses120

(which putatively include responses to both the auditory tones and visual stimuli) are small compared to choice-, movement-,121

and feedback-related responses (cf. Fig. 1c), and thus do not show up prominently in the clustered responses but are present122

as narrow peaks aligned to stimulus onset (3rd line). Strikingly, four distinct mistake response components, separate for the123

di�erent mistake contexts, are apparent (2nd, 9th, 11th, 12th lines; gray blocks in Fig. 1d designate mistake trials, in which124

stimulus and choice are onopposite sides): these components are highly activated in oneof the fourmistake trials. Their response125

profiles during the mistake trials are relatively flat and of similar amplitude when stimulus-aligned or movement-aligned.126

All components but one (6th line) show suppressed responses in the 50b interval, which is the inter-trial period of the block127

of 90 trials initiating each recording session in which the stimuli are presented with 50% probability on either side. Finally, one128

component (13th line) shows linear rate ramps during every trial when aligned to stimulus onset but not movement onset, and129

which does not appear to be contextually modulated by stimulus side, block side, or choice side. Wemight tentatively interpret130
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this component as a timer from stimulus onset. Our goal in forming these functional clusters is to investigate the anatomical131

distribution of functions across anatomically defined brain regions, and thus use our brain-wide recordings to address the132

question of whether basic functions are assigned to specific brain regions (Fig. 1f, le�), or whether each basic function is carried133

out by loops and pathways that involve brain-wide coordination across most regions (Fig. 1f, right).134

e

Figure 1. Task structure, functional clustering of brain-wide cellular responses, and hypothesis. a The IBL task: a mouse keeps still (quiescence period) to trigger a visual

stimulus on the le� or right (Ls orRs). If it chooses and reports the correct stimulus side (Lc orRc , respectively) by turning a wheel in the appropriate direction, it receives a reward

(feedbk 1); otherwise it receives a timeout with white noise over the duration (feedbk 0). A�er a short rest period, the trial begins again. Stimulus and feedbk 1 onset are accompanied

by an auditory cue. The probability the stimulus appears on the right side is elevated for a block of trials (Rb) of variable length; the probabilities then flip without an explicit cue so le�

stimuli becomemore probable (Lb). Neuropixel probe tracks across 139 mice that perform the task at or above expert criterion level densely tile the le� hemisphere [20]. b The total

yield for our analyses is 61473 neurons passing quality control across mice [20], rendered as dots colored by 260 anatomical “Beryl” regions. c Grand-average brain-wide neural

responses aligned to key trial events, separated by trial type (8 types: le�, right stim, choice, and block sides) within each event window: within a window, we average the responses of

all cells across all trials of the same type (e.g. all feedbk 0 trials within the feedback window, or all trials with le� stimulus, le� choice, during a right block (LsLcRb) in the stimulus

window). These curves define peri-event time histograms (PETHs) averaged across all cells. See Tab.1 for details. PETHs between the stimulus onset andmovement onset periods are

denoted (XsXcXb, s) for the stimulus window (stimulus aligned) and (XsXcXb, m) for the choice window (movement aligned), whereX designatesL orR. The stimulus-aligned

curves split towards their end in two groups, with the top 4 lines being stimulus side and choice congruent curves while the bottom ones are the 4 incongruent ones, i.e. "mistake"

conditions. d-e Single-cell analyses. d Le�: The functional feature vector of one neuron, consisting of 26 PETHs (all windows and all trial types in each window) concatenated then

z-scored. Right: Each neuron’s functional feature vector defines a point in a high-dimensional space, which we cluster using k-means in the high-dimensional space. Shown is a

2-dimensional umap projection of the feature vectors (each dot is one neuron, colored by its cluster assignment). e The average functional feature vector of all neurons in the 13

k-means clusters. These are interpretable (see horizontal labels; e.g. the “mistakeRsLcLb” cluster (red) consists of neurons that fire most during the stimulus windowwhen the

upcoming le� choice is opposite the right stimulus, during the le� block. Inset shows zoom of rapid stimulus responding clusters. f Schematic of two hypotheses for brain function:

Brain computations are strongly regionalized (spatially modular); or functionally modular computations are performed in distributedmulti-regional loops.

Low co-correspondence of function and anatomy135

When we visualize the three-dimensional anatomical position of each recorded cell, colored by its functional k-means cluster,136

the result is a spatially homogeneous mix (Fig. 2a, le�). By contrast, if we embed each cell into a two-dimensional space through137

UMAP on its feature vector, coloring by functional k-means clusters results in well-segregated color boundaries (Fig. 2a, right).138

Four "islands" in the functional UMAP embedding correspond to the four mistake conditions (cf. Fig. 1e). For easier visualization139

of functional-spatial correlations, we separately plot the spatial distributions of all neurons belonging to a given functional140

response (k-means) cluster, Fig. 2b. Here we find no discernible spatial localization of any functional cluster: each functional141

category is broadly represented across the brain.142

Next, though each function might not be localized in terms of three-dimensional euclidean neighborhoods in the brain,143
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there might still be locality of function in terms of brain parcellations, for instance based on cytoarchitecture, which are spatially144

non-convex and extended regions. To investigate this possibility, we colored the UMAP embedding of feature vectors by di�erent145

common parcellations of the brain (10 "Cosmos" regions, 260 "Beryl" regions, or 6 "layers", with the latter referring to the146

cortical layers with subcortical structures as another "layer"; see further methods). We find little to no order in the assignment147

of regions to functions, Fig. 2c, d, e. The primary discernible function-region correlation emerges from the Cosmos and Beryl148

colorings, which reveal a slight pink (hindbrain, midbrain)—green (isocortex, hippocampus) separation, and from the layer149

coloring, which reveal a matching and slight black non-black separation. We quantify this by smooth density plots of the umap150

space, separate for each Cosmos brain region, showing that regions with green cell colors - isocortex, hippocampal formation151

(HPF) - are distributed fairly homogeneously across the embedding space while cells frommidbrain (MB) and hindbrain (HB),152

which have a pink color, are concentrated visibly on one side of the space, Fig. S5b.153

We next determine whether the functional groups exhibit some spatial modularity in the brain, even though those spatial154

distributionsmight not be localized in three-dimensional space or by knownbrain parcellations. To do so, weuse the per-function155

cellular spatial distribution data from Fig. 2b, spatially filter these to obtain kernel density estimates of the spatial distribution of156

each function, and compute the pairwise overlaps in these spatial distributions using cosine similarity (Methods). The result157

is a nearly uniform similarity matrix, Fig. 2f, suggesting that the distinct functions are not spatially modularized in the brain.158

As a control, the same analysis applied to the spatial distribution of neurons in Cosmos regions, from Fig. 2d (le�), yields low159

similarity scores and thus clear modularity of the regions, Fig. 2g. We further controlled for coverage inhomogeneities, i.e.160

per-voxel divided each 3D density image by the density image of all cells prior to computing similarity scores for region pairs,161

finding no qualitative di�erences in the results, Fig. S16.162

This is additionally supported when comparing distributions of centroid distances of each class. I.e. the Euclidean distance163

between the centroid of all cells and that of, say, a kmeans cluster is one point in the distribution for kmeans. We find 13 kmeans164

classes havemean 0.32 mm, std 0.25 mm; 204 Beryl classes: mean 2.97 mm, std 1.31; 12 Cosmos classes: mean 2.40 mm, std165

1.14 mm and 8 layers classes: mean 1.71 mm, std 0.94 mm. I.e. the centroids of the kmeans classes are much closer to that of all166

cells, compared to the anatomical parcellations.167

Finally, we augment these unsupervised approaches to relate function to anatomy via supervised decoding. We consider to168

what extent it is possible to classify a cell’s anatomical region from its functional response vector. Anatomical decoding involved169

204 Beryl regions (each containing at least 20 cells), 12 Cosmos regions (including undefined groups "root" and "void"), and170

canonical classes (7 classes of spatial brain regions historically defined as functionally distinct, Fig. 1a in [24]; listed in methods);171

"kmeans" (our 13 k-means clusters from earlier); and "layers" (neurons binned into cortical layers and thalamus) (see Methods172

for more details).173

We split the cells repeatedly into train and test folds for classification of anatomical region from the neural response vectors,174

and show the test results for each fold, Fig. 2h. Across folds, decoding accuracy variance is small, as seen from the scatter in each175

point cloud. Test accuracies for all decoding tasks were significantly higher than chance level, determined by their respective176

shu�le controls (obtained by randomizing labels across cells), indicating that there is some non-zero information about anatomy177

in the functional responses. (The chance level varies across decoding tasks according to the number of classes, 6 layers < 7178

canonical < 12 Cosmos < 13 k-means < 204 Beryl.) However, decoding accuracy is poor for all anatomical decoding tasks (the179

k-means categories are trivially decoded at accuracy 1).180

For comparison, we consider how well another activity-related property of cells enables anatomical decoding: instead of the181

functional response vector for each neuron, we use 30 electrophysiological properties that are independent of the task, such as182

average firing rate, local field potential alpha power, and spike trough value (see Methods and [25] for details).183

Overall, these "ephys features" yield slightly but significantly better anatomical decoding relative to controls than possible184

with the response vector (Fig. 2i); however, while significantly above chance, ephys features are visibly weaker predictive of185

the functional response class (Fig. 2i, red), suggesting that electrophysiological cell type is weakly correlated with functional186

response category.187

In sum, in this unprecedented whole-brain dataset during a task with clear functional subtasks across phases of each trial,188

we find low to no regional localization of function in which regions are specialized to individual functions. We show that cells189
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performing all functions are homogeneously distributed across the brain, with at most a slight cortical-subcortical distinction.190

This does not rule out the possibility that a given functional representation originates in an anatomically localized area, but it191

indicates that even if so, that information is quickly distributed for use brainwide, so that the functional responses are nearly192

homogeneously present across the brain.193

194
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Figure 2. Non-correspondence between functional and anatomical clusters. a Anatomical 3D brain space reconstruction (1st column) and umap 2D functional embedding (2nd

column) of all neurons. Coloring by 13 k-means clusters shows a homogeneous mixture in anatomical 3D but clear color boundaries in umap 2D, with functional descriptors (compare

with Fig. 1e). b Disentangling the k-means clusters in 3D space shows their high visual similarity, each covering the whole le� hemisphere homogeneously. c-e Conversely, the

anatomical parcellations ("Beryl" c, "Cosmos" d, "layers" e) show the expected patterns in anatomical 3D clearly, while there are no clear color boundaries in umap 2D, apart from a

weak pink (hindbrain, midbrain) green (isocortex, hippocampus) divide for "Beryl" and "Cosmos". f The high similarity of the 3D distribution of cells per k-means cluster is further

quantified using the cosine similarity of normalised 3D density images, with two example clusters on top, dendrogram ordered. "ALL" indicates the group of all cells, having high

similarity with all k-means clusters. g The samemetric as in f applied to anatomical "Cosmos" brain regions describes them as highly non-similar in brain space distribution, in stark

contrast to the k-means clusters. Compare with Fig. S16. h Decoding scores on cellular level of various target categories from concatenated PETHs ("from response"). Decoding

accuracies are shown for multiple test folds (point clouds; STD smaller than mean icons) alongside scores with shu�led labels. All target categories can be decoded above chance from

response (all solid lines indicate p < 0.05 of test/shu�le accuracies), although weakly, except k-means (red) with a near perfect decoding score. i Same analysis using di�erent feature

vectors. Instead of the concatenated PETHs, the input was 30 trial-structure-independent ephys features per cell, resulting in slightly higher decoding scores than from response for all

targets but trivially k-means.
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Cell ordering by response similarity reveals the brainwide computational arc across time at cellular195

resolution196

Our functional clustering procedure above assigned neurons to a function, however each neuron might be participating in197

multiple functions. Moreover, the analysis ignored detailed information on the temporal activity profiles of each neuron on every198

trial type. Thus, we sought amuch finer-grained look at the brain-wide temporally-resolved activity evolution of all neurons over199

the course of all trial types.200

To do so, we ordered all∼ 60k neurons according to the similarity in their response vectors via the Stringer rastermap[26].201

The result is a striking view ofmental computations writ in the activity states of individual neurons across trial phases, trial types,202

and time, Fig. 3a: There is clear block structure among neurons, seen as di�erent temporally evolving patterns within trial types203

and across trial phases, and it is possible to see the temporal sweep of stimulus response (darkest portion of tornado-like pattern204

near cell count 10k), strong feedback-preferring neurons (largest dark region in lower right corner), error-encoding neurons205

(those firing only on trials where the choice is opposite the stimulus side, e.g. two block patterns at cell count 20k), and so on.206

To relate these rastermap blocks with our previously defined clusters (functional and anatomical), we overlay colors for each207

cell onto the rastermap, Fig. 3b-f. We find that previous functional clusters (Fig. 1e) form clear color blocks on the rastermap208

Fig. 3b, suggesting good consistency (as expected given that k-means is a component of the rastermap algorithm). The rastermap209

combined with the prior k-means clustering provides stronger interpretability of the clusters, which we will explore next in detail.210

Also consistent with our previous conclusions, there is a subcortical (hindbrain, midbrain)-cortical (isocortex, hippocampus)211

divide in neural response patterns (Fig. 3c-d), as seen in the pink-green color blocks, but no clear distinctions based on cortical212

layer and thalamus (Fig. 3e), while partially overlapping with the average firing rate per cell (Fig. 3f, darker is lower firing rate).213

Further, we find that most temporal response patterns present in the rastermap are also present when we restrict the214

rastermap to cells from single brain regions, whether the regions are in cerebellum, thalamus, isocortex, hippocampus, or215

midbrain, Fig. 3g. Thus, the rastermap confirms and demonstrates in detail that individual Beryl areas contain cells showing216

essentially the full diversity of temporal, trial-phase and trial-type specific response patterns.217
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g

Figure 3. Ordering of neurons by similarity reveals functionally interpretable patterns. a Feature vectors of all ca. 60 k cells sorted by similarity via rastermap[26], revealing great

diversity in activity and clear patterns. Black is high firing rate and white is low. Compare with example cell in Fig. 1d. b The same image colored by 4 di�erent cell groupings: 13

k-means clusters with average feature vector of each cluster in inset, in line with rastermap. Note for example the cluster "mistake 1" (see also Fig. 1e) with two blocks of activity in cyan,

top edge of inset. The coloring by the anatomical parcellations Beryl c, Cosmos d and layers e have a much less clear pattern and color matches. Beryl and Cosmos show a vague pink

(hindbrain, midbrain) green (isocortex, hippocampus) color divide while layers seem homogeneously spread across, with thalamic (black) and neither layer nor thalamic cells

(transparent) homogeneously painting the picture. f Firing rate of each cell (prior to z-scoring of feature vector), exponentiated by 0.1, darkest color is lowest. The majority of cells is

sparsely firing. g Rastermap restricted to example regions, with neuron number in title next to acronym, k-means cluster as background colors. For each broad anatomical structure

("Cosmos") the region ("Beryl") with most neurons is shown. Most regions display most patterns seen for the full dataset in a, with smaller regions showing fewer pattern, however

each contains cells of all k-means clusters. Also note that neuron number alone is not indicative of response diversity, e.g. region ZI having less neurons than PIR but larger overlap with

the patterns seen for the full dataset.
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To advance the goal of understanding the timecourse of computations at cellular resolution and observing how various218

mental processes sweep through the brain over each trial type, we exploit the fine-grained temporal pattern interpretability219

a�orded by the rastermap. We implemented a cross-validated procedure(S7), in which we sorted neurons using one set of220

randomly selected trials (50% of the total number of trials), then plotted their activities on the remaining (non-overlapping)221

set, Fig. 4a. This slightly restricted our dataset to cells with enough trials of each type (from ∼ 60K to ∼ 50K neurons). The222

cross-validation process is important because even random spiking across neurons can be ordered in a way that appears223

structured (see strong diagonal pattern in Fig. 3a, a�ecting mainly cells with low firing rate, which are more than half of all cells,224

Fig. 3f); the cross-validated rastermap only reveals temporal patterns that are reliably repeated across trials.225

We can parse neurons into distinct functional groupings in the rastermap based on their temporally evolving activity patterns226

within each trial, their di�erential responses across trial phases and trial types, and di�erences in firing rates. A�er doing so,227

we identify a group of neurons as stimulus responding cells (black box, top Fig. 4a). Their activity is characterized by a narrow228

time-locked response at stimulus onset, regardless of trial type, and also at the start of the feedback interval where sensory229

stimuli (such as an auditory click) accompany feedback onset. Consistent with this characterization, the summed activity of230

these neurons aligned to stimulus onset (stimulus-triggered PETH) shows low-latency sharp peaks, with the peak within 20 ms231

of stimulus onset followed by a rapid delay; the response is broad and suppressed when aligned to movement onset, Fig. 4b-c232

(black traces). The tiny fraction of neurons identified as stimulus responders highlights that internally generated dynamics rather233

than externally driven responses massively dominate whole-brain activity. This finding is consistent with the small fraction of234

brain-wide activity variance explained by sensory responses via decoding analyses in [20], but shows in granular detail that the235

number of neurons involved is also small.236

The next response pattern in the temporal arc of a trial is a band of activity following on from the stimulus response (Fig. 4a,237

bluebox). This group is distinct from the stimulus responders even though the cells fire contiguously a�er the stimulus responders238

without a clear boundary between them in the stimulus presentation period, because they do not respond post-stimulus during239

the feedback period. They also belong to a distinct k-means functional cluster, (Fig. 3b), and unlike stimulus responders, the240

summed response of these neurons exhibits its largest peak when aligned to movement onset (blue curve, Fig. 4b-c), suggesting241

this group is linked to movement with higher temporal specificity than to the stimulus. These neurons, which we call integrators,242

exhibit a ramping response build-up over the stimulus period to a consistent level when movement-aligned (Fig. 4b-c, blue243

traces). Most significant for our assignment of these neurons as integrators is the termination of the ramp in firing rate just244

before movement onset, Fig. 4c: the responses ramp, peak, and then drop just as themovement is about to begin. The peak245

response occurs at a consistent and short latency before movement onset across trial types (Fig. 4b), fittingly for an integrator246

whose peak response determines the decision to move.247

The chronologically third and fourth activity patterns we highlight in the brain’s activity arc over a trial belong to what we248

will call movement initiation neurons (Fig. 4a, cyan box) andmovement neurons (Fig. 4a, green box). The movement initiation249

cells are distinguished from the integrators by becoming active at a fixed latency before movement, peaking right at movement250

onset, then fading over the course of movement, Fig. 4b,c, cyan curves. This groupmay include motor preparatory neurons [27].251

The response of these movement initiators contrasts with actual movement neurons, which are active only during movement,252

Fig. 4a (green box). Movement neurons only begin activity ramping around the integrator neuron peak, Fig. 4b-c. Their activity253

then continues to build strongly over the early movement period and persists during movement, Fig. 4c.254

Next, motivated by the observation that input-driven changes account for only∼ 1 − 2% of the variance in neural activity,255

movement-related signals for ∼ 20%, and the remainder reflects unknown but coordinated internal dynamics [21, 28], we256

sought to understand the nature of this activity. We found a large and striking neuron group, consisting of neurons that fire in257

contextually specific activity sequences that begin at stimulus onset, and tile the interval from stimulus onset to movement258

onset, Fig. 4a (purple box). The cross-validated rastermap, inwhich neural orderings are determined froman entirely di�erent set259

of trials than shown, is critical to establish that this is a real group because even random responses can be organized into some260

sequence. The presence of sequential activity patterns in the cross-validated rastermapmeans that a sequential activity pattern261

in one split of trials is present in a disjoint trial split, indicating that the relative activation order of neurons in the sequence262

is preserved across trials. Consistent with the preservation of sequential activity across trials splits, the same sequences are263
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present for di�erent trial types (e.g. stimulus-aligned response columns for le� or right stimulus and right or le� choice), which264

necessarily consist of distinct trials Fig. 4a. The sequential activity patterns are contextually specific, in that there are four265

distinct sets of neurons with sequential activity tiling the stimulus period in the trial (cf. the vertically stacked set of four activity266

sequences in the purple block of Fig. 4a, such that on each of the fourmistake trial types (choice side opposite the stimulus, labels267

colored gray in Fig. 4a), one of these sequences has higher activity (cf. movement-aligned trial intervals). Thus, we call this group268

contextual internal sequence/error-state neurons. These sequential responses are distinct from the combined spatiotemporally269

evolving responses of stimulus responders and integrator neurons, which also tile the stimulus period: the summed activity of270

stimulus responders and integrators combines a sharp transient and a slow ramp Fig. 4b,c (black and blue curves), while it is271

almost entirely flat for the sequence neurons, because they more-evenly tile the stimulus interval, Fig. 4b,c (purple curve). If the272

neural sequences are intrinsically generated timers rather than stimulus-driven and integrating responses, we should be able to273

better decode time from them than from the sensory and integrating responders, which indeed is true: the rapidly evolving274

activation of stimulus responders permits accurate temporal decoding once they have been activated, but only a�er their 20 ms275

onset latency, in contrast to the immediate decodability of time from the sequence neurons Fig.S9. Moreover, while the dense276

andwidespread integrator responses enabled accurate decoding of time in themiddle of the stimulus period, decoding accuracy277

dropped o� at later times as the integrator saturated; the sequence neurons enabled more accurate decoding, with an accuracy278

that remained the same over the whole stimulus period. Next, the sequential neurons have consistently much lower firing rates279

than the stimulus responders and integrators, consistent with a separate identity, Fig.3f. Finally, the brain areas to which these280

internal sequences-error-state neurons belong are notably medial entorhinal cortex, amygdala, higher-order isocortical areas281

like insula, retrosplenial cortex, temporal association areas, and hippocampus, Fig.4d, Fig.S22.282

Finally, we focus on neurons that predict a wrong outcome, before movement and error feedback. We find that cerebellum283

is relatively well-represented in regional participation of these error neurons, Fig. 4d (Fig.S21), and the cerebellar subfields284

participating most strongly in error prediction are distinct from the cerebellar subfields with strong representation of cells285

involved in movement initiation and integration.286

In total, our rastermap-based analysis identifies ∼ 734∕50240 or 1.46% neurons as stimulus responders, ∼ (2860 +287

1150)∕50240 or 7.98% neurons as movement initiators andmovement neurons, and∼ (2300 + 20650 + 4100)∕50240 or 53.84%288

neurons as integrator, contextual sequence processing and error-coding neurons over the course of a trial. In other words,289

internally generated brain dynamics that impose structure on the world during the trial dominate neural processing, with refined290

numbers from rastermap in line with previous estimates that motor activity dominates over sensory activity in explaining neural291

variance [21, 7, 12, 11, 29]. Looking collectively at which neurons participate in which functions, Fig. 4d, it is clear that for the IBL292

task, cortex is relatively unimportant. The integrator neurons are primarily subcortical rather than cortical, suggesting it would293

be fruitful to examine those areas in decision making studies, and that for simple evidence integration tasks, areas like PPC and294

LIP may be downstream readouts of subcortical decisions [30, 31]. Nevertheless, cortex and hippocampus apparently remain295

ready to help the brain adapt to new contexts and perform new learning by expressing contextual temporal sca�olds linked to296

task structure, Fig. 4d.297
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Figure 4. Finely resolved functional classes and regional participation. a Neural feature vectors ordered by rastermap [26] (cross-validated rastermap plot: sorting based on

randomly selected 50% of the trials, with responses visualized for remaining 50%). All visible features of the rastermap from Fig.3 are preserved except for the single strong diagonal

line. However, there are clear diagonal bands preserved across trials and trial types/contexts. Refined functional categories enabled by rastermap, shown as colored boxes with labels.

b Averaged feature vectors for the refined functional categories, for stimulus response, integrator, movement initialization, movement, and internal processing/sequence/error groups.

cMagnified stimulus-aligned andmovement-aligned segments of the averaged feature vectors for stimulus response, integrator, movement initialization, andmovement groups for

two trial types. d Regional participation in each of the refined functional categories, measured as a normalized regional participation score (definition: fraction of cells in a region that

belong to the functional category).
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Regional functional specialization di�erences298

We have seen that cells belonging to a given functional category are dispersed across the brain, and in any brain region there299

are cells belonging to all functional response categories, questioning the idea of specialization of regions to specific functions300

in mice. We return to the question of regional specialization to ask whether there are systematic distinctions between brain301

regions, by considering distributional di�erences. For each of the∼ 200 Beryl regions, we considered the distribution of cell302

functional categories defined by the k-means functional clusters, Fig. 5a. Confirming the prior finding, all regions contained303

most functional categories but there was a diversity in the concentrations of distributions: some regions exhibit a notably broad,304

non-specialist character while others are relatively more specialized (e.g. region SIM in Fig. 5a has a nearly flat distribution, while305

MS has more than double the count in cluster 4 than any other cluster; distributions for all regions shown in Fig. S1. From these306

distributions, we can compute a specialization score (1 minus the entropy of its normalized distribution, which lies in the [0, 1]307

interval for each region), with 1 corresponding to strong specialization (all cells of one functional type) and 0 to no specialization308

(equal distribution of all functional types). Not surprisingly, the distribution of specialization scores is peaked near 0, Fig. 5c.309

When we overlay the specialization scores onto the Swansonmap, side-by-side with a map of Cosmos levels, we see that310

there is not a clear relationship between Cosmos categories and functional specialization, Fig. 5d. Regions in the cerebellum311

(brown, e.g. SIM) and hindbrain (orange, e.g. PRNr) tend to have low specialization, while those with high specialization tend312

to be cortical (green, e.g. MOB), however specialization does not co-cluster with Cosmos level. Tomore quantitatively relate313

these results to the conventional view that lower brain regions are more functionally specialized while higher brain regions are314

generalists, we directly plot functional specialization scores against a structural hierarchy score obtained for a subset of brain315

regions via tract-tracing (Fig. 6d in [32]). Here, we find structural hierarchy and specialization are not significantly related, Fig. 5g.316

To obtain verification of this result that functional specialization and structural hierarchy do not correlate, and show that it317

holds independent of our functional clustering technique, we computed a separate specialization score for each Beryl region318

based on a decoding analysis of 5 task variables (stimulus side, choice, feedback, wheel-speed, wheel-velocity; see Fig. S9 in [20]319

for details). Some regions had flatter distributions of decoding scores (e.g. region PRNr) than others (e.g. region PA), Fig. 5b (see320

Fig. S3 for all regions). We compute the decoding specialization score (1 minus the entropy of the normalized decoding accuracy321

distribution), and find that it strongly correlates (p<0.01) with the specialization score for the cluster counts, Fig. 5d, e: thus, both322

measures of regional specialization are consistent. TheR2 between the decoding-based specialization score and structural323

hierarchy is again low, 0.04, with no significant trend.324
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Figure 5. Di�erential amounts of region-level mixed selectivity in cortex a 13 k-means cluster cell counts (bars) for example regions; first (2nd) column regions with least (most) flat

distributions, normalized to sum to 1. We define specialization as 1 minus the entropy of normalized distribution. b Trial variable decoding scores (from Fig. S9 in[20]) for example

regions; first (2nd) column regions with least (most) flat distributions. Variables (bars): stimside, choice, feedback, wheel-speed, wheel-velocity, normalized accuracies to sum to 1. c

Histograms of specialization scores across regions for cluster counts (clu) and decoding scores (dec), each peaking near zero. d Swanson flatmaps of all brain regions, colored by clu

specialization (le�), dec specialization (middle) and anatomical Cosmos color. Note the visible correlation of clu and dec specialization scores while no clear correlation with

anatomical color blocks is visible. e Clu and dec specialization correlate clearly across 163 Beryl regions, supporting each as a measure of functional specialization. Regions with high

specialization score tend to be cortical. f(g) Regional dec (clu) specialization versus structural hierarchy in cortical regions. No significant correlation with the structural hierarchy score

(Fig. 6d in [32]) is found.
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Dynamically evolving functional brain networks325

We have seen that distinct computations unfold in di�erent task phases and involve partially separate neuron groups. A natural326

question is how di�erent parts of the brain coordinate during these distinct phases. The field of human fMRI, with a longer327

history of brain-wide recordings, has approached this question by performing multi-region functional graph analyses to identify328

functional subnetworks. The IBL dataset enables similar analyses, but at much higher (∼ 103× or∼ 1ms versus∼ 1 s) temporal329

and spatial (∼ 103×, with ∼ 60K cellular measurements in the supersession versus ∼ 60 voxels) resolution, and with the330

inclusion of subcortical structures. We now seek an area-wise analysis of dynamical functional networks, or how the brain forms331

subnetworks to compute over di�erent phases of the task, at high precision.332

To assay functional network-level interactions, we defined a functional similarity score between (Beryl) regions per task333

phase as a proxy for the strength between them, focusing on the following conditions: the quiescent period; the stimulus334

response period in congruent trials (where the stimulus side equals the block side); the stimulus response period in surprise335

trials (when the stimulus side is opposite the block side, at least 10 trials deepwithin each block); duringmovement initialization;336

in the movement period; and during feedback a�er correct and wrong trials (see Tab.1 for detailed task phase definitions). We337

computed this similarity on region-wise cellular activity maps, which comprised smoothed 2-D embeddings of the Z-scored338

cellular feature vectors (as in Fig. 1d) per region and per task phase (Methods and Fig. 6a, Fig.S5). Similarity was computed as339

the cosine distance (defined in Methods) between maps, which yielded a similarity matrix across regions per task phase. As340

before, Z-scoring ensured that baseline firing rate di�erences were eliminated, allowing us to focus solely on functionally similar341

response patterns. We then applied Louvain community detection to the similarity matrices to identify functional networks342

(region clusters with similar responses), and sorted neurons to be adjacent if they were assigned to the same community, Fig.343

6b-e (top-le� in each panel). To assess which of the identified networks were reliable andmeaningful, we applied three types of344

control analyses (see Methods), as follows. Only networks that are deemed significant by the intersection of the three controls345

below are numbered in Fig. 6b-e.346

First, we identified which networks had a high ’network stability’ score through split-trial comparisons (Figs. S13-S14). We347

repeated Louvain clustering across several trial splits; for each identified cluster (community) in each split, we defined a binary348

regional participation vector (whether the region was in the community), and used these to create a regional membership349

similarity matrix across all clusters and all splits for a condition. We assigned a network stability score (∈ [0, 1]) defined by the350

average value of its regional membership similarity score (2), and only communities with a stability score exceeding a threshold351

were deemed statistically stable.352

Second, to verify that the resulting networks identified as stable are di�erent than would be obtained by random chance, we353

shu�led the region labels of all cells before computing the region-wise functional similarity scores and Louvain clustering. The354

resulting groupings were visually muchmore numerous and smaller (Fig. S13) than in the unshu�led data (Fig. S11- S12, right355

two columns), and their stability scores were well below the stability score threshold (3).356

Our third control was based on the statistical significance of the functional responses of the identified networks relative to357

shu�les. We computed each network’s PETH as a weighted (by region participation scores) average of the PETHs of the member358

regions, Fig. 6b-e (line plot in each panel), and compared these to PETHs generated by randomly sampling the same number of359

regions from all recorded Beryl regions in the brain Figs S11,S12. A network was deemed significant in its functional properties if360

its PETH was significantly di�erent from these the random network PETHs for the majority of time bins.361

We find that within each condition, brain states typically form a few non-orthogonal but distinct and regionally distributed362

subnetworks, suggesting distinct processing modes, Fig. 6b-e (networks viewed as undirected graphs, middle-le� panels). The363

regional composition of identified subnetworks varies substantially from one task phase and condition to the next, meaning that364

the functional groupings are transient and rapidly shi� across time and condition in the task, Fig. 6b-e (Swansonmaps, right365

panels; darker colors indicate higher participation score). For instance, the quiescence period exhibits of a multiplicity of small,366

decoupled, marginally significant subnetworks, with the sole significant network being predominantly subcortical (hindbrain),367

Fig. 6b . During thecongruent stimulusphase (Fig. 6c), the threedominant subnetworks consist of hippocampus–thalamus–dorsal368

striatum; cerebellum–midbrain–palladium-hindbrain; and neocortex-hypothalamus, while in the surprise stimulus phase, the369

networks collapse to two dominant ones, one remaining similar to the cortical-hypothalamic one and the other integrating370
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the hippocampal-dorsal striatal-thalamic network with the cerebellum-midbrain-palladium-hindbrain one. This suggests that371

during surprise, the hippocampus becomes engaged with subcortical processing, consistent with [33, 34].372

Movement initiation andmovement, adjacent task phases, involve quite di�erent subnetworks, reflecting dynamic reconfig-373

uration (Fig. 6d): the movement initiation period exhibits three distinct subnetworks, one primarily neocortical engaging early374

sensory processing and somatosensory areas, but also interacting with lateral hypothalamus, inferior colliculus, cerebellum,375

andmedulla structures like GRN; the second is predominantly hippocampal-thalamic-dorsal striatum (CP) with somatosensory-376

secondarymotor cortex engagedwithhindbrain; and the third is predominantly cerebellarwith engagementof superior colliculus.377

Brain states in themovement period collapse into two statistically robust subnetworks, one largely similar to the first move-378

ment initiation subnetwork, and the other a mixture of hippocampus, high-level association areas (RSP), medulla (PAG), and379

hypothalamus. Finally, from comparing the correct and incorrect feedback phase subnetworks (Fig. 6e), we find that despite the380

large di�erences in inputs, cellular response tuning and network PETHs that separate these conditions, they share an identical381

subnetwork (networks 3, 1 respectively) that is similar to the thirdmovement network, presumably reflectingmovement-related382

computations leaking through from the movement phase immediately earlier. In what remains, there is significant but not383

perfect similarity between the subnetworks 2 in both feedback conditions; these exhibit high brainstem-cerebellar-striatal384

activation and possibly show common aspects of feedback processing. Subnetwork 1 in the correct feedback phase is distinct,385

involving cortico-cerebellar activation with widespread neocortical activity across low and high level cortical areas.386

One consistent pattern is that the within-condition subnetworks in every condition recapitulate the green-pink or cortical-387

subcortical response divide that we saw earlier at the single-cell level. This is evident in the graphs of Fig. 6, as well as when388

we form a similarity matrix of the region membership of subnetworks from all these and other task conditions, Fig. 6f. The389

subnetwork regional similarity matrix has a two-block structure, each with a representative subnetwork from most block390

conditions. The upper block corresponds to primarily subcortical processing networks, and the lower one to primarily cortical391

processing networks. Interesting, we see that congruent stimulus network 1 overlaps strongly with prestimulus prior network 1392

and correct feedback network 3, consistent with the possibility that a congruent stimulus and a correct response build up the393

strength of the block prior, as predicted from a neural circuit model of the IBL task [35].394

Finally, we compare these functional brain networks to established fMRI-based networks from themouse brain [32, 36, 37,395

38, 39, 40, 41, 10, 42, 43, 44] to determine whether there is a correspondence, Fig. 6g. The fMRI sensory mode network (smn,396

Fig. 6g, third row) reassuringly overlaps with a subnetwork from each of the surprise and congruent stimulus conditions, but397

also with themore-cortical subnetworks from each of themovement initiation andmovement conditions. However, beyond this398

similarity, we report fewmeaningful relationships between fMRI-defined subnetworks and our high spatio-temporal resolution399

brain networks, even when comparing e.g. our quiescent state network with the fMRI default mode networks (Fig. 6g, bottom400

row), which correspond to similar brain states. The quantified dominance of subcortical processing in the brain throughout the401

course of the IBL task, the sparsity of fMRI maps in the mapping to Beryl regions even for cortical structures, and the relative lack402

of subcortical recordings in the fMRI studies are the likely causes of the discrepancy.403

Together these results show, in a spatiotemporally precise and brain-wide way that all brain areas participate in all functions,404

and that the brain forms emergent collective dynamical coalitions that rapidly reconfigure between task phases to enable405

accurate perceptual decision-making.406
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Figure 6. Dynamically reconfiguring networks across di�erent phases of the task. a To compare functional responses between pairs of regions, we calculate a cosine similarity

score of two regions’ cellular responses from a smoothed 2D embedding for the relevant task phase (here, shown for the concat condition which includes all task phases; see Fig.S5 for

more examples). b-e The regional similarity matrices are ordered by the Louvain community detection algorithm to identify groups of brain regions (networks) for various subsets of

PETHs (task phases) shown in panels (b) through (e) (see Tab.1 for task phase definitions). The algorithm consistently shows a cortical-subcortical separation in two (or three) major

networks across phases of the task, as evident in the network graphs (some clusters mostly pink-subcortical, and the others mostly green-cortical + hippocampus) and Swansonmaps

showing regional membership in these clusters (darker color indicates stronger membership from split-trial cross-validation). However the exact network membership varies across

di�erent task phases/ conditions, reflecting dynamic reconfiguration of the brain’s networks. We also show line plots of the average PETHs for each network as compared to shu�led

controls (gray), and the networks are only included in the current figure if they pass all three rounds of control analyses as described in the Methods. f Summary table showing cosine

similarity of Swansonmaps between pairs of our defined networks, having two clear groups that correspond to the cortical-subcortical separation. g Cosine similarity of Swanson

maps between our defined networks and canonical fMRI networks in the mouse brain (Swansonmaps below), showing low similarity throughout. Colors in the Swansonmaps indicate

how consistently we find the regions being identified in a network in the literature, with darker color being more consistent. [36, 37, 38, 39, 41, 10, 45, 42, 43, 44].
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Discussion407

We have shown that individual neurons fall into distinct and interpretable clusters based on their functional responses during408

the IBL task. These categories largely involve one aspect of the task: responding to the stimulus, integration or choice generation,409

movement initiation, movement generation, predicted error coding, and representation of internal biases based on prior410

expectation. Ordering neurons by the similarity of their responses, via the rastermap, a�orded a glimpse at cellular resolution of411

an interpretable view of the brain-wide flow of computational processing. Distinct populations of neurons transiently respond412

to and process one aspect of the task, then pass the ball to another set, from storing expectations to perception, to decision-413

making, then action. We found that these transient processing steps were widely distributed across the brain. Thus, most414

individual neurons do not appear to exhibit mixed selectivity, or at least are dominated by selectivity to single sub-functions415

within the task.416

Neurons with similar functional responses are not spatially localized: they are dispersed across the brain, and each brain417

region, defined by fine (Beryl) categories, contains all functional classes of neurons. Thus, there is a bidirectionally low co-418

correspondence between function and anatomy. Each region comprises neurons with diverse responses, and thus presumably419

participates in most computations. Interestingly therefore, though there are clear regional variations in task-independent420

electrophysiological features, which relate to cell types and gene expression [25], these do not translate into corresponding421

di�erences in functional roles as determined by functional responses. Note however, that the observation of disperse functional422

responses does not establish that these responses are generated in a distributed way: it remains possible that there are more423

localized generators of various functional responses, and these generators broadcast the signal for downstream use [13].424

The primary regional distinction we find in functional responses is between cortical and subcortical processing, with425

integration, choice, andmotor initiation dominated by subcortical processing. Thus, our results hint that cortical processing426

may be relatively unimportant for expert performance on the IBL task.427

Our data directs us away from a region-dominant view in which a given anatomically or cytoarchitecturally defined region428

specializes in its own set of computations, and a�er performing these computations on its inputs it passes these outputs to429

the next region. The findings bolster instead the view of brainwide processing in which each computation involves neurons430

across a large number of areas, and each area participates in a large number of functions. Thus, our data encourages us to431

reconceptualize computation in the mouse brain as forming distinct processing pathways or loops through the brain, each of432

which winds through and involves many or most brain areas within each phase of a task, as in Fig.1f, consistent with recent433

observations of e.g. large cortical-cerebellar loops forming a combined dynamical system for cognitive processing and control434

[46] and as hypothesized elsewhere [47].435

With the advent of several large, high resolution brain-wide data-sets across species and the computational ability to build436

neural “foundation” models, e.g. [48], we expect future work to support our claim of brain-wide distributed networks, showing437

above-chance representation and decodability of behavior and relevant task variables from neural activity in most anatomical438

brain structures.439

There is nevertheless some finer regional structure. First, at the distributional level: some regions have flatter distributions of440

all functional neurons, while others have a less uniform distribution, pointing toward greater specialization. However, we found441

no relationship between previous anatomical measures of cortical hierarchy and these distributional specializations. Second, at442

the level of co-activation in di�erent task phases: examining co-active regions in each task phase, in the style of fMRI ’network’443

analyses [10], we found that there were indeed distinct patterns of co-activation or correlation between regions at di�erent task444

phases, a set of emergent collective computational modes. Our data permitted us to also include subcortical participation in445

these networks, and to parse the evolution of correlated patterns at high spatial and temporal resolution. We found reliable446

patterns of co-active networks in our across-trial, across-subject analyses with rigorous controls, and these reinforced the447

dominant cortical-subcortical distinction that we have seen throughout this work. We saw that these networks evolve or448

reconfigure rapidly within a trial as di�erent computations unfold. The resulting networks exhibit some but relatively weak449

overlap with fMRI-derived brain networks, for reasons that require future investigation. There are numerous methodological450

di�erences resulting in distinct data resolutions, from levels of spatiotemporal precision, to di�erences in the detected activity451

signal (blood flow versus neural spiking) to di�erent amounts of coverage of the brain (cortical versus brain-wide). The resulting452
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set of networks form detailed atlases for future studies on brain-wide coordination for di�erent functions. In addition, it will be453

interesting to performmore-detailed comparisons across species, given the spatial localization of function observed in humans,454

for instance in face [4] and language [49] encoding.455

Finally, we have discovered that the bulk of neural activation in the brain during the task is not related to immediate externally456

driven sensory responses or the more widespread encoding of movement generation [21, 28], but rather consists of internally457

generated sweeping scalar signals across the brain. The regions participating in this internal signal suggests that these sequences458

might be broadcast from the hippocampal complex, which seems possible given reports that hippocampus generates sequential459

activity starting from any salient task event, in a context-specific way [50, 51]. Given that all brain regions participate in these460

temporally structured and contextually specific sweeping signals, it implies that all regions exhibit neuronswithmixed selectivity461

and contextual sensitivity, in line with theoretical models of functional specialization of network [52].462

These findings reveal a distributed and dynamic computational architecture in which the brain orchestrates task-relevant463

processing through shi�ing, functionally defined networks, dominated by internal states, that transcend anatomical boundaries.464

Methods and Materials465

Data and task466

We analyzed the brain wide map dataset of the international brain laboratory (IBL), consisting of recordings from 139 mice in 12467

labs performing a decision-making task with sensory, motor, and cognitive components, obtained with 699 Neuropixels probe468

insertions covering 279 brain areas in the le� forebrain andmidbrain and the right hindbrain and cerebellum. The dataset is469

publicly available (download instructions; data browsing online tool at https://viz.internationalbrainlab.org) with full details470

here[20]. Find also information about histologically obtained anatomical coordinates there.471

The International Brain Laboratory (IBL) decision-making task[19] is such that on each trial, a visual stimulus appeared on472

the le� or right on a screen, and the mouse had to move it to the center by turning a wheel with its front paws within 60 seconds.473

The prior probability for the stimulus to appear on the le�/right side was constant over a block of trials, at 20/80% (right block)474

or 80/20% (le� block). Blocks lasted for between 20 and 100 trials, drawn from a truncated geometric distribution (mean 51475

trials). Block changes were not cued. Stimulus contrast was sampled uniformly from five possible values (100, 25, 12.5, 6.25,476

and 0%). The 0% contrast trials, when no stimulus was presented, were assigned to a le� or right side following the probability477

distribution of the block, allowing mice to perform above chance by incorporating this prior in their choices. Following a wheel478

turn, mice received positive feedback in the form of a water reward, or negative feedback in the form of a white noise pulse and a479

2 s time-out. The next trial began a�er a delay, followed by a quiescence period during which themice had to hold the wheel still.480

Peri-event time histograms (PETHs)481

We binned spiking activity of neurons and trials declared as "good" as in[20] with time bins of length 12.5 ms, and stride 2 ms.482

See data loading functions load_good_units for neural data and load_trials_and_mask for trial data in bwm_loading.py.483

Firing rates were squared prior to averaging across trials, to pronounce heterogeneity. We decided to choose a set of 26 PETH484

types (tab1) such that a balance is struck between maximizing trial-specific information while keeping as many sessions as485

possible. I.e. too specific PETH criteria are satisfied by too few sessions. Our choice resulted in 569 unique insertions being486

included in the analysis and grouped together, each neuron being described by a functional feature vector of all 26 PETHs487

concatenated together, then z-scored to homogenize di�erences in baseline activity. We used 61473 neurons in the single cell488

analyses and 163 regions, when restricting to regions with at least 50 neurons, in the regional analyses.489
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Table 1. PETH definitions Each PETH is defined by an alignment event, the trials to average, and the window. The two times in the window are relative to the alignment event, with

the le� value being positive when before the event and the right value being positive if a�er the event. "Deep block" indicates averaged trials must be at least 10 trials a�er a block

change. "Phase" indicates subsets of PETHs.

Name Alignment Event Trial Types to Average Window (s) Phase

rest stimOn_times All trials -1.15 to 1 Resting

Lb stimOn_times ProbabilityLe� = 0.8 (block le�) -0.4 to 0.1 Pre-stim prior

Rb stimOn_times ProbabilityLe� = 0.2 (block right) -0.4 to 0.1 Pre-stim prior

50b stimOn_times ProbabilityLe� = 0.5 -0.4 to 0.1 Block 50

quies stimOn_times All trials -0.4 to 0.1 Quiescence

LsLcLb, s stimOn_times Stim le�, choice le�, block le�, deep block 0 to 0.2 Stim congruent

LsLcRb, s stimOn_times Stim le�, choice le�, block right, deep block 0 to 0.2 Stim surprise

LsRcRb, s stimOn_times Stim le�, choice right, block right, deep block 0 to 0.2 Mistake

LsRcLb, s stimOn_times Stim le�, choice right, block le�, deep block 0 to 0.2 Mistake

RsLcLb, s stimOn_times Stim right, choice le�, block le�, deep block 0 to 0.2 Mistake

RsLcRb, s stimOn_times Stim right, choice le�, block right, deep block 0 to 0.2 Mistake

RsRcRb, s stimOn_times Stim right, choice right, block right, deep block 0 to 0.2 Stim congruent

RsRcLb, s stimOn_times Stim right, choice right, block le�, deep block 0 to 0.2 Stim surprise

m firstMovement_times All trials -0.15 to 0 Motor initiation

LsLcLb,m firstMovement_times Stim le�, choice le�, block le� -0.15 to 0

LsLcRb,m firstMovement_times Stim le�, choice le�, block right -0.15 to 0

LsRcRb,m firstMovement_times Stim le�, choice right, block right -0.15 to 0 Mistake

LsRcLb,m firstMovement_times Stim le�, choice right, block le� -0.15 to 0 Mistake

RsLcLb,m firstMovement_times Stim right, choice le�, block le� -0.15 to 0 Mistake

RsLcRb,m firstMovement_times Stim right, choice le�, block right -0.15 to 0 Mistake

RsRcRb,m firstMovement_times Stim right, choice right, block right -0.15 to 0

RsRcLb,m firstMovement_times Stim right, choice right, block le� -0.15 to 0

Lmove firstMovement_times Choice le� 0 to 0.15 Movement

Rmove firstMovement_times Choice right 0 to 0.15 Movement

feedbk1 feedback_times Positive feedback 0 to 0.3 Feedback correct

feedbk0 feedback_times Negative feedback 0 to 0.3 Feedback incorrect

Umap and rastermap embeddings490

We embedded the 60 k cells’ feature vectors (concatenated PETHs, 2496 time bins in total) in 2 dimensions using umap.UMAP491

(n_neighbors=15, n_components=2)[53] implemented in python.492

The rastermap algorithm[26] was used in python to sort the 60 k feature vectors by similarity, using these parameters:493

Rastermap(n_PCs=200, n_clusters=100, locality=0.75, time_lag_window=5, bin_size=1). Wevisualized thesorted494

vectors using matplotlib.imshow(data, vmin=0, vmax=1.5, cmap="gray_r", aspect="auto").495

Functional distancemetric for brain region pairs496

Wemeasure the functional distance between brain regions as follows. For a given region, the 2D umap embedding of all cells in497

this region (across recordings) is rasterized into a 256 x 256 pixel grid, with the cell density per pixel, then smoothed by applying498

a 2D Gaussian kernel with standard deviation of 10 pixels in each dimension and normalized such that the maximum grayscale499

per pixel is set to 1 and the minimum to zero. Given two such images for two regions, the images are flattened into vectors v1, v2500

and the cosine similarity of the two vectors is defined as the functional distance between regions:501
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d1,2 =
v1v2

|v1||v2|

Louvain clustering502

We use sknetwork.clustering.Louvain implemented in python to identify regional networks in the functional similarity ma-503

tricesofdi�erent trial phases. Weuse the followingparameters in thepresentedanalysis: resolution=1.01, random_state=0,504

a�er sweeping through parameters and other clustering algorithms that result in less reproducible networks with lower adjusted505

randomindex (sklearn.metrics.adjusted_rand_score) andadjustedmutual information (sklearn.metrics.adjusted_mutual_info_score506

Statistical significance of networks507

To assess which of the identified networks were reliable andmeaningful, we applied three types of control analyses.508

First, we identifiedwhich networks had a high ’network stability’ score through split-trial comparisons, as follows. We split all509

trials of a given type into two groups to obtain two independent feature vectors for each cell. Within each split, we re-computed510

similarity matrices and Louvain clusters (communities). We repeated this process four times to generate a total of eight sets511

of leave-half-out communities for each condition (each cross-validation set based on a random subset of 1∕2 the total trials).512

We compared region participation across the eight sets of communities to define a network stability score, as follows (see513

Methods for details): All of the communities (for a given condition) in all the eight splits were assigned binary region participation514

vectors (of length equaling the number of Beryl regions), with 1 indicating a region’s membership in the community and 0515

otherwise, and we used these to create a regional membership similarity matrix across all clusters in all splits for the condition516

(Figs. S13-S14), sorting the matrix elements by similarity to display the communities (SI Figs. S13-S14, column 1). We only look517

at communities with sizes> 6when sorting the similarity matrix, meaning these communities are identified in at least 6 out of518

the 8 leave-half-out trial splits analysis. The network stability score of each community is defined as the average value (of the519

regional membership similarity score) within the community (2): conceptually, if the same areas always appear together in one520

community across splits, the stability score would be 1; otherwise, it would take some value in the interval [0, 1]. Communities521

with a stability score< 0.47 (the average stability score across communities and across trial phases) were deemed statistically522

unstable and not numbered or plotted as Swansonmaps in the main or supplemental figures.523

Second, to verify that the resulting stable identified networks are di�erent than would be obtained by random chance, we524

shu�led the region labels of all cells before computing the region-wise functional similarity scores and Louvain clustering. The525

resulting groupings were visually muchmore numerous and smaller (Fig. S13) than in the unshu�led data (Fig. S11- S12, right526

two columns). We quantitatively compared the shu�led data networks with the identified networks by computing the stability527

scores for the shu�led data networks. All of the shu�led networks have stability scores well below the criteria of stability score528

> 0.47 (3).529

Our third control was based on the statistical significance of the functional responses of the identified networks. The goal is530

to ensure the networks are a result of distinct and related responses of brain regions within a community rather than community-531

independent regional response variations. For each community, we computed its cluster PETH by a weighted average of the532

PETHs of themember regions (weighted by the participation scores of the regions, as defined in the next section in Methods), Fig.533

6b-e (line plot in each panel). We compared the community PETH with 1000 control PETHs generated by randomly sampling the534

same number of regions as in the community from across the set of all recorded Beryl regions in the brain, and computing their535

average PETHs weighted by the same set of regional participation scores (randomly assigned to the random set of regions),536

Figs S11,S12. At each time bin, two p-values are defined by the fraction of times the shu�led controls are larger or smaller than537

the true PETH, and the true PETH is significantly di�erent from the controls if either of the p-values are smaller than 0.01. A538

community was deemed significant only if the resulting network PETHs were significantly di�erent from the shu�led controls for539

the majority of the analysis time window.540

Only networks that are deemed significant by the intersection of the three conditions above are numbered in Fig. 6 of541

the main text. In Swanson maps, we show the membership of regions in each significant network, weighted by a network542

participation score.543

21 of 50

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted August 1, 2025. ; https://doi.org/10.1101/2025.07.30.667641doi: bioRxiv preprint 

https://doi.org/10.1101/2025.07.30.667641
http://creativecommons.org/licenses/by-nc/4.0/


Regional participation score of networks544

We define a region’s participation score within a given network as the fraction of times the region is identified within the network545

across the eight-fold split-trial controls. If a region is identified in a given network in all eight splits, its participation score in the546

network is 1, and if identified in none, its score is 0. For each network that passed the statistical significance tests, we show the547

Swansonmaps of them in the main results (fig.6) by coloring the regions with the regional participation score.548

Supervised decoding analysis549

We decoded 5 types of classes (restricted to label classes with at least 20 neurons) from either the concatenated PETHs or 30550

concatenated trial-independent ephys features. The trial-independent ephys features were channel-specific, i.e. several neurons551

may sit on the same channel, and consisted of the following (see full definitions in cite ephysTF manuscript??):552

’alpha_mean’, ’alpha_std’, ’depolarisation_slope’, ’peak_time_secs’,553

’peak_val’, ’polarity’, ’psd_alpha’, ’psd_alpha_csd’,554

’psd_beta’, ’psd_beta_csd’, ’psd_delta’, ’psd_delta_csd’,555

’psd_gamma’, ’psd_gamma_csd’, ’psd_lfp’, ’psd_lfp_csd’,556

’psd_theta’, ’psd_theta_csd’, ’recovery_slope’, ’recovery_time_secs’,557

’repolarisation_slope’, ’rms_ap’, ’rms_lf’, ’rms_lf_csd’,558

’spike_count_x’, ’spike_count_y’, ’tip_time_secs’, ’tip_val’,559

’trough_time_secs’, ’trough_val’560

The classes were:561

Beryl Anatomical region parcellation into 204 regions (see [20] for full list)562

Cosmos Anatomical region parcellation into 10 coarse regions (Fig. 2g and full definition in563

Canonical 7 groups of Beryl regions by similarity (from Fig. 1 in [24])564

’Prefrontal’: [’FRP’, ’ACAd’, ’ACAv’, ’PL’, ’ILA’, ’ORBl’, ’ORBm’, ’ORBvl’],565

’Lateral’: [’AId’, ’AIv’, ’AIp’, ’GU’, ’VISc’, ’TEa’, ’PERI’, ’ECT’],566

’Somatomotor’: [’SSs’, ’SSp-bfd’, ’SSp-tr’, ’SSp-ll’,567

’SSp-ul’, ’SSp-un’, ’SSp-n’, ’SSp-m’, ’MOp’, ’MOs’],568

’Visual’: [’VISal’, ’VISl’, ’VISp’, ’VISpl’, ’VISli’, ’VISpor’, ’VISrl’],569

’Medial’: [’VISa’, ’VISam’, ’VISpm’, ’RSPagl’, ’RSPd’, ’RSPv’],570

’Auditory’: [’AUDd’, ’AUDp’, ’AUDpo’, ’AUDv’]571

’Other’: [all other regions]572

573

K-means 13 functional k-means clusters as shown in Fig. 1e574

Layers Partition into 6 cortical layers (defined by number in Beryl region acronym: 1: 2k, 2, 1k, 3: 3 k, 4: 1k, 5: 6k, 6: 0.1 k cells),575

thalamus (8 k cells) and rest (40 k cells)576

We used logistic regression (sklearn.linear_model.LogisticRegression L2 regularization, C=1.0, scikit-learn) with577

5-fold stratified cross-validation, scaling data within each fold using scikit-learn StandardScaler. Classifier performance was578

evaluated using mean accuracy across folds. Shu�led-label controls were included to assess classification significance. 10579

decoding runs were su�icient, given the low variance across folds.580
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Figure S1. Neuron counts across K-means clusters for each brain region. For each brain region (Beryl parcellation) with more than 50 neurons, a histogram across 13 k-means

clusters is shown, normalized such that all cluster counts add to 1. Note that nearly all regions contain neurons from all clusters.
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Figure S2. Neuron counts across brain region for each k-means cluster. The counts are normalized to sum to 1. Note the similarities in the shape of the distributions across the 13

clusters, supporting that neurons from each k-means cluster can be found in most Beryl regions.
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Figure S3. Decoding accuracies across task variables for each brain region. For each brain region (Beryl parcellation) with more than 50 neurons, the decoding score across 5 task

variables is shown, being the average across all recordings of that region and normalized such that all decoding scores add to 1. The decoded task variables are: stimulus side, choice,

feedback wheel speed, wheel velocity. Note that nearly all regions allow decoding of all task variables. See fig S9 in [20] for the per session results.
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Figure S4. Binned time series correlation scores for Beryl region pairs barely di�er across di�erent task windows Pearson correlation score of binned times series of cell pairs,

averaged across recordings and per Beryl region pairs, for a given window, say until 1 sec a�er feedback ("feedback_plus1"). The overall low correlation scores barely di�er across the 4

task windows. Canonical coloring and ordering of Beryl region acronyms as in fig2 of [20]
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a

b

Figure S5. Smoothed 2d embeddings for example regions and networks a For 10 example regions and 11 networks (subsets of all PETHs, see Tab.1) the smoothed 2D umap

embedding of the cell’s feature vectors are shown, normalized such that each image’s maximal pixel is 1 (see methods). The cosine similarities of these flattened images are used as a

distance metric between regions in Fig.6. b For all concatenated PETHs (network is "concat") and all Cosmos regions, the smoothed and normalized 2D umap embedding of the cells is

shown. Note the homogeneous distribution of isocortex and hippocampal cells (green title color, as cells in Fig2b) in contrast to midbrain (MB) and hindbrain (HB) cells, that show

concentrations on top of embedding space. This functional/anatomical correlation is seen also as a green/pink color divide in Fig2b.
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Figure S6. Varying the number of k-means clusters results in qualitatively similar functional groupings results. For 10, 15 and 20 k-means clusters, average feature vectors in the

le� column, colored umap 2D embeddings in right column. Note that 10 clusters group together mistake conditions while 20 subdivide them - see "islands" in umap landscape.
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training set testing set

Figure S7. Split-trial cross validation of Rastermap and k-means Trials are randomly split into two sets (training and testing) for each alignment and trial type, fromwhich two

concatenated feature vectors are computed for each cell. Rastermap and k-means algorithms are applied on the training set, and we apply the same ordering and clustering labels to

both the training and testing set. The majority of the patterns from Rastermap and clusters from k-means are preserved a�er cross-validation.
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Figure S8. Error encoding cells for four mistake trial typesWe zoom in from fig.4d (error encoding panel) and show the raster and average PETH of four types of error encoding cells

separately, based on the mistake trial types they respond to.
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Sequence Cells Stim + Integrator Cellsa

b

Stim + Integrator Cells

Sequence Cells

Decoding MSE Per Time Bin

Stim + Integrator Cells

Sequence Cells

Figure S9. Decoding time from stimulus onset in sequence cells vs. stim response + integrator cells a. Both resulted in good performance withR2 > 0.9. b. The mean-squared

error is slightly higher for stim response + integrator cells compared to the sequence cells near the beginning and end of stimulus-onset period. This MSE di�erence marks the

distinction between the stim response/ integrator cells from the sequence cells, and can be explained by di�erences in c. the average PETHs of these groups of cells: the stim response

cells has a slight delay a�er stimulus onset to reach its peak response, and the integrator cells’ activities start to decay near the end of stimulus period, whereas the sequence cells have

a relatively stable level of activity a�er stimulus onset. Definitions of stim response, integrator, and sequence cells can be found in the main results section fig.4.
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Cluster Stability

concat cluster 0 0.862

concat cluster 1 0.712

concat cluster 2 0.686

concat cluster 3 0.337

concat cluster 4 0.061

resting cluster 0 0.214

resting cluster 1 0.201

resting cluster 2 0.186

resting cluster 3 0.205

resting cluster 4 0.166

resting cluster 5 0.21

resting cluster 6 0.203

quiescence cluster 0 0.618

quiescence cluster 1 0.259

quiescence cluster 2 0.357

quiescence cluster 3 0.173

quiescence cluster 4 0.154

quiescence cluster 5 0.138

pre-stim prior cluster 0 0.903

pre-stim prior cluster 1 0.887

pre-stim prior cluster 2 0.205

pre-stim prior cluster 3 0.2

pre-stim prior cluster 4 0.204

mistake cluster 0 0.79

mistake cluster 1 0.632

mistake cluster 2 0.093

mistake cluster 3 0.694

Cluster Stability

stim surprise cluster 0 0.541

stim surprise cluster 1 0.609

stim surprise cluster 2 0.402

stim surprise cluster 3 0.084

stim surprise cluster 4 0.269

stim surprise cluster 5 0.251

stim congruent cluster 0 0.784

stim congruent cluster 1 0.49

stim congruent cluster 2 0.503

stim congruent cluster 3 0.428

stim congruent cluster 4 0.069

motor init cluster 0 0.885

motor init cluster 1 0.719

motor init cluster 2 0.76

motor init cluster 3 0.423

movement cluster 0 0.849

movement cluster 1 0.734

movement cluster 2 0.675

movement cluster 3 0.061

fback correct cluster 0 0.601

fback correct cluster 1 0.616

fback correct cluster 2 0.599

fback incorrect cluster 0 0.708

fback incorrect cluster 1 0.636

fback incorrect cluster 2 0.437

fback incorrect cluster 3 0.368

fback incorrect cluster 4 0.037

Table 2. Stability scores for regional clusters. Stability scores identified from comparing clusters that are identified from di�erent trial splits for all trial phases. Clusters with stability

scores> 0.48 (marked as red) pass the stability criteria.
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Cluster Stability

concat cluster 0 0.268

concat cluster 1 0.162

concat cluster 2 0.178

concat cluster 3 0.228

concat cluster 4 0.208

concat cluster 5 0.219

concat cluster 6 0.179

resting cluster 0 0.123

resting cluster 1 0.2

resting cluster 2 0.137

resting cluster 3 0.179

resting cluster 4 0.146

resting cluster 5 0.204

resting cluster 6 0.134

resting cluster 7 0.209

resting cluster 8 0.171

quiescence cluster 0 0.19

quiescence cluster 1 0.199

quiescence cluster 2 0.167

quiescence cluster 3 0.213

quiescence cluster 4 0.169

Cluster Stability

quiescence cluster 5 0.185

pre-stim prior cluster 0 0.206

pre-stim prior cluster 1 0.21

pre-stim prior cluster 2 0.15

pre-stim prior cluster 3 0.245

mistake cluster 0 0.18

mistake cluster 1 0.16

mistake cluster 2 0.179

mistake cluster 3 0.181

mistake cluster 4 0.174

mistake cluster 5 0.252

mistake cluster 6 0.201

stim surprise cluster 0 0.282

stim surprise cluster 1 0.23

stim surprise cluster 2 0.189

stim surprise cluster 3 0.146

stim surprise cluster 4 0.141

stim surprise cluster 5 0.136

stim surprise cluster 6 0.109

stim surprise cluster 7 0.158

stim surprise cluster 8 0.14

Cluster Stability

stim surprise cluster 9 0.14

stim congruent cluster 0 0.254

stim congruent cluster 1 0.175

stim congruent cluster 2 0.229

stim congruent cluster 3 0.179

stim congruent cluster 4 0.164

stim congruent cluster 5 0.139

stim congruent cluster 6 0.165

stim congruent cluster 7 0.165

stim congruent cluster 8 0.124

stim congruent cluster 9 0.149

motor init cluster 0 0.307

motor init cluster 1 0.192

motor init cluster 2 0.204

motor init cluster 3 0.289

movement cluster 0 0.234

fback incorrect cluster 0 0.198

fback incorrect cluster 1 0.287

fback incorrect cluster 2 0.214

fback incorrect cluster 3 0.231

fback incorrect cluster 4 0.199

Table 3. Stability scores for shu�led control clusters. Shu�led cluters generated by shu�ling region labels of cells before calculating regional similarity scores and identifying

groupings with Louvain algorithm. None of these shu�led clusters show stability scores> 0.48 that pass the stability criteria.
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Figure S10. Regional clusters in concat and subset feature vectors a. For completeness, we show the results of Louvain community detection on regional similarity for task phases

that have some or all networks which do not pass the statistical significance tests and are excluded from the main figure 6. b. We colored the raster plot (a�er sorting from Rastermap

algorithm) of full concat PETHs with the two clusters identified by Louvain algorithm, using the same color scheme of the Swansonmaps (darker blue indicate stronger/ more reliable

membership in the cluster). We see a similar pattern of the two networks as in fig.3c and d, reflecting a cortical-subcortical separation. c. For completeness, we show the similarity

scores between all stable networks from all task phases, and between these networks and existing fMRI networks. The similarity matrices shown in the main figure 6 are a subset of

these networks, and we see the same cortical-subcortical separation pattern.
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Figure S11. Average PETH of clusters during di�erent task phases True clusters average PETH (blue) compared with controls generated by randomly shu�ling the regional

membership of each cluster (gray lines). Dark dots on the true data indicates significant di�erence from the controls.
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Figure S12. Average PETH of clusters during di�erent task phases (contd.) Same shu�led control analysis as in the previous figure, for the mistake trials and the full concat feature

vectors.
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Figure S13. Shu�led controls for Louvain community detection Created by randomly shu�ling region labels of all cells before computing the functional similarity scores between

regions and running Louvain algorithm to identify clusters. We examine the resulted clusters using these shu�led region labels (right half of each panel) compared to using the true

region labels (le� half of each panel), by computing cosine similarity between all the clusters generated from randomly selecting a number of trials from each trial type when creating

feature vectors. Using the true region labels, Louvain algorithm detects some reliable clusters that are consistent across di�erent shu�les of trials (for most trial phases except resting),

whereas controls using the shu�led region labels always result in inconsistent clusters. Similarity scores among clusters using di�erent subsets of trials are shown as big matrices

ordered by hierarchical clustering along with dendrograms, and the clusters identified by Louvain algorithm on the feature vectors averaged over all trials are shown in the

accompanying smaller matrices.
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Figure S14. Shu�led controls for Louvain community detection (contd.) For all the remaining task phases/ trial types, the Louvain algorithm detects some reliable clusters that are

consistent across di�erent shu�les of trials, whereas controls using the shu�led region labels always result in inconsistent clusters.
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Isocortex (Isocortex) / Frontal pole cerebral cortex (FRP)
Isocortex (Isocortex) / Somatomotor areas (MO) / Primary motor area (MOp)
Isocortex (Isocortex) / Somatomotor areas (MO) / Secondary motor area (MOs)
Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area nose (SSp-n)
Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area barrel field (SSp-bfd)
Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area lower limb (SSp-ll)
Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area mouth (SSp-m)
Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area upper limb (SSp-ul)
Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area trunk (SSp-tr)
Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area unassigned (SSp-un)
Isocortex (Isocortex) / Somatosensory areas (SS) / Supplemental somatosensory area (SSs)
Isocortex (Isocortex) / Gustatory areas (GU)
Isocortex (Isocortex) / Visceral area (VISC)
Isocortex (Isocortex) / Auditory areas (AUD) / Dorsal auditory area (AUDd)
Isocortex (Isocortex) / Auditory areas (AUD) / Primary auditory area (AUDp)
Isocortex (Isocortex) / Auditory areas (AUD) / Posterior auditory area (AUDpo)
Isocortex (Isocortex) / Auditory areas (AUD) / Ventral auditory area (AUDv)
Isocortex (Isocortex) / Visual areas (VIS) / Anterolateral visual area (VISal)
Isocortex (Isocortex) / Visual areas (VIS) / Anteromedial visual area (VISam)
Isocortex (Isocortex) / Visual areas (VIS) / Lateral visual area (VISl)
Isocortex (Isocortex) / Visual areas (VIS) / Primary visual area (VISp)
Isocortex (Isocortex) / Visual areas (VIS) / Posterolateral visual area (VISpl)
Isocortex (Isocortex) / Visual areas (VIS) / posteromedial visual area (VISpm)
Isocortex (Isocortex) / Visual areas (VIS) / Laterointermediate area (VISli)
Isocortex (Isocortex) / Visual areas (VIS) / Postrhinal area (VISpor)
Isocortex (Isocortex) / Anterior cingulate area (ACA) / Anterior cingulate area dorsal part (ACAd)
Isocortex (Isocortex) / Anterior cingulate area (ACA) / Anterior cingulate area ventral part (ACAv)
Isocortex (Isocortex) / Prelimbic area (PL)
Isocortex (Isocortex) / Infralimbic area (ILA)
Isocortex (Isocortex) / Orbital area (ORB) / Orbital area lateral part (ORBl)
Isocortex (Isocortex) / Orbital area (ORB) / Orbital area medial part (ORBm)
Isocortex (Isocortex) / Orbital area (ORB) / Orbital area ventrolateral part (ORBvl)
Isocortex (Isocortex) / Agranular insular area (AI) / Agranular insular area dorsal part (AId)
Isocortex (Isocortex) / Agranular insular area (AI) / Agranular insular area posterior part (AIp)
Isocortex (Isocortex) / Agranular insular area (AI) / Agranular insular area ventral part (AIv)
Isocortex (Isocortex) / Retrosplenial area (RSP) / Retrosplenial area lateral agranular part (RSPagl)
Isocortex (Isocortex) / Retrosplenial area (RSP) / Retrosplenial area dorsal part (RSPd)
Isocortex (Isocortex) / Retrosplenial area (RSP) / Retrosplenial area ventral part (RSPv)
Isocortex (Isocortex) / Posterior parietal association areas (PTLp) / Anterior area (VISa)
Isocortex (Isocortex) / Posterior parietal association areas (PTLp) / Rostrolateral visual area (VISrl)
Isocortex (Isocortex) / Temporal association areas (TEa)
Isocortex (Isocortex) / Perirhinal area (PERI)
Isocortex (Isocortex) / Ectorhinal area (ECT)
Olfactory areas (OLF) / Main olfactory bulb (MOB)
Olfactory areas (OLF) / Anterior olfactory nucleus (AON)
Olfactory areas (OLF) / Taenia tecta (TT) / Taenia tecta dorsal part (TTd)
Olfactory areas (OLF) / Dorsal peduncular area (DP)
Olfactory areas (OLF) / Piriform area (PIR)
Olfactory areas (OLF) / Cortical amygdalar area (COA) / Cortical amygdalar area posterior part (COAp)
Olfactory areas (OLF) / Piriform-amygdalar area (PAA)
Olfactory areas (OLF) / Postpiriform transition area (TR)
Hippocampal formation (HPF) / Hippocampal region (HIP) / Ammon's horn (CA) / Field CA1 (CA1)
Hippocampal formation (HPF) / Hippocampal region (HIP) / Ammon's horn (CA) / Field CA2 (CA2)
Hippocampal formation (HPF) / Hippocampal region (HIP) / Ammon's horn (CA) / Field CA3 (CA3)
Hippocampal formation (HPF) / Hippocampal region (HIP) / Dentate gyrus (DG)
Hippocampal formation (HPF) / Hippocampal region (HIP) / Fasciola cinerea (FC)
Hippocampal formation (HPF) / Hippocampal region (HIP) / Induseum griseum (IG)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Entorhinal area (ENT) / Entorhinal area lateral part (ENTl)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Entorhinal area (ENT) / Entorhinal area medial part dorsal zone (ENTm)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Parasubiculum (PAR)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Postsubiculum (POST)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Presubiculum (PRE)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Subiculum (SUB)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Prosubiculum (ProS)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Hippocampo-amygdalar transition area (HATA)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Area prostriata (APr)
Cortical subplate (CTXsp) / Claustrum (CLA)
Cortical subplate (CTXsp) / Endopiriform nucleus (EP) / Endopiriform nucleus dorsal part (EPd)
Cortical subplate (CTXsp) / Endopiriform nucleus (EP) / Endopiriform nucleus ventral part (EPv)
Cortical subplate (CTXsp) / Lateral amygdalar nucleus (LA)
Cortical subplate (CTXsp) / Basolateral amygdalar nucleus (BLA)
Cortical subplate (CTXsp) / Basomedial amygdalar nucleus (BMA)
Cortical subplate (CTXsp) / Posterior amygdalar nucleus (PA)
Cerebral nuclei (CNU) / Striatum (STR) / Striatum dorsal region (STRd) / Caudoputamen (CP)
Cerebral nuclei (CNU) / Striatum (STR) / Striatum ventral region (STRv) / Nucleus accumbens (ACB)
Cerebral nuclei (CNU) / Striatum (STR) / Striatum ventral region (STRv) / Fundus of striatum (FS)
Cerebral nuclei (CNU) / Striatum (STR) / Striatum ventral region (STRv) / Olfactory tubercle (OT)
Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Lateral septal nucleus (LS) / Lateral septal nucleus caudal (caudodorsal) part (LSc)
Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Lateral septal nucleus (LS) / Lateral septal nucleus rostral (rostroventral) part (LSr)
Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Lateral septal nucleus (LS) / Lateral septal nucleus ventral part (LSv)
Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Septofimbrial nucleus (SF)
Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Septohippocampal nucleus (SH)
Cerebral nuclei (CNU) / Striatum (STR) / Striatum-like amygdalar nuclei (sAMY) / Anterior amygdalar area (AAA)
Cerebral nuclei (CNU) / Striatum (STR) / Striatum-like amygdalar nuclei (sAMY) / Central amygdalar nucleus (CEA)
Cerebral nuclei (CNU) / Striatum (STR) / Striatum-like amygdalar nuclei (sAMY) / Intercalated amygdalar nucleus (IA)
Cerebral nuclei (CNU) / Striatum (STR) / Striatum-like amygdalar nuclei (sAMY) / Medial amygdalar nucleus (MEA)
Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum dorsal region (PALd) / Globus pallidus external segment (GPe)
Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum dorsal region (PALd) / Globus pallidus internal segment (GPi)
Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum ventral region (PALv) / Substantia innominata (SI)
Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum ventral region (PALv) / Magnocellular nucleus (MA)
Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum medial region (PALm) / Medial septal complex (MSC) / Medial septal nucleus (MS)
Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum medial region (PALm) / Medial septal complex (MSC) / Diagonal band nucleus (NDB)
Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum medial region (PALm) / Triangular nucleus of septum (TRS)
Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum caudal region (PALc) / Bed nuclei of the stria terminalis (BST)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral anterior-lateral complex of the thalamus (VAL)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral medial nucleus of the thalamus (VM)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral posterior complex of the thalamus (VP) / Ventral posterolateral nucleus of the thalamus (VPL)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral posterior complex of the thalamus (VP) / Ventral posterolateral nucleus of the thalamus parvicellular part (VPLpc)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral posterior complex of the thalamus (VP) / Ventral posteromedial nucleus of the thalamus (VPM)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral posterior complex of the thalamus (VP) / Ventral posteromedial nucleus of the thalamus parvicellular part (VPMpc)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Posterior triangular thalamic nucleus (PoT)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Subparafascicular nucleus (SPF)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Subparafascicular area (SPA)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Peripeduncular nucleus (PP)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Geniculate group dorsal thalamus (GENd) / Medial geniculate complex (MG)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Geniculate group dorsal thalamus (GENd) / Dorsal part of the lateral geniculate complex (LGd)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Lateral posterior nucleus of the thalamus (LP)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Posterior complex of the thalamus (PO)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Posterior limiting nucleus of the thalamus (POL)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Suprageniculate nucleus (SGN)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Ethmoid nucleus of the thalamus (Eth)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Anterior group of the dorsal thalamus (ATN) / Anteroventral nucleus of thalamus (AV)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Anterior group of the dorsal thalamus (ATN) / Anteromedial nucleus (AM)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Anterior group of the dorsal thalamus (ATN) / Anterodorsal nucleus (AD)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Anterior group of the dorsal thalamus (ATN) / Interanterodorsal nucleus of the thalamus (IAD)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Anterior group of the dorsal thalamus (ATN) / Lateral dorsal nucleus of thalamus (LD)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Medial group of the dorsal thalamus (MED) / Intermediodorsal nucleus of the thalamus (IMD)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Medial group of the dorsal thalamus (MED) / Mediodorsal nucleus of thalamus (MD)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Medial group of the dorsal thalamus (MED) / Submedial nucleus of the thalamus (SMT)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Medial group of the dorsal thalamus (MED) / Perireunensis nucleus (PR)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Midline group of the dorsal thalamus (MTN) / Paraventricular nucleus of the thalamus (PVT)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Midline group of the dorsal thalamus (MTN) / Parataenial nucleus (PT)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Midline group of the dorsal thalamus (MTN) / Nucleus of reuniens (RE)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Intralaminar nuclei of the dorsal thalamus (ILM) / Rhomboid nucleus (RH)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Intralaminar nuclei of the dorsal thalamus (ILM) / Central medial nucleus of the thalamus (CM)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Intralaminar nuclei of the dorsal thalamus (ILM) / Paracentral nucleus (PCN)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Intralaminar nuclei of the dorsal thalamus (ILM) / Central lateral nucleus of the thalamus (CL)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Intralaminar nuclei of the dorsal thalamus (ILM) / Parafascicular nucleus (PF)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Intralaminar nuclei of the dorsal thalamus (ILM) / Posterior intralaminar thalamic nucleus (PIL)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Reticular nucleus of the thalamus (RT)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Geniculate group ventral thalamus (GENv) / Intergeniculate leaflet of the lateral geniculate complex (IGL)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Geniculate group ventral thalamus (GENv) / Intermediate geniculate nucleus (IntG)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Geniculate group ventral thalamus (GENv) / Ventral part of the lateral geniculate complex (LGv)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Geniculate group ventral thalamus (GENv) / Subgeniculate nucleus (SubG)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Epithalamus (EPI) / Medial habenula (MH)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Epithalamus (EPI) / Lateral habenula (LH)

Hypothalamus (HY) / Periventricular zone (PVZ) / Paraventricular hypothalamic nucleus (PVH)
Hypothalamus (HY) / Periventricular region (PVR) / Anteroventral preoptic nucleus (AVP)
Hypothalamus (HY) / Periventricular region (PVR) / Dorsomedial nucleus of the hypothalamus (DMH)
Hypothalamus (HY) / Periventricular region (PVR) / Median preoptic nucleus (MEPO)
Hypothalamus (HY) / Periventricular region (PVR) / Medial preoptic area (MPO)
Hypothalamus (HY) / Periventricular region (PVR) / Parastrial nucleus (PS)
Hypothalamus (HY) / Hypothalamic medial zone (MEZ) / Anterior hypothalamic nucleus (AHN)
Hypothalamus (HY) / Hypothalamic medial zone (MEZ) / Mammillary body (MBO) / Lateral mammillary nucleus (LM)
Hypothalamus (HY) / Hypothalamic medial zone (MEZ) / Mammillary body (MBO) / Medial mammillary nucleus (MM)
Hypothalamus (HY) / Hypothalamic medial zone (MEZ) / Mammillary body (MBO) / Supramammillary nucleus (SUM)
Hypothalamus (HY) / Hypothalamic medial zone (MEZ) / Medial preoptic nucleus (MPN)
Hypothalamus (HY) / Hypothalamic medial zone (MEZ) / Dorsal premammillary nucleus (PMd)
Hypothalamus (HY) / Hypothalamic medial zone (MEZ) / Paraventricular hypothalamic nucleus descending division (PVHd)
Hypothalamus (HY) / Hypothalamic medial zone (MEZ) / Ventromedial hypothalamic nucleus (VMH)
Hypothalamus (HY) / Hypothalamic medial zone (MEZ) / Posterior hypothalamic nucleus (PH)
Hypothalamus (HY) / Hypothalamic lateral zone (LZ) / Lateral hypothalamic area (LHA)
Hypothalamus (HY) / Hypothalamic lateral zone (LZ) / Lateral preoptic area (LPO)
Hypothalamus (HY) / Hypothalamic lateral zone (LZ) / Parasubthalamic nucleus (PSTN)
Hypothalamus (HY) / Hypothalamic lateral zone (LZ) / Perifornical nucleus (PeF)
Hypothalamus (HY) / Hypothalamic lateral zone (LZ) / Subthalamic nucleus (STN)
Hypothalamus (HY) / Hypothalamic lateral zone (LZ) / Tuberal nucleus (TU)
Hypothalamus (HY) / Hypothalamic lateral zone (LZ) / Zona incerta (ZI)
Midbrain (MB) / Midbrain sensory related (MBsen) / Superior colliculus sensory related (SCs)
Midbrain (MB) / Midbrain sensory related (MBsen) / Inferior colliculus (IC)
Midbrain (MB) / Midbrain sensory related (MBsen) / Nucleus of the brachium of the inferior colliculus (NB)
Midbrain (MB) / Midbrain sensory related (MBsen) / Nucleus sagulum (SAG)
Midbrain (MB) / Midbrain sensory related (MBsen) / Parabigeminal nucleus (PBG)
Midbrain (MB) / Midbrain motor related (MBmot) / Substantia nigra reticular part (SNr)
Midbrain (MB) / Midbrain motor related (MBmot) / Ventral tegmental area (VTA)
Midbrain (MB) / Midbrain motor related (MBmot) / Midbrain reticular nucleus retrorubral area (RR)
Midbrain (MB) / Midbrain motor related (MBmot) / Midbrain reticular nucleus (MRN)
Midbrain (MB) / Midbrain motor related (MBmot) / Superior colliculus motor related (SCm)
Midbrain (MB) / Midbrain motor related (MBmot) / Periaqueductal gray (PAG)
Midbrain (MB) / Midbrain motor related (MBmot) / Pretectal region (PRT) / Anterior pretectal nucleus (APN)
Midbrain (MB) / Midbrain motor related (MBmot) / Pretectal region (PRT) / Nucleus of the optic tract (NOT)
Midbrain (MB) / Midbrain motor related (MBmot) / Pretectal region (PRT) / Nucleus of the posterior commissure (NPC)
Midbrain (MB) / Midbrain motor related (MBmot) / Pretectal region (PRT) / Olivary pretectal nucleus (OP)
Midbrain (MB) / Midbrain motor related (MBmot) / Pretectal region (PRT) / Posterior pretectal nucleus (PPT)
Midbrain (MB) / Midbrain motor related (MBmot) / Pretectal region (PRT) / Retroparafascicular nucleus (RPF)
Midbrain (MB) / Midbrain motor related (MBmot) / Cuneiform nucleus (CUN)
Midbrain (MB) / Midbrain motor related (MBmot) / Red nucleus (RN)
Midbrain (MB) / Midbrain motor related (MBmot) / Oculomotor nucleus (III)
Midbrain (MB) / Midbrain motor related (MBmot) / Anterior tegmental nucleus (AT)
Midbrain (MB) / Midbrain motor related (MBmot) / Dorsal terminal nucleus of the accessory optic tract (DT)
Midbrain (MB) / Midbrain behavioral state related (MBsta) / Substantia nigra compact part (SNc)
Midbrain (MB) / Midbrain behavioral state related (MBsta) / Pedunculopontine nucleus (PPN)
Midbrain (MB) / Midbrain behavioral state related (MBsta) / Midbrain raphe nuclei (RAmb) / Interfascicular nucleus raphe (IF)
Midbrain (MB) / Midbrain behavioral state related (MBsta) / Midbrain raphe nuclei (RAmb) / Interpeduncular nucleus (IPN)
Midbrain (MB) / Midbrain behavioral state related (MBsta) / Midbrain raphe nuclei (RAmb) / Rostral linear nucleus raphe (RL)
Midbrain (MB) / Midbrain behavioral state related (MBsta) / Midbrain raphe nuclei (RAmb) / Central linear nucleus raphe (CLI)
Midbrain (MB) / Midbrain behavioral state related (MBsta) / Midbrain raphe nuclei (RAmb) / Dorsal nucleus raphe (DR)
Hindbrain (HB) / Pons (P) / Pons sensory related (P-sen) / Nucleus of the lateral lemniscus (NLL)
Hindbrain (HB) / Pons (P) / Pons sensory related (P-sen) / Principal sensory nucleus of the trigeminal (PSV)
Hindbrain (HB) / Pons (P) / Pons sensory related (P-sen) / Parabrachial nucleus (PB)
Hindbrain (HB) / Pons (P) / Pons sensory related (P-sen) / Superior olivary complex (SOC)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Dorsal tegmental nucleus (DTN)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Posterodorsal tegmental nucleus (PDTg)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Pontine central gray (PCG)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Pontine gray (PG)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Pontine reticular nucleus caudal part (PRNc)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Supratrigeminal nucleus (SUT)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Tegmental reticular nucleus (TRN)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Motor nucleus of trigeminal (V)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Peritrigeminal zone (P5)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Parvicellular motor 5 nucleus (PC5)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Intertrigeminal nucleus (I5)
Hindbrain (HB) / Pons (P) / Pons behavioral state related (P-sat) / Superior central nucleus raphe (CS)
Hindbrain (HB) / Pons (P) / Pons behavioral state related (P-sat) / Laterodorsal tegmental nucleus (LDT)
Hindbrain (HB) / Pons (P) / Pons behavioral state related (P-sat) / Nucleus incertus (NI)
Hindbrain (HB) / Pons (P) / Pons behavioral state related (P-sat) / Pontine reticular nucleus (PRNr)
Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Cochlear nuclei (CN) / Dorsal cochlear nucleus (DCO)
Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Cochlear nuclei (CN) / Ventral cochlear nucleus (VCO)
Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Dorsal column nuclei (DCN) / Cuneate nucleus (CU)
Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Dorsal column nuclei (DCN) / Gracile nucleus (GR)
Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / External cuneate nucleus (ECU)
Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Nucleus of the solitary tract (NTS)
Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Spinal nucleus of the trigeminal caudal part (SPVC)
Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Spinal nucleus of the trigeminal interpolar part (SPVI)
Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Spinal nucleus of the trigeminal oral part (SPVO)
Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Paratrigeminal nucleus (Pa5)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Facial motor nucleus (VII)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Nucleus ambiguus (AMB)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Dorsal motor nucleus of the vagus nerve (DMX)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Gigantocellular reticular nucleus (GRN)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Infracerebellar nucleus (ICB)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Inferior olivary complex (IO)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Intermediate reticular nucleus (IRN)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Linear nucleus of the medulla (LIN)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Lateral reticular nucleus (LRN)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Magnocellular reticular nucleus (MARN)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Medullary reticular nucleus (MDRN)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Parvicellular reticular nucleus (PARN)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Parasolitary nucleus (PAS)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Paragigantocellular reticular nucleus (PGRN)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Perihypoglossal nuclei (PHY) / Nucleus prepositus (PRP)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Vestibular nuclei (VNC) / Lateral vestibular nucleus (LAV)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Vestibular nuclei (VNC) / Medial vestibular nucleus (MV)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Vestibular nuclei (VNC) / Spinal vestibular nucleus (SPIV)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Vestibular nuclei (VNC) / Superior vestibular nucleus (SUV)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Nucleus x (x)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Hypoglossal nucleus (XII)
Hindbrain (HB) / Medulla (MY) / Medulla behavioral state related (MY-sat) / Nucleus raphe obscurus (RO)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Lingula (I) (LING)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Central lobule (CENT) / Lobule II (CENT2)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Central lobule (CENT) / Lobule III (CENT3)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Culmen (CUL) / Lobules IV-V (CUL4 5)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Declive (VI) (DEC)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Folium-tuber vermis (VII) (FOTU)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Pyramus (VIII) (PYR)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Uvula (IX) (UVU)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Nodulus (X) (NOD)
Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Simple lobule (SIM)
Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Ansiform lobule (AN) / Crus 1 (ANcr1)
Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Ansiform lobule (AN) / Crus 2 (ANcr2)
Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Paramedian lobule (PRM)
Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Copula pyramidis (COPY)
Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Paraflocculus (PFL)
Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Flocculus (FL)
Cerebellum (CB) / Cerebellar nuclei (CBN) / Fastigial nucleus (FN)
Cerebellum (CB) / Cerebellar nuclei (CBN) / Interposed nucleus (IP)
Cerebellum (CB) / Cerebellar nuclei (CBN) / Dentate nucleus (DN)
Cerebellum (CB) / Cerebellar nuclei (CBN) / Vestibulocerebellar nucleus (VeCB)

Figure S15. Anatomical hierarchy for all used regions For each of the used regions, at "Beryl" hierarchical level, the parent structures are shown with full names and acronyms, up to

"Cosmos" hierarchical level. Find the full anatomical hierarchy tree at the Allen adult mouse brain atlas.
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Figure S16. Anatomical xyz position distances for cell partitions controlled by global density a Partition of cells into functional kmeans groups; cluster number in title (number of

neurons), note homogeneity in cell numbers and spatial distribution. b Partition of cells into anatomical Cosmos regions. c Similarity across functional neuron groups (kmeans

clusters) a�er normalizing each smoothed 3D voxel image by the image of all cells (ALL). Note quantitave reduction of kmeans cluster similarity in comparision to Fig.2f, while

qualitatively all clusters remain similarly distributed in space. d Similarity across anatomical neuron groups (Cosmos) a�er normalizing each smoothed 3D voxel image by the image of

all cells (ALL). Barely any di�erence in comparision to Fig.2g.
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Isocortex (Isocortex) / Auditory areas (AUD) / Primary auditory area (AUDp)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Pontine central gray (PCG)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Intralaminar nuclei of the dorsal thalamus (ILM) / Parafascicular nucleus (PF)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Tegmental reticular nucleus (TRN)

Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Subparafascicular nucleus (SPF)
Midbrain (MB) / Midbrain motor related (MBmot) / Periaqueductal gray (PAG)

Hypothalamus (HY) / Hypothalamic lateral zone (LZ) / Lateral hypothalamic area (LHA)
Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Cochlear nuclei (CN) / Ventral cochlear nucleus (VCO)

Midbrain (MB) / Midbrain sensory related (MBsen) / Inferior colliculus (IC)
Hindbrain (HB) / Pons (P) / Pons behavioral state related (P-sat) / Superior central nucleus raphe (CS)

Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Cochlear nuclei (CN) / Dorsal cochlear nucleus (DCO)
Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Septofimbrial nucleus (SF)

Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Central lobule (CENT) / Lobule II (CENT2)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Suprageniculate nucleus (SGN)

Midbrain (MB) / Midbrain motor related (MBmot) / Pretectal region (PRT) / Anterior pretectal nucleus (APN)
Cerebellum (CB) / Cerebellar nuclei (CBN) / Dentate nucleus (DN)

Midbrain (MB) / Midbrain motor related (MBmot) / Midbrain reticular nucleus (MRN)
Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Lateral septal nucleus (LS) / Lateral septal nucleus ventral part (LSv)

Hypothalamus (HY) / Hypothalamic lateral zone (LZ) / Zona incerta (ZI)
Hindbrain (HB) / Pons (P) / Pons behavioral state related (P-sat) / Pontine reticular nucleus (PRNr)

Cerebral nuclei (CNU) / Striatum (STR) / Striatum-like amygdalar nuclei (sAMY) / Central amygdalar nucleus (CEA)
Isocortex (Isocortex) / Visual areas (VIS) / Anteromedial visual area (VISam)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Reticular nucleus of the thalamus (RT)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Posterior triangular thalamic nucleus (PoT)

Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Culmen (CUL) / Lobules IV-V (CUL4 5)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Vestibular nuclei (VNC) / Medial vestibular nucleus (MV)

Isocortex (Isocortex) / Auditory areas (AUD) / Ventral auditory area (AUDv)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Epithalamus (EPI) / Lateral habenula (LH)

Cerebral nuclei (CNU) / Striatum (STR) / Striatum ventral region (STRv) / Olfactory tubercle (OT)
Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Ansiform lobule (AN) / Crus 1 (ANcr1)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Central lobule (CENT) / Lobule III (CENT3)

Hippocampal formation (HPF) / Hippocampal region (HIP) / Dentate gyrus (DG)
Midbrain (MB) / Midbrain motor related (MBmot) / Superior colliculus motor related (SCm)

Midbrain (MB) / Midbrain motor related (MBmot) / Red nucleus (RN)
Isocortex (Isocortex) / Anterior cingulate area (ACA) / Anterior cingulate area dorsal part (ACAd)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Posterior limiting nucleus of the thalamus (POL)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Medial group of the dorsal thalamus (MED) / Mediodorsal nucleus of thalamus (MD)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Ethmoid nucleus of the thalamus (Eth)

Cerebral nuclei (CNU) / Striatum (STR) / Striatum ventral region (STRv) / Nucleus accumbens (ACB)
Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum dorsal region (PALd) / Globus pallidus external segment (GPe)

Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Pontine reticular nucleus caudal part (PRNc)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral anterior-lateral complex of the thalamus (VAL)

Hindbrain (HB) / Pons (P) / Pons sensory related (P-sen) / Parabrachial nucleus (PB)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Entorhinal area (ENT) / Entorhinal area medial part dorsal zone (ENTm)

Isocortex (Isocortex) / Posterior parietal association areas (PTLp) / Anterior area (VISa)
Isocortex (Isocortex) / Prelimbic area (PL)

Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral medial nucleus of the thalamus (VM)
Midbrain (MB) / Midbrain behavioral state related (MBsta) / Midbrain raphe nuclei (RAmb) / Central linear nucleus raphe (CLI)

Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Copula pyramidis (COPY)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Motor nucleus of trigeminal (V)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Supratrigeminal nucleus (SUT)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Parasubiculum (PAR)

Cerebral nuclei (CNU) / Striatum (STR) / Striatum dorsal region (STRd) / Caudoputamen (CP)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Pyramus (VIII) (PYR)

Isocortex (Isocortex) / Visual areas (VIS) / Posterolateral visual area (VISpl)
Cortical subplate (CTXsp) / Posterior amygdalar nucleus (PA)

Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area mouth (SSp-m)
Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Spinal nucleus of the trigeminal interpolar part (SPVI)

Hippocampal formation (HPF) / Hippocampal region (HIP) / Ammon's horn (CA) / Field CA1 (CA1)
Isocortex (Isocortex) / Somatomotor areas (MO) / Primary motor area (MOp)

Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Presubiculum (PRE)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Paragigantocellular reticular nucleus (PGRN)

Isocortex (Isocortex) / Retrosplenial area (RSP) / Retrosplenial area ventral part (RSPv)
Hindbrain (HB) / Pons (P) / Pons sensory related (P-sen) / Nucleus of the lateral lemniscus (NLL)

Isocortex (Isocortex) / Retrosplenial area (RSP) / Retrosplenial area lateral agranular part (RSPagl)
Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Simple lobule (SIM)

Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral posterior complex of the thalamus (VP) / Ventral posterolateral nucleus of the thalamus (VPL)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Parvicellular reticular nucleus (PARN)

Isocortex (Isocortex) / Infralimbic area (ILA)
Isocortex (Isocortex) / Somatosensory areas (SS) / Supplemental somatosensory area (SSs)

Isocortex (Isocortex) / Temporal association areas (TEa)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Lateral posterior nucleus of the thalamus (LP)

Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Prosubiculum (ProS)
Isocortex (Isocortex) / Somatomotor areas (MO) / Secondary motor area (MOs)

Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral posterior complex of the thalamus (VP) / Ventral posteromedial nucleus of the thalamus (VPM)
Isocortex (Isocortex) / Visual areas (VIS) / Primary visual area (VISp)

Isocortex (Isocortex) / Anterior cingulate area (ACA) / Anterior cingulate area ventral part (ACAv)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Postsubiculum (POST)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Posterior complex of the thalamus (PO)
Hippocampal formation (HPF) / Hippocampal region (HIP) / Ammon's horn (CA) / Field CA3 (CA3)

Isocortex (Isocortex) / Orbital area (ORB) / Orbital area lateral part (ORBl)
Isocortex (Isocortex) / Retrosplenial area (RSP) / Retrosplenial area dorsal part (RSPd)

Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Subiculum (SUB)
Midbrain (MB) / Midbrain behavioral state related (MBsta) / Pedunculopontine nucleus (PPN)

Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Lateral septal nucleus (LS) / Lateral septal nucleus rostral (rostroventral) part (LSr)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Anterior group of the dorsal thalamus (ATN) / Lateral dorsal nucleus of thalamus (LD)

Olfactory areas (OLF) / Dorsal peduncular area (DP)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Intermediate reticular nucleus (IRN)

Olfactory areas (OLF) / Anterior olfactory nucleus (AON)
Isocortex (Isocortex) / Orbital area (ORB) / Orbital area ventrolateral part (ORBvl)

Cerebellum (CB) / Cerebellar nuclei (CBN) / Interposed nucleus (IP)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Gigantocellular reticular nucleus (GRN)

stim_response

Figure S17. Regional participation histogram in stimulus response cellswith the full anatomical hierarchy listed for each region.
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Hindbrain (HB) / Pons (P) / Pons behavioral state related (P-sat) / Superior central nucleus raphe (CS)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral anterior-lateral complex of the thalamus (VAL)

Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Pontine reticular nucleus caudal part (PRNc)
Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum dorsal region (PALd) / Globus pallidus external segment (GPe)
Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Ansiform lobule (AN) / Crus 2 (ANcr2)

Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Parasubiculum (PAR)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Tegmental reticular nucleus (TRN)

Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Ansiform lobule (AN) / Crus 1 (ANcr1)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Prosubiculum (ProS)

Midbrain (MB) / Midbrain behavioral state related (MBsta) / Midbrain raphe nuclei (RAmb) / Central linear nucleus raphe (CLI)
Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum medial region (PALm) / Medial septal complex (MSC) / Diagonal band nucleus (NDB)

Isocortex (Isocortex) / Posterior parietal association areas (PTLp) / Rostrolateral visual area (VISrl)
Cerebral nuclei (CNU) / Striatum (STR) / Striatum ventral region (STRv) / Olfactory tubercle (OT)

Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral medial nucleus of the thalamus (VM)
Midbrain (MB) / Midbrain motor related (MBmot) / Periaqueductal gray (PAG)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Gigantocellular reticular nucleus (GRN)
Hypothalamus (HY) / Hypothalamic lateral zone (LZ) / Lateral hypothalamic area (LHA)

Midbrain (MB) / Midbrain motor related (MBmot) / Midbrain reticular nucleus (MRN)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Reticular nucleus of the thalamus (RT)

Midbrain (MB) / Midbrain motor related (MBmot) / Red nucleus (RN)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Intralaminar nuclei of the dorsal thalamus (ILM) / Parafascicular nucleus (PF)

Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Septofimbrial nucleus (SF)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Magnocellular reticular nucleus (MARN)

Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum ventral region (PALv) / Substantia innominata (SI)
Isocortex (Isocortex) / Anterior cingulate area (ACA) / Anterior cingulate area dorsal part (ACAd)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Medial group of the dorsal thalamus (MED) / Submedial nucleus of the thalamus (SMT)
Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Simple lobule (SIM)

Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Lateral septal nucleus (LS) / Lateral septal nucleus caudal (caudodorsal) part (LSc)
Isocortex (Isocortex) / Somatomotor areas (MO) / Primary motor area (MOp)

Cerebral nuclei (CNU) / Striatum (STR) / Striatum ventral region (STRv) / Nucleus accumbens (ACB)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Anterior group of the dorsal thalamus (ATN) / Anteroventral nucleus of thalamus (AV)

Midbrain (MB) / Midbrain motor related (MBmot) / Pretectal region (PRT) / Anterior pretectal nucleus (APN)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Pontine central gray (PCG)

Isocortex (Isocortex) / Retrosplenial area (RSP) / Retrosplenial area ventral part (RSPv)
Midbrain (MB) / Midbrain motor related (MBmot) / Superior colliculus motor related (SCm)

Isocortex (Isocortex) / Somatosensory areas (SS) / Supplemental somatosensory area (SSs)
Isocortex (Isocortex) / Prelimbic area (PL)

Isocortex (Isocortex) / Orbital area (ORB) / Orbital area lateral part (ORBl)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Posterior limiting nucleus of the thalamus (POL)

Cerebellum (CB) / Cerebellar nuclei (CBN) / Interposed nucleus (IP)
Isocortex (Isocortex) / Somatomotor areas (MO) / Secondary motor area (MOs)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Perihypoglossal nuclei (PHY) / Nucleus prepositus (PRP)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Medial group of the dorsal thalamus (MED) / Mediodorsal nucleus of thalamus (MD)

Midbrain (MB) / Midbrain motor related (MBmot) / Cuneiform nucleus (CUN)
Hindbrain (HB) / Pons (P) / Pons sensory related (P-sen) / Parabrachial nucleus (PB)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Intralaminar nuclei of the dorsal thalamus (ILM) / Central medial nucleus of the thalamus (CM)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Posterior triangular thalamic nucleus (PoT)

Isocortex (Isocortex) / Retrosplenial area (RSP) / Retrosplenial area dorsal part (RSPd)
Isocortex (Isocortex) / Agranular insular area (AI) / Agranular insular area dorsal part (AId)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Paragigantocellular reticular nucleus (PGRN)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Ethmoid nucleus of the thalamus (Eth)

Hypothalamus (HY) / Hypothalamic lateral zone (LZ) / Zona incerta (ZI)
Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Nucleus of the solitary tract (NTS)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Infracerebellar nucleus (ICB)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Midline group of the dorsal thalamus (MTN) / Paraventricular nucleus of the thalamus (PVT)

Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Supratrigeminal nucleus (SUT)
Midbrain (MB) / Midbrain motor related (MBmot) / Pretectal region (PRT) / Nucleus of the posterior commissure (NPC)

Hippocampal formation (HPF) / Hippocampal region (HIP) / Ammon's horn (CA) / Field CA3 (CA3)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Vestibular nuclei (VNC) / Superior vestibular nucleus (SUV)

Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area upper limb (SSp-ul)
Midbrain (MB) / Midbrain motor related (MBmot) / Pretectal region (PRT) / Nucleus of the optic tract (NOT)

Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Central lobule (CENT) / Lobule II (CENT2)
Hippocampal formation (HPF) / Hippocampal region (HIP) / Dentate gyrus (DG)

Hippocampal formation (HPF) / Hippocampal region (HIP) / Ammon's horn (CA) / Field CA1 (CA1)
Isocortex (Isocortex) / Visual areas (VIS) / Posterolateral visual area (VISpl)
Isocortex (Isocortex) / Auditory areas (AUD) / Primary auditory area (AUDp)

Hindbrain (HB) / Pons (P) / Pons sensory related (P-sen) / Nucleus of the lateral lemniscus (NLL)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Culmen (CUL) / Lobules IV-V (CUL4 5)

Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area mouth (SSp-m)
Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum medial region (PALm) / Triangular nucleus of septum (TRS)

Cerebral nuclei (CNU) / Striatum (STR) / Striatum dorsal region (STRd) / Caudoputamen (CP)
Isocortex (Isocortex) / Visual areas (VIS) / Anteromedial visual area (VISam)

Isocortex (Isocortex) / Frontal pole cerebral cortex (FRP)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral posterior complex of the thalamus (VP) / Ventral posteromedial nucleus of the thalamus parvicellular part (VPMpc)

Isocortex (Isocortex) / Posterior parietal association areas (PTLp) / Anterior area (VISa)
Isocortex (Isocortex) / Visual areas (VIS) / Primary visual area (VISp)

Isocortex (Isocortex) / Retrosplenial area (RSP) / Retrosplenial area lateral agranular part (RSPagl)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Subparafascicular nucleus (SPF)

Midbrain (MB) / Midbrain sensory related (MBsen) / Superior colliculus sensory related (SCs)
Isocortex (Isocortex) / Visual areas (VIS) / posteromedial visual area (VISpm)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Parvicellular reticular nucleus (PARN)
Midbrain (MB) / Midbrain sensory related (MBsen) / Inferior colliculus (IC)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Intermediate reticular nucleus (IRN)
Isocortex (Isocortex) / Orbital area (ORB) / Orbital area medial part (ORBm)

Isocortex (Isocortex) / Anterior cingulate area (ACA) / Anterior cingulate area ventral part (ACAv)
Isocortex (Isocortex) / Auditory areas (AUD) / Ventral auditory area (AUDv)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Vestibular nuclei (VNC) / Medial vestibular nucleus (MV)
Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum medial region (PALm) / Medial septal complex (MSC) / Medial septal nucleus (MS)

Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Spinal nucleus of the trigeminal interpolar part (SPVI)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Postsubiculum (POST)

Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum caudal region (PALc) / Bed nuclei of the stria terminalis (BST)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral posterior complex of the thalamus (VP) / Ventral posterolateral nucleus of the thalamus (VPL)

Hindbrain (HB) / Pons (P) / Pons behavioral state related (P-sat) / Pontine reticular nucleus (PRNr)
Cerebellum (CB) / Cerebellar nuclei (CBN) / Vestibulocerebellar nucleus (VeCB)

Cortical subplate (CTXsp) / Endopiriform nucleus (EP) / Endopiriform nucleus ventral part (EPv)
Isocortex (Isocortex) / Infralimbic area (ILA)

Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Subiculum (SUB)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Presubiculum (PRE)

Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Central lobule (CENT) / Lobule III (CENT3)
Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Cochlear nuclei (CN) / Dorsal cochlear nucleus (DCO)

Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area barrel field (SSp-bfd)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Anterior group of the dorsal thalamus (ATN) / Lateral dorsal nucleus of thalamus (LD)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Vestibular nuclei (VNC) / Lateral vestibular nucleus (LAV)
Olfactory areas (OLF) / Anterior olfactory nucleus (AON)

Olfactory areas (OLF) / Dorsal peduncular area (DP)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral posterior complex of the thalamus (VP) / Ventral posteromedial nucleus of the thalamus (VPM)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Lateral posterior nucleus of the thalamus (LP)
Cortical subplate (CTXsp) / Basolateral amygdalar nucleus (BLA)

Midbrain (MB) / Midbrain behavioral state related (MBsta) / Pedunculopontine nucleus (PPN)
Isocortex (Isocortex) / Temporal association areas (TEa)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Epithalamus (EPI) / Lateral habenula (LH)
Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Lateral septal nucleus (LS) / Lateral septal nucleus rostral (rostroventral) part (LSr)

Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area trunk (SSp-tr)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Motor nucleus of trigeminal (V)

Cortical subplate (CTXsp) / Endopiriform nucleus (EP) / Endopiriform nucleus dorsal part (EPd)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Vestibular nuclei (VNC) / Spinal vestibular nucleus (SPIV)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Posterior complex of the thalamus (PO)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Geniculate group ventral thalamus (GENv) / Ventral part of the lateral geniculate complex (LGv)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Medullary reticular nucleus (MDRN)
Isocortex (Isocortex) / Agranular insular area (AI) / Agranular insular area ventral part (AIv)

Cerebellum (CB) / Cerebellar nuclei (CBN) / Dentate nucleus (DN)
Isocortex (Isocortex) / Orbital area (ORB) / Orbital area ventrolateral part (ORBvl)

Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Copula pyramidis (COPY)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Geniculate group dorsal thalamus (GENd) / Dorsal part of the lateral geniculate complex (LGd)

Cerebral nuclei (CNU) / Striatum (STR) / Striatum-like amygdalar nuclei (sAMY) / Central amygdalar nucleus (CEA)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Nodulus (X) (NOD)

Isocortex (Isocortex) / Visual areas (VIS) / Lateral visual area (VISl)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Geniculate group dorsal thalamus (GENd) / Medial geniculate complex (MG)

Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Spinal nucleus of the trigeminal oral part (SPVO)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Pyramus (VIII) (PYR)

Cortical subplate (CTXsp) / Posterior amygdalar nucleus (PA)
Olfactory areas (OLF) / Taenia tecta (TT) / Taenia tecta dorsal part (TTd)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Anterior group of the dorsal thalamus (ATN) / Anteromedial nucleus (AM)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Entorhinal area (ENT) / Entorhinal area lateral part (ENTl)

Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Entorhinal area (ENT) / Entorhinal area medial part dorsal zone (ENTm)
Olfactory areas (OLF) / Piriform area (PIR)

Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area lower limb (SSp-ll)
Olfactory areas (OLF) / Cortical amygdalar area (COA) / Cortical amygdalar area posterior part (COAp)

Cerebral nuclei (CNU) / Striatum (STR) / Striatum-like amygdalar nuclei (sAMY) / Medial amygdalar nucleus (MEA)
Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Lateral septal nucleus (LS) / Lateral septal nucleus ventral part (LSv)

integrator

Figure S18. Regional participation histogram in integrator cellswith the full anatomical hierarchy listed for each region.
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Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Paragigantocellular reticular nucleus (PGRN)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Gigantocellular reticular nucleus (GRN)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Magnocellular reticular nucleus (MARN)

Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Copula pyramidis (COPY)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Subparafascicular nucleus (SPF)

Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area upper limb (SSp-ul)
Cerebellum (CB) / Cerebellar nuclei (CBN) / Vestibulocerebellar nucleus (VeCB)

Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Nodulus (X) (NOD)
Midbrain (MB) / Midbrain motor related (MBmot) / Pretectal region (PRT) / Nucleus of the posterior commissure (NPC)

Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Ansiform lobule (AN) / Crus 1 (ANcr1)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Intermediate reticular nucleus (IRN)

Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area lower limb (SSp-ll)
Midbrain (MB) / Midbrain motor related (MBmot) / Midbrain reticular nucleus (MRN)

Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Pontine reticular nucleus caudal part (PRNc)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Ethmoid nucleus of the thalamus (Eth)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Vestibular nuclei (VNC) / Spinal vestibular nucleus (SPIV)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral posterior complex of the thalamus (VP) / Ventral posterolateral nucleus of the thalamus (VPL)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Infracerebellar nucleus (ICB)
Midbrain (MB) / Midbrain motor related (MBmot) / Red nucleus (RN)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Medial group of the dorsal thalamus (MED) / Mediodorsal nucleus of thalamus (MD)
Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum dorsal region (PALd) / Globus pallidus external segment (GPe)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Reticular nucleus of the thalamus (RT)
Hindbrain (HB) / Pons (P) / Pons behavioral state related (P-sat) / Pontine reticular nucleus (PRNr)

Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Cochlear nuclei (CN) / Dorsal cochlear nucleus (DCO)
Hypothalamus (HY) / Hypothalamic lateral zone (LZ) / Zona incerta (ZI)

Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Tegmental reticular nucleus (TRN)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Intralaminar nuclei of the dorsal thalamus (ILM) / Parafascicular nucleus (PF)

Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Parasubiculum (PAR)
Cerebellum (CB) / Cerebellar nuclei (CBN) / Interposed nucleus (IP)

Isocortex (Isocortex) / Retrosplenial area (RSP) / Retrosplenial area ventral part (RSPv)
Isocortex (Isocortex) / Retrosplenial area (RSP) / Retrosplenial area lateral agranular part (RSPagl)

Midbrain (MB) / Midbrain motor related (MBmot) / Pretectal region (PRT) / Anterior pretectal nucleus (APN)
Hindbrain (HB) / Pons (P) / Pons sensory related (P-sen) / Nucleus of the lateral lemniscus (NLL)

Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Motor nucleus of trigeminal (V)
Midbrain (MB) / Midbrain motor related (MBmot) / Superior colliculus motor related (SCm)

Midbrain (MB) / Midbrain behavioral state related (MBsta) / Pedunculopontine nucleus (PPN)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Intralaminar nuclei of the dorsal thalamus (ILM) / Central medial nucleus of the thalamus (CM)

Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral anterior-lateral complex of the thalamus (VAL)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral medial nucleus of the thalamus (VM)

Isocortex (Isocortex) / Anterior cingulate area (ACA) / Anterior cingulate area dorsal part (ACAd)
Midbrain (MB) / Midbrain behavioral state related (MBsta) / Midbrain raphe nuclei (RAmb) / Central linear nucleus raphe (CLI)

Hippocampal formation (HPF) / Hippocampal region (HIP) / Ammon's horn (CA) / Field CA1 (CA1)
Isocortex (Isocortex) / Somatomotor areas (MO) / Secondary motor area (MOs)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Medial group of the dorsal thalamus (MED) / Submedial nucleus of the thalamus (SMT)
Midbrain (MB) / Midbrain sensory related (MBsen) / Inferior colliculus (IC)

Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area trunk (SSp-tr)
Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Simple lobule (SIM)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Vestibular nuclei (VNC) / Medial vestibular nucleus (MV)
Isocortex (Isocortex) / Retrosplenial area (RSP) / Retrosplenial area dorsal part (RSPd)

Isocortex (Isocortex) / Agranular insular area (AI) / Agranular insular area dorsal part (AId)
Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Spinal nucleus of the trigeminal interpolar part (SPVI)

Cerebral nuclei (CNU) / Striatum (STR) / Striatum dorsal region (STRd) / Caudoputamen (CP)
Hindbrain (HB) / Pons (P) / Pons sensory related (P-sen) / Parabrachial nucleus (PB)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Parvicellular reticular nucleus (PARN)
Isocortex (Isocortex) / Orbital area (ORB) / Orbital area lateral part (ORBl)

Midbrain (MB) / Midbrain motor related (MBmot) / Periaqueductal gray (PAG)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Culmen (CUL) / Lobules IV-V (CUL4 5)

Isocortex (Isocortex) / Somatomotor areas (MO) / Primary motor area (MOp)
Hypothalamus (HY) / Hypothalamic lateral zone (LZ) / Lateral hypothalamic area (LHA)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Anterior group of the dorsal thalamus (ATN) / Anteroventral nucleus of thalamus (AV)
Midbrain (MB) / Midbrain motor related (MBmot) / Cuneiform nucleus (CUN)

Cerebellum (CB) / Cerebellar nuclei (CBN) / Dentate nucleus (DN)
Isocortex (Isocortex) / Frontal pole cerebral cortex (FRP)

Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area barrel field (SSp-bfd)
Hindbrain (HB) / Pons (P) / Pons behavioral state related (P-sat) / Superior central nucleus raphe (CS)

Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Central lobule (CENT) / Lobule III (CENT3)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Entorhinal area (ENT) / Entorhinal area medial part dorsal zone (ENTm)

Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Nucleus of the solitary tract (NTS)
Isocortex (Isocortex) / Visual areas (VIS) / Anteromedial visual area (VISam)

Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Pontine central gray (PCG)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Central lobule (CENT) / Lobule II (CENT2)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Medullary reticular nucleus (MDRN)
Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Ansiform lobule (AN) / Crus 2 (ANcr2)

Isocortex (Isocortex) / Anterior cingulate area (ACA) / Anterior cingulate area ventral part (ACAv)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Perihypoglossal nuclei (PHY) / Nucleus prepositus (PRP)

Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Pyramus (VIII) (PYR)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Postsubiculum (POST)

Isocortex (Isocortex) / Somatosensory areas (SS) / Supplemental somatosensory area (SSs)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Vestibular nuclei (VNC) / Superior vestibular nucleus (SUV)

Isocortex (Isocortex) / Prelimbic area (PL)
Isocortex (Isocortex) / Auditory areas (AUD) / Ventral auditory area (AUDv)

Isocortex (Isocortex) / Orbital area (ORB) / Orbital area ventrolateral part (ORBvl)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Anterior group of the dorsal thalamus (ATN) / Anteromedial nucleus (AM)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Epithalamus (EPI) / Lateral habenula (LH)
Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Lateral septal nucleus (LS) / Lateral septal nucleus ventral part (LSv)

Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral posterior complex of the thalamus (VP) / Ventral posteromedial nucleus of the thalamus parvicellular part (VPMpc)
Isocortex (Isocortex) / Posterior parietal association areas (PTLp) / Anterior area (VISa)

Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Posterior triangular thalamic nucleus (PoT)
Isocortex (Isocortex) / Orbital area (ORB) / Orbital area medial part (ORBm)

Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Subiculum (SUB)
Hippocampal formation (HPF) / Hippocampal region (HIP) / Dentate gyrus (DG)

Isocortex (Isocortex) / Infralimbic area (ILA)
Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Spinal nucleus of the trigeminal oral part (SPVO)

Midbrain (MB) / Midbrain sensory related (MBsen) / Superior colliculus sensory related (SCs)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Anterior group of the dorsal thalamus (ATN) / Lateral dorsal nucleus of thalamus (LD)

Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Entorhinal area (ENT) / Entorhinal area lateral part (ENTl)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Suprageniculate nucleus (SGN)

Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral posterior complex of the thalamus (VP) / Ventral posteromedial nucleus of the thalamus (VPM)
Isocortex (Isocortex) / Agranular insular area (AI) / Agranular insular area ventral part (AIv)

Hippocampal formation (HPF) / Hippocampal region (HIP) / Ammon's horn (CA) / Field CA3 (CA3)
Olfactory areas (OLF) / Dorsal peduncular area (DP)

Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum caudal region (PALc) / Bed nuclei of the stria terminalis (BST)
Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Lateral septal nucleus (LS) / Lateral septal nucleus rostral (rostroventral) part (LSr)

Isocortex (Isocortex) / Posterior parietal association areas (PTLp) / Rostrolateral visual area (VISrl)
Olfactory areas (OLF) / Cortical amygdalar area (COA) / Cortical amygdalar area posterior part (COAp)

Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Prosubiculum (ProS)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Lateral posterior nucleus of the thalamus (LP)

Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Supratrigeminal nucleus (SUT)
Isocortex (Isocortex) / Visual areas (VIS) / Lateral visual area (VISl)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Midline group of the dorsal thalamus (MTN) / Paraventricular nucleus of the thalamus (PVT)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Posterior complex of the thalamus (PO)

Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Lateral septal nucleus (LS) / Lateral septal nucleus caudal (caudodorsal) part (LSc)
Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum ventral region (PALv) / Substantia innominata (SI)

Isocortex (Isocortex) / Visual areas (VIS) / Posterolateral visual area (VISpl)
Isocortex (Isocortex) / Auditory areas (AUD) / Primary auditory area (AUDp)

Isocortex (Isocortex) / Temporal association areas (TEa)
Olfactory areas (OLF) / Taenia tecta (TT) / Taenia tecta dorsal part (TTd)

Isocortex (Isocortex) / Gustatory areas (GU)
Cerebral nuclei (CNU) / Striatum (STR) / Striatum ventral region (STRv) / Olfactory tubercle (OT)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Posterior limiting nucleus of the thalamus (POL)
Isocortex (Isocortex) / Visual areas (VIS) / Primary visual area (VISp)

Midbrain (MB) / Midbrain motor related (MBmot) / Pretectal region (PRT) / Nucleus of the optic tract (NOT)
Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum medial region (PALm) / Triangular nucleus of septum (TRS)

Isocortex (Isocortex) / Visual areas (VIS) / posteromedial visual area (VISpm)
Cerebral nuclei (CNU) / Striatum (STR) / Striatum ventral region (STRv) / Nucleus accumbens (ACB)

Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Geniculate group dorsal thalamus (GENd) / Dorsal part of the lateral geniculate complex (LGd)
Cerebral nuclei (CNU) / Striatum (STR) / Striatum-like amygdalar nuclei (sAMY) / Central amygdalar nucleus (CEA)

Olfactory areas (OLF) / Piriform-amygdalar area (PAA)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Vestibular nuclei (VNC) / Lateral vestibular nucleus (LAV)

Cortical subplate (CTXsp) / Basolateral amygdalar nucleus (BLA)
Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area mouth (SSp-m)

Olfactory areas (OLF) / Anterior olfactory nucleus (AON)
Cortical subplate (CTXsp) / Endopiriform nucleus (EP) / Endopiriform nucleus ventral part (EPv)

Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Presubiculum (PRE)
Cortical subplate (CTXsp) / Basomedial amygdalar nucleus (BMA)

Cerebral nuclei (CNU) / Striatum (STR) / Striatum-like amygdalar nuclei (sAMY) / Medial amygdalar nucleus (MEA)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Geniculate group dorsal thalamus (GENd) / Medial geniculate complex (MG)

move_init

Figure S19. Regional participation histogram inmovement initiation cellswith the full anatomical hierarchy listed for each region.
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Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Medullary reticular nucleus (MDRN)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral medial nucleus of the thalamus (VM)

Midbrain (MB) / Midbrain behavioral state related (MBsta) / Midbrain raphe nuclei (RAmb) / Central linear nucleus raphe (CLI)
Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area lower limb (SSp-ll)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Gigantocellular reticular nucleus (GRN)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Motor nucleus of trigeminal (V)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Paragigantocellular reticular nucleus (PGRN)
Cerebral nuclei (CNU) / Striatum (STR) / Striatum ventral region (STRv) / Olfactory tubercle (OT)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Reticular nucleus of the thalamus (RT)
Cerebral nuclei (CNU) / Striatum (STR) / Striatum dorsal region (STRd) / Caudoputamen (CP)

Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral anterior-lateral complex of the thalamus (VAL)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Tegmental reticular nucleus (TRN)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Magnocellular reticular nucleus (MARN)
Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Spinal nucleus of the trigeminal interpolar part (SPVI)

Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral posterior complex of the thalamus (VP) / Ventral posteromedial nucleus of the thalamus (VPM)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Geniculate group ventral thalamus (GENv) / Ventral part of the lateral geniculate complex (LGv)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Parvicellular reticular nucleus (PARN)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Perihypoglossal nuclei (PHY) / Nucleus prepositus (PRP)

Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Postsubiculum (POST)
Isocortex (Isocortex) / Somatosensory areas (SS) / Supplemental somatosensory area (SSs)

Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Pontine reticular nucleus caudal part (PRNc)
Isocortex (Isocortex) / Posterior parietal association areas (PTLp) / Rostrolateral visual area (VISrl)

Isocortex (Isocortex) / Auditory areas (AUD) / Ventral auditory area (AUDv)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral posterior complex of the thalamus (VP) / Ventral posterolateral nucleus of the thalamus (VPL)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Intermediate reticular nucleus (IRN)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Culmen (CUL) / Lobules IV-V (CUL4 5)

Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Posterior triangular thalamic nucleus (PoT)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Subparafascicular nucleus (SPF)

Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Geniculate group dorsal thalamus (GENd) / Medial geniculate complex (MG)
Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Simple lobule (SIM)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Vestibular nuclei (VNC) / Medial vestibular nucleus (MV)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Pontine central gray (PCG)

Midbrain (MB) / Midbrain motor related (MBmot) / Pretectal region (PRT) / Nucleus of the posterior commissure (NPC)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Suprageniculate nucleus (SGN)

Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Central lobule (CENT) / Lobule III (CENT3)
Midbrain (MB) / Midbrain motor related (MBmot) / Superior colliculus motor related (SCm)

Hindbrain (HB) / Pons (P) / Pons behavioral state related (P-sat) / Pontine reticular nucleus (PRNr)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Vestibular nuclei (VNC) / Spinal vestibular nucleus (SPIV)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Medial group of the dorsal thalamus (MED) / Submedial nucleus of the thalamus (SMT)
Midbrain (MB) / Midbrain motor related (MBmot) / Pretectal region (PRT) / Anterior pretectal nucleus (APN)

Midbrain (MB) / Midbrain sensory related (MBsen) / Superior colliculus sensory related (SCs)
Midbrain (MB) / Midbrain motor related (MBmot) / Midbrain reticular nucleus (MRN)

Isocortex (Isocortex) / Somatomotor areas (MO) / Secondary motor area (MOs)
Cerebellum (CB) / Cerebellar nuclei (CBN) / Dentate nucleus (DN)

Isocortex (Isocortex) / Somatomotor areas (MO) / Primary motor area (MOp)
Isocortex (Isocortex) / Visual areas (VIS) / posteromedial visual area (VISpm)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Ethmoid nucleus of the thalamus (Eth)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Posterior limiting nucleus of the thalamus (POL)

Hypothalamus (HY) / Hypothalamic lateral zone (LZ) / Zona incerta (ZI)
Isocortex (Isocortex) / Orbital area (ORB) / Orbital area medial part (ORBm)

Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Nucleus of the solitary tract (NTS)
Cerebellum (CB) / Cerebellar nuclei (CBN) / Interposed nucleus (IP)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Medial group of the dorsal thalamus (MED) / Mediodorsal nucleus of thalamus (MD)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Supratrigeminal nucleus (SUT)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Vestibular nuclei (VNC) / Superior vestibular nucleus (SUV)
Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area upper limb (SSp-ul)

Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Spinal nucleus of the trigeminal oral part (SPVO)
Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Septofimbrial nucleus (SF)

Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Pyramus (VIII) (PYR)
Midbrain (MB) / Midbrain motor related (MBmot) / Red nucleus (RN)

Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum ventral region (PALv) / Substantia innominata (SI)
Isocortex (Isocortex) / Auditory areas (AUD) / Primary auditory area (AUDp)

Isocortex (Isocortex) / Orbital area (ORB) / Orbital area ventrolateral part (ORBvl)
Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum medial region (PALm) / Medial septal complex (MSC) / Diagonal band nucleus (NDB)

Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral posterior complex of the thalamus (VP) / Ventral posteromedial nucleus of the thalamus parvicellular part (VPMpc)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Geniculate group dorsal thalamus (GENd) / Dorsal part of the lateral geniculate complex (LGd)

Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Nodulus (X) (NOD)
Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area barrel field (SSp-bfd)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Intralaminar nuclei of the dorsal thalamus (ILM) / Central medial nucleus of the thalamus (CM)
Isocortex (Isocortex) / Infralimbic area (ILA)

Isocortex (Isocortex) / Agranular insular area (AI) / Agranular insular area dorsal part (AId)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Posterior complex of the thalamus (PO)

Isocortex (Isocortex) / Posterior parietal association areas (PTLp) / Anterior area (VISa)
Midbrain (MB) / Midbrain motor related (MBmot) / Pretectal region (PRT) / Nucleus of the optic tract (NOT)

Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Subiculum (SUB)
Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Cochlear nuclei (CN) / Ventral cochlear nucleus (VCO)

Hindbrain (HB) / Pons (P) / Pons sensory related (P-sen) / Parabrachial nucleus (PB)
Cerebellum (CB) / Cerebellar nuclei (CBN) / Vestibulocerebellar nucleus (VeCB)

Midbrain (MB) / Midbrain motor related (MBmot) / Cuneiform nucleus (CUN)
Midbrain (MB) / Midbrain behavioral state related (MBsta) / Pedunculopontine nucleus (PPN)

Isocortex (Isocortex) / Visual areas (VIS) / Primary visual area (VISp)
Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Copula pyramidis (COPY)

Hippocampal formation (HPF) / Hippocampal region (HIP) / Ammon's horn (CA) / Field CA3 (CA3)
Isocortex (Isocortex) / Visual areas (VIS) / Lateral visual area (VISl)

Olfactory areas (OLF) / Piriform-amygdalar area (PAA)
Isocortex (Isocortex) / Retrosplenial area (RSP) / Retrosplenial area lateral agranular part (RSPagl)

Midbrain (MB) / Midbrain sensory related (MBsen) / Inferior colliculus (IC)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Central lobule (CENT) / Lobule II (CENT2)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Vestibular nuclei (VNC) / Lateral vestibular nucleus (LAV)
Cortical subplate (CTXsp) / Basolateral amygdalar nucleus (BLA)

Isocortex (Isocortex) / Anterior cingulate area (ACA) / Anterior cingulate area dorsal part (ACAd)
Isocortex (Isocortex) / Visual areas (VIS) / Posterolateral visual area (VISpl)

Olfactory areas (OLF) / Taenia tecta (TT) / Taenia tecta dorsal part (TTd)
Hindbrain (HB) / Pons (P) / Pons behavioral state related (P-sat) / Superior central nucleus raphe (CS)

Isocortex (Isocortex) / Orbital area (ORB) / Orbital area lateral part (ORBl)
Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area trunk (SSp-tr)

Hippocampal formation (HPF) / Hippocampal region (HIP) / Dentate gyrus (DG)
Midbrain (MB) / Midbrain motor related (MBmot) / Periaqueductal gray (PAG)

Cortical subplate (CTXsp) / Endopiriform nucleus (EP) / Endopiriform nucleus dorsal part (EPd)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Presubiculum (PRE)

Hypothalamus (HY) / Hypothalamic lateral zone (LZ) / Lateral hypothalamic area (LHA)
Olfactory areas (OLF) / Cortical amygdalar area (COA) / Cortical amygdalar area posterior part (COAp)

Cortical subplate (CTXsp) / Basomedial amygdalar nucleus (BMA)
Hindbrain (HB) / Pons (P) / Pons sensory related (P-sen) / Nucleus of the lateral lemniscus (NLL)

Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum dorsal region (PALd) / Globus pallidus external segment (GPe)
Isocortex (Isocortex) / Agranular insular area (AI) / Agranular insular area ventral part (AIv)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Lateral posterior nucleus of the thalamus (LP)
Olfactory areas (OLF) / Main olfactory bulb (MOB)

Cerebral nuclei (CNU) / Striatum (STR) / Striatum-like amygdalar nuclei (sAMY) / Medial amygdalar nucleus (MEA)
Isocortex (Isocortex) / Prelimbic area (PL)

Hippocampal formation (HPF) / Hippocampal region (HIP) / Ammon's horn (CA) / Field CA1 (CA1)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Prosubiculum (ProS)

Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Ansiform lobule (AN) / Crus 1 (ANcr1)
Olfactory areas (OLF) / Piriform area (PIR)

Isocortex (Isocortex) / Anterior cingulate area (ACA) / Anterior cingulate area ventral part (ACAv)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Anterior group of the dorsal thalamus (ATN) / Anteroventral nucleus of thalamus (AV)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Anterior group of the dorsal thalamus (ATN) / Lateral dorsal nucleus of thalamus (LD)

Isocortex (Isocortex) / Visual areas (VIS) / Anteromedial visual area (VISam)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Entorhinal area (ENT) / Entorhinal area medial part dorsal zone (ENTm)

Isocortex (Isocortex) / Retrosplenial area (RSP) / Retrosplenial area dorsal part (RSPd)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Entorhinal area (ENT) / Entorhinal area lateral part (ENTl)

Olfactory areas (OLF) / Anterior olfactory nucleus (AON)
Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Lateral septal nucleus (LS) / Lateral septal nucleus rostral (rostroventral) part (LSr)

movement

Figure S20. Regional participation histogram inmovement cellswith the full anatomical hierarchy listed for each region.
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Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Geniculate group dorsal thalamus (GENd) / Medial geniculate complex (MG)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Magnocellular reticular nucleus (MARN)

Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Pontine central gray (PCG)
Midbrain (MB) / Midbrain motor related (MBmot) / Pretectal region (PRT) / Nucleus of the posterior commissure (NPC)

Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Postsubiculum (POST)
Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Lateral septal nucleus (LS) / Lateral septal nucleus rostral (rostroventral) part (LSr)
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Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum caudal region (PALc) / Bed nuclei of the stria terminalis (BST)

Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Entorhinal area (ENT) / Entorhinal area medial part dorsal zone (ENTm)
Midbrain (MB) / Midbrain motor related (MBmot) / Cuneiform nucleus (CUN)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Anterior group of the dorsal thalamus (ATN) / Anteromedial nucleus (AM)
Cerebral nuclei (CNU) / Striatum (STR) / Striatum ventral region (STRv) / Olfactory tubercle (OT)

Olfactory areas (OLF) / Piriform area (PIR)
Cerebral nuclei (CNU) / Striatum (STR) / Striatum-like amygdalar nuclei (sAMY) / Central amygdalar nucleus (CEA)

Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area lower limb (SSp-ll)
Isocortex (Isocortex) / Somatosensory areas (SS) / Supplemental somatosensory area (SSs)

Cortical subplate (CTXsp) / Basolateral amygdalar nucleus (BLA)
Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area barrel field (SSp-bfd)

Cortical subplate (CTXsp) / Posterior amygdalar nucleus (PA)
Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum medial region (PALm) / Medial septal complex (MSC) / Medial septal nucleus (MS)

Isocortex (Isocortex) / Posterior parietal association areas (PTLp) / Rostrolateral visual area (VISrl)
Midbrain (MB) / Midbrain behavioral state related (MBsta) / Midbrain raphe nuclei (RAmb) / Central linear nucleus raphe (CLI)

Isocortex (Isocortex) / Auditory areas (AUD) / Primary auditory area (AUDp)
Isocortex (Isocortex) / Auditory areas (AUD) / Ventral auditory area (AUDv)

Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral posterior complex of the thalamus (VP) / Ventral posteromedial nucleus of the thalamus parvicellular part (VPMpc)

error

Figure S21. Regional participation histogram in error encoding cellswith the full anatomical hierarchy listed for each region.

49 of 50

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted August 1, 2025. ; https://doi.org/10.1101/2025.07.30.667641doi: bioRxiv preprint 

https://doi.org/10.1101/2025.07.30.667641
http://creativecommons.org/licenses/by-nc/4.0/


0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
normalized regional participation

Cerebral nuclei (CNU) / Striatum (STR) / Striatum-like amygdalar nuclei (sAMY) / Medial amygdalar nucleus (MEA)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Anterior group of the dorsal thalamus (ATN) / Anteromedial nucleus (AM)

Olfactory areas (OLF) / Piriform-amygdalar area (PAA)
Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Lateral septal nucleus (LS) / Lateral septal nucleus rostral (rostroventral) part (LSr)

Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum caudal region (PALc) / Bed nuclei of the stria terminalis (BST)
Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum medial region (PALm) / Medial septal complex (MSC) / Medial septal nucleus (MS)

Cortical subplate (CTXsp) / Endopiriform nucleus (EP) / Endopiriform nucleus dorsal part (EPd)
Isocortex (Isocortex) / Anterior cingulate area (ACA) / Anterior cingulate area ventral part (ACAv)

Isocortex (Isocortex) / Agranular insular area (AI) / Agranular insular area ventral part (AIv)
Cortical subplate (CTXsp) / Basomedial amygdalar nucleus (BMA)

Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum medial region (PALm) / Medial septal complex (MSC) / Diagonal band nucleus (NDB)
Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Lateral septal nucleus (LS) / Lateral septal nucleus ventral part (LSv)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Midline group of the dorsal thalamus (MTN) / Paraventricular nucleus of the thalamus (PVT)
Olfactory areas (OLF) / Main olfactory bulb (MOB)

Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Presubiculum (PRE)
Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area barrel field (SSp-bfd)

Olfactory areas (OLF) / Piriform area (PIR)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Entorhinal area (ENT) / Entorhinal area medial part dorsal zone (ENTm)

Isocortex (Isocortex) / Temporal association areas (TEa)
Isocortex (Isocortex) / Infralimbic area (ILA)

Isocortex (Isocortex) / Visual areas (VIS) / Posterolateral visual area (VISpl)
Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Lateral septal nucleus (LS) / Lateral septal nucleus caudal (caudodorsal) part (LSc)

Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Entorhinal area (ENT) / Entorhinal area lateral part (ENTl)
Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area mouth (SSp-m)

Isocortex (Isocortex) / Visual areas (VIS) / Lateral visual area (VISl)
Olfactory areas (OLF) / Anterior olfactory nucleus (AON)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Anterior group of the dorsal thalamus (ATN) / Anteroventral nucleus of thalamus (AV)
Isocortex (Isocortex) / Orbital area (ORB) / Orbital area medial part (ORBm)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Suprageniculate nucleus (SGN)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Geniculate group dorsal thalamus (GENd) / Dorsal part of the lateral geniculate complex (LGd)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Lateral posterior nucleus of the thalamus (LP)
Cortical subplate (CTXsp) / Posterior amygdalar nucleus (PA)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Medial group of the dorsal thalamus (MED) / Submedial nucleus of the thalamus (SMT)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Anterior group of the dorsal thalamus (ATN) / Lateral dorsal nucleus of thalamus (LD)

Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Subiculum (SUB)
Cortical subplate (CTXsp) / Endopiriform nucleus (EP) / Endopiriform nucleus ventral part (EPv)

Olfactory areas (OLF) / Dorsal peduncular area (DP)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Posterior complex of the thalamus (PO)

Olfactory areas (OLF) / Cortical amygdalar area (COA) / Cortical amygdalar area posterior part (COAp)
Olfactory areas (OLF) / Taenia tecta (TT) / Taenia tecta dorsal part (TTd)

Isocortex (Isocortex) / Visual areas (VIS) / Primary visual area (VISp)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Geniculate group dorsal thalamus (GENd) / Medial geniculate complex (MG)

Isocortex (Isocortex) / Posterior parietal association areas (PTLp) / Anterior area (VISa)
Hippocampal formation (HPF) / Hippocampal region (HIP) / Ammon's horn (CA) / Field CA3 (CA3)

Isocortex (Isocortex) / Gustatory areas (GU)
Isocortex (Isocortex) / Retrosplenial area (RSP) / Retrosplenial area dorsal part (RSPd)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Intralaminar nuclei of the dorsal thalamus (ILM) / Central medial nucleus of the thalamus (CM)
Isocortex (Isocortex) / Retrosplenial area (RSP) / Retrosplenial area lateral agranular part (RSPagl)

Isocortex (Isocortex) / Somatosensory areas (SS) / Supplemental somatosensory area (SSs)
Isocortex (Isocortex) / Posterior parietal association areas (PTLp) / Rostrolateral visual area (VISrl)

Hippocampal formation (HPF) / Hippocampal region (HIP) / Dentate gyrus (DG)
Isocortex (Isocortex) / Frontal pole cerebral cortex (FRP)

Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area trunk (SSp-tr)
Hippocampal formation (HPF) / Hippocampal region (HIP) / Ammon's horn (CA) / Field CA1 (CA1)

Isocortex (Isocortex) / Agranular insular area (AI) / Agranular insular area dorsal part (AId)
Isocortex (Isocortex) / Orbital area (ORB) / Orbital area ventrolateral part (ORBvl)

Isocortex (Isocortex) / Visual areas (VIS) / posteromedial visual area (VISpm)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Medial group of the dorsal thalamus (MED) / Mediodorsal nucleus of thalamus (MD)

Cerebral nuclei (CNU) / Striatum (STR) / Striatum ventral region (STRv) / Nucleus accumbens (ACB)
Isocortex (Isocortex) / Anterior cingulate area (ACA) / Anterior cingulate area dorsal part (ACAd)

Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum medial region (PALm) / Triangular nucleus of septum (TRS)
Isocortex (Isocortex) / Visual areas (VIS) / Anteromedial visual area (VISam)

Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral posterior complex of the thalamus (VP) / Ventral posterolateral nucleus of the thalamus (VPL)
Isocortex (Isocortex) / Auditory areas (AUD) / Ventral auditory area (AUDv)

Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Spinal nucleus of the trigeminal oral part (SPVO)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Epithalamus (EPI) / Lateral habenula (LH)

Cerebral nuclei (CNU) / Striatum (STR) / Lateral septal complex (LSX) / Septofimbrial nucleus (SF)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral posterior complex of the thalamus (VP) / Ventral posteromedial nucleus of the thalamus (VPM)

Midbrain (MB) / Midbrain motor related (MBmot) / Pretectal region (PRT) / Nucleus of the optic tract (NOT)
Cerebral nuclei (CNU) / Striatum (STR) / Striatum-like amygdalar nuclei (sAMY) / Central amygdalar nucleus (CEA)

Isocortex (Isocortex) / Orbital area (ORB) / Orbital area lateral part (ORBl)
Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area upper limb (SSp-ul)

Isocortex (Isocortex) / Retrosplenial area (RSP) / Retrosplenial area ventral part (RSPv)
Cortical subplate (CTXsp) / Basolateral amygdalar nucleus (BLA)

Isocortex (Isocortex) / Prelimbic area (PL)
Isocortex (Isocortex) / Somatosensory areas (SS) / Primary somatosensory area (SSp) / Primary somatosensory area lower limb (SSp-ll)

Isocortex (Isocortex) / Somatomotor areas (MO) / Primary motor area (MOp)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Ethmoid nucleus of the thalamus (Eth)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Perihypoglossal nuclei (PHY) / Nucleus prepositus (PRP)
Hypothalamus (HY) / Hypothalamic lateral zone (LZ) / Zona incerta (ZI)

Hypothalamus (HY) / Hypothalamic lateral zone (LZ) / Lateral hypothalamic area (LHA)
Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum ventral region (PALv) / Substantia innominata (SI)

Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Ansiform lobule (AN) / Crus 1 (ANcr1)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Pyramus (VIII) (PYR)

Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Prosubiculum (ProS)
Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Parasubiculum (PAR)

Hippocampal formation (HPF) / Retrohippocampal region (RHP) / Postsubiculum (POST)
Isocortex (Isocortex) / Somatomotor areas (MO) / Secondary motor area (MOs)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Geniculate group ventral thalamus (GENv) / Ventral part of the lateral geniculate complex (LGv)
Cerebral nuclei (CNU) / Striatum (STR) / Striatum ventral region (STRv) / Olfactory tubercle (OT)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Reticular nucleus of the thalamus (RT)
Cerebral nuclei (CNU) / Striatum (STR) / Striatum dorsal region (STRd) / Caudoputamen (CP)

Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Spinal nucleus of the trigeminal interpolar part (SPVI)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral medial nucleus of the thalamus (VM)

Midbrain (MB) / Midbrain sensory related (MBsen) / Superior colliculus sensory related (SCs)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Vestibular nuclei (VNC) / Lateral vestibular nucleus (LAV)

Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Cochlear nuclei (CN) / Dorsal cochlear nucleus (DCO)
Midbrain (MB) / Midbrain motor related (MBmot) / Pretectal region (PRT) / Anterior pretectal nucleus (APN)

Midbrain (MB) / Midbrain motor related (MBmot) / Periaqueductal gray (PAG)
Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Lateral group of the dorsal thalamus (LAT) / Posterior limiting nucleus of the thalamus (POL)

Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Copula pyramidis (COPY)
Midbrain (MB) / Midbrain sensory related (MBsen) / Inferior colliculus (IC)

Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Culmen (CUL) / Lobules IV-V (CUL4 5)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Posterior triangular thalamic nucleus (PoT)

Hindbrain (HB) / Pons (P) / Pons sensory related (P-sen) / Parabrachial nucleus (PB)
Midbrain (MB) / Midbrain motor related (MBmot) / Cuneiform nucleus (CUN)

Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Ansiform lobule (AN) / Crus 2 (ANcr2)
Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral posterior complex of the thalamus (VP) / Ventral posteromedial nucleus of the thalamus parvicellular part (VPMpc)

Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Ventral group of the dorsal thalamus (VENT) / Ventral anterior-lateral complex of the thalamus (VAL)
Hindbrain (HB) / Pons (P) / Pons sensory related (P-sen) / Nucleus of the lateral lemniscus (NLL)

Thalamus (TH) / Thalamus polymodal association cortex related (DORpm) / Intralaminar nuclei of the dorsal thalamus (ILM) / Parafascicular nucleus (PF)
Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Cochlear nuclei (CN) / Ventral cochlear nucleus (VCO)

Thalamus (TH) / Thalamus sensory-motor cortex related (DORsm) / Subparafascicular nucleus (SPF)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Central lobule (CENT) / Lobule III (CENT3)

Cerebellum (CB) / Cerebellar cortex (CBX) / Hemispheric regions (HEM) / Simple lobule (SIM)
Hindbrain (HB) / Pons (P) / Pons behavioral state related (P-sat) / Superior central nucleus raphe (CS)

Midbrain (MB) / Midbrain motor related (MBmot) / Superior colliculus motor related (SCm)
Midbrain (MB) / Midbrain behavioral state related (MBsta) / Pedunculopontine nucleus (PPN)

Isocortex (Isocortex) / Auditory areas (AUD) / Primary auditory area (AUDp)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Central lobule (CENT) / Lobule II (CENT2)

Cerebellum (CB) / Cerebellar nuclei (CBN) / Dentate nucleus (DN)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Parvicellular reticular nucleus (PARN)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Vestibular nuclei (VNC) / Spinal vestibular nucleus (SPIV)
Midbrain (MB) / Midbrain motor related (MBmot) / Pretectal region (PRT) / Nucleus of the posterior commissure (NPC)

Hindbrain (HB) / Pons (P) / Pons behavioral state related (P-sat) / Pontine reticular nucleus (PRNr)
Midbrain (MB) / Midbrain motor related (MBmot) / Midbrain reticular nucleus (MRN)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Paragigantocellular reticular nucleus (PGRN)
Midbrain (MB) / Midbrain motor related (MBmot) / Red nucleus (RN)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Vestibular nuclei (VNC) / Medial vestibular nucleus (MV)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Pontine central gray (PCG)

Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Supratrigeminal nucleus (SUT)
Cerebellum (CB) / Cerebellar nuclei (CBN) / Vestibulocerebellar nucleus (VeCB)

Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Motor nucleus of trigeminal (V)
Hindbrain (HB) / Medulla (MY) / Medulla sensory related (MY-sen) / Nucleus of the solitary tract (NTS)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Vestibular nuclei (VNC) / Superior vestibular nucleus (SUV)
Cerebellum (CB) / Cerebellar nuclei (CBN) / Interposed nucleus (IP)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Magnocellular reticular nucleus (MARN)
Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Tegmental reticular nucleus (TRN)

Midbrain (MB) / Midbrain behavioral state related (MBsta) / Midbrain raphe nuclei (RAmb) / Central linear nucleus raphe (CLI)
Cerebral nuclei (CNU) / Pallidum (PAL) / Pallidum dorsal region (PALd) / Globus pallidus external segment (GPe)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Intermediate reticular nucleus (IRN)
Cerebellum (CB) / Cerebellar cortex (CBX) / Vermal regions (VERM) / Nodulus (X) (NOD)

Hindbrain (HB) / Pons (P) / Pons motor related (P-mot) / Pontine reticular nucleus caudal part (PRNc)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Medullary reticular nucleus (MDRN)

Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Gigantocellular reticular nucleus (GRN)
Hindbrain (HB) / Medulla (MY) / Medulla motor related (MY-mot) / Infracerebellar nucleus (ICB)

sequence

Figure S22. Regional participation histogram in sequence cellswith the full anatomical hierarchy listed for each region.
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