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Figure Legends 794 

Figure 1. Differential claustrum networks project to ACC vs OFC. (A) Scheme for dual-color soma-795 

targeted retrograde labelling of claustrum projection neurons. (B) Example expression of H2B-GFP in 796 
ACC-projecting neurons (ACCp; left); H2B-tdTomato in OFC-projecting neurons (OFCp; middle); and 797 

double-labeled neurons (right; white arrows). (C) Digitized overlap of all neurons from a single coronal 798 

plane (+0.38mm relative to Bregma) over all mice (n=3), and their distribution of expression along the 799 

dorsoventral axis of the claustrum (right). Dark gray indicates double-labeled cells. (D) IHC-amplified 800 

GFP-labelled ACCp (left) or OFCp (right) axonal projections within ACC (top) and OFC (bottom). See 801 

(F) for viral approach. (E) Mean fluorescence intensity in ACCp (n=4 mice) and OFCp (n=3 mice) 802 

projections. (F) Approach for fiber photometry recordings from ACCp (top) vs OFCp (bottom) 803 

claustrum populations. Middle panels depict representative histological expression and optic fiber 804 
placement. Right panels depict spontaneous activity in head-restrained mice. (G) Quantification of 805 

spontaneous calcium event rate, width (at half maximal prominence), amplitude, and overall median 806 

absolute deviation (MAD) of ACCp vs OFCp (n=5 mice in each group) z-scored ΔF/F. (H) Approach 807 

for simultaneous recording from ACCp and OFCp neurons using two-color photometry. (I) 808 

Representative spontaneous photometry traces from an ACCp/OFCp mouse. (J) Correlation between 809 

spontaneous co-activity in ACCp/OFCp mice (n=5). Light gray dot represents the maximal correlation 810 

over 1000 iterations of shuffled data per mouse, averaged across mice. (K) Average cross-correlation 811 

of spontaneous activity in ACCp/OFCp mice (gray, n=5) in comparison to the auto-correlations of 812 

OFCp (purple) and ACCp (turquoise). Unless noted otherwise, data are mean ± s.e.m. *p < 0.05, 813 
**p < 0.01, ***p < 0.001; n.s., not significant. See Supplementary Table 3 for further details of 814 
statistical analyses. 815 

Figure 2. Differential correlation of ACCp vs OFCp activity with trial outcome. (A) Scheme 816 

describing the ENGAGE task. Trial onset was indicated by a 100ms broadband noise. Mice were 817 

rewarded for timely responses following Go cue initiation (‘hit’). Impulse errors were defined as licks 818 

between trial onset to the Go cue, while ‘miss’ trials included trial omissions and late licks. (B) 819 

Distribution of trial parameters. (C) Co-housed cohorts of mice (n=23 mice in 7 cages) were trained in 820 

an automated home-cage system (see Methods), allowing individualized training schemes based on 821 

RFID identification. Success rate transferred from training to subsequent head-fixed recording sessions. 822 

(D) Distribution of impulsive vs miss error rates in the task during head-fixed recording sessions. (E) 823 
Mean hit rate (excluding impulsive errors) as a function of cue intensity during recording (~80,000 total 824 

individual trials). Inset depicts impulse errors, which increased in the presence of the tone cloud. (F-H) 825 

ACCp claustrum dynamics during impulsive (F, n=12,471), hit (G, n=26,243) and miss (H, n=23,430) 826 

trials aligned to trial onset (F-G) or cue presentation (H). Top: Single trial examples. Red and green 827 

lines indicate impulsive or correct licks, respectively. Heatmaps: all ACCp trials from n=20 mice, sorted 828 

by lick onset (impulsive); the delay from trial onset to cue (hits); or cue intensity (miss). Ticks indicate 829 

the first impulsive or correct lick within the trial, respectively. Bottom: mean activity traces in impulsive 830 

(left) hit (middle) and miss trials (right, separated by cue intensity). (I) Quantification of the contribution 831 
of behavioral events to claustrum photometry signal (n=20 ACCp channels, n=10 OFCp channels) using 832 

a linear encoding model (see Methods and supplementary table T2). CvR2: cross-validated explained 833 

variance in a single variable model compared to the full model. ΔR2: unique contribution of a label to 834 

the model measured by net loss in explained variance. (J) Averaged ACCp (left, n=20 channels) and 835 

OFCp (right, n=10 channels) traces around trial onset. (K) Model quantification of the representation 836 

of trial onset. Data is presented as individual mice with bootstrapped distribution of means, and 95% 837 

confidence intervals. (L) Mean activity of all ACCp recordings (n=20) aligned to trial onset, separated 838 

by trial outcome. Inset depicts pre-trial activity. (M) Mean pre-trial activity preceding impulsive (red) 839 

or miss (gray) errors (individual mice with bootstrapped distribution of means and 95% confidence 840 
intervals). (N-Q) Normalized impulsive (N,P) or miss (O,Q) error rate, as a function of pre-trial activity 841 

quantiles for AACp (N,O; n=20) or OFCp (P,Q; n=10) data. Thick line represents linear fit, dotted lines 842 
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represent 95% confidence intervals. Unless noted otherwise, data are mean ± s.e.m. *p < 0.05, 843 

**p < 0.01, ***p < 0.001; n.s., not significant. See Supplementary Table 3 for further details of the 844 
statistical analyses. 845 

Figure 3. Chemogenetic facilitation of ACCp activity diminishes impulsive behavior. (A) 846 

Approach for simultaneous chemogenetic activation and recording of ACCp activity. (B) Example 847 

recordings of spontaneous activity from an ACCp mouse following saline (turquoise) or CNO (gray) 848 

administration. (C) Average spontaneous calcium signal following saline vs CNO (10mg/kg i.p) 849 
administration (n=5 mice). (D) Comparison of impulsive errors in interleaved daily sessions of saline 850 

vs CNO, normalized to the average rate over 3 prior days of saline habituation (n=5 mice). (E) Binned 851 

histograms (vertical lines) and kernel fit (smooth horizontal lines) of the distribution of trial outcome 852 

within saline (left) vs CNO (right) sessions (n=3 sessions/each from 5 mice; 360 trials/session). Unless 853 

noted otherwise, data are mean ± s.e.m. *p < 0.05, **p < 0.01, ***p < 0.001; n.s., not significant. See 854 
Supplementary Table 3 for further details of the statistical analyses. 855 

Figure 4. ACCp activity corresponds to individual differences in behavioral strategies. (A) 856 

Individual mice are plotted according to their modulation indices depicting the dependency of 857 

individual hit rates on cue intensity (cue modulation index), cloud (cloud modulation index), or visual 858 

aid (visual modulation index, represented by the shading of the dots). Mice (n=25) were grouped into 859 

three groups, based on their strategy in the task (‘selective’= cue modulation index>0.5; ‘consistent’= 860 
cloud modulation index<0.04 & ‘erratic’; n=5, 6, 14, respectively). (B) Psychometric curves of 861 

representative mice from each group (dotted frames in A). (C) Impulse error rate in absence or presence 862 

of the tone-cloud, by behavioral group. (D) Distribution of impulsive lick response times. Dotted lines 863 

indicate distribution medians. Inset depicts all trials as a function of the random delay period. (E) 864 

Representation of trial onset in the ACCp signal. Top: Average responses in representative ACCp 865 

signals. Bottom: Model quantification of trial onset response. Individual mice (n=3, 4, 13) and 866 

bootstrapped distribution of means with 95% confidence intervals. (F) Mean activity in ACCp 867 

recordings from erratic mice (n=13) aligned to trial onset, separated by outcome. Inset depicts pre-trial 868 
activity. (G) In erratic mice the ACCp activity preceding impulsive errors is low, while ACCp activity 869 

preceding miss trials is high. Individual mice and bootstrapped distribution of means with 95% 870 

confidence intervals. (H-I) Normalized impulse (H) or miss (I) error rate, as a function of pre-trial 871 

activity of ACCp in erratic mice. Thick line represents linear fit, dotted lines represent 95% confidence 872 

intervals. (J) Cumulative distribution of consecutive miss trials for each behavioral group. Unless noted 873 

otherwise, data are mean ± s.e.m. *p < 0.05, **p < 0.01, ***p < 0.001; n.s., not significant. See 874 
Supplementary Table 3 for further details of the statistical analyses. 875 

Figure 5. Claustral ACCp activity is tied to deeper NREM sleep. (A) Top: Diagram of experimental 876 

setup for recording from a freely behaving mouse in its home-cage under video surveillance, in the 877 

presence of a speaker for tone presentations. Bottom: Simultaneous monitoring of frontal and parietal 878 

EEG, neck EMG, and fiber photometry from ACCp or OFCp claustral neurons. (B) Representative 879 
hypnogram (time-course of sleep/wake states). Each black tick marks a single 4s data epoch. W – wake; 880 

N – NREM; R-REM. (C) Representative traces of frontal (F) and parietal (P) EEG (top), EMG (middle), 881 

and ACCp GCaMP6s (bottom) signals during REM (left), wake (middle), and NREM (right). For ACCp 882 

signal, horizontal gray line represents 0 of the zscored df/f. Black vertical calibration bars in the utmost 883 

right represent 1mV (EEG & EMG) and 1std (GCaMP). Black horizontal calibration bar in the bottom 884 

right corner represents 1s. (D) Representative scatter plot distribution of EMG root mean square (y-885 

axis) versus frontal EEG power distribution (ratio between power in high [> 25Hz] versus low [< 5Hz] 886 

frequencies, x-axis). Each dot marks a single 4s data epoch. Red, wakefulness; Green, REM; Blue, 887 
NREM. Wake is associated with high-frequency EEG activity and high muscle tone, NREM is 888 

associated with low-frequency EEG activity and low muscle tone, and REM is associated with high-889 

frequency activity and low muscle tone. Embedded pie chart (top left) shows average time spent in each 890 

state across the entire data (n=12 mice). (E) Average ACCp claustrum calcium activity in REM, wake, 891 
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and NREM (n=6). (F) Normalized EEG power (% of total power, y-axis) as a function of frequency 892 

(Hz, x-axis) in each state as a function of ACCp claustrum activity (quartiles, n=6). Left, REM (green); 893 

Middle, wake (red); Right, NREM (blue). Insets (top right corner) show SWA-to-theta ratios (y-axis) 894 

for each ACCp activation quartile (x-axis; from minimal to maximal) in each animal separately (n=6). 895 

Mean ratios are depicted as a black line, and individual animals as dashed lines. (G) Representative 896 
traces of EEG (top - frontal and parietal), EMG (middle), and ACCp GCaMP (bottom) in auditory 897 

stimulation trials associated with maintained sleep (left) vs. awakening (right). Purple vertical bars mark 898 

intervals of 1s tone-pip presentation (Methods). Scale bars as in C. (H) ACCp baseline activity (y-axis) 899 

for trials associated with maintained sleep (left) vs. awakening (right). Each dot represents a separate 900 

~10h experiment (11 experiments in n=6 mice). Unless noted otherwise, data are mean ± s.e.m. 901 

*p < 0.05, **p < 0.01, ***p < 0.001; n.s., not significant. See Supplementary Table 3 for further details 902 
of the statistical analyses. 903 

Figure S1. Increased ACCp activity is associated with reduced engagement during behavior and 904 

in sleep. Optimal ‘in the zone’ performance requires a defined, moderate, level of ACCp activity 905 

(Figures 2-4). At low ACCp activity levels, mice tend to perform impulse errors in the response to the 906 
trial onset BBN, rather than withhold their response in anticipation of the ‘go’ cue. At high ACCp 907 

activity levels, mice tend to ‘zone out’ and miss trials. Furthermore, even higher levels of ACCp activity 908 

are associated with ‘miss streaks’, in which the mice do not engage with the task over multiple minutes. 909 

Finally, during sleep, cortical slow-wave EEG is correlated with increased ACCp activity, and the 910 

propensity of mice to awake from NREM sleep following tone stimulations decreases as a function of 911 
ACCp activity (Figure 5). 912 

Figure S2. Anatomical distinction of ACCp and OFCp claustral populations. (A) Differential 913 

localization of claustral ACCp and OFCp networks (labeled by retro-labeling ACC- vs OFC- projecting 914 

cells with cytoplasmic tdTomato vs eGFP expression) in several planes along the anterior-posterior 915 

claustrum axis. Scale bar represents 100μm. (B) Quantification of overlap (percent of all labelled cells) 916 

using nuclear-localized (H2B-fused; top) or cytoplasmically-diffuse (bottom) expression of 917 
fluorophores driven by retro-AAVs co-injected to the same cortical target vs. different cortical regions. 918 

(C) Data overlaid from 7 mice showing spread of ACCp and OFCp neurons (top panels) and their 919 

respective density distributions along the dorso-ventral (DV; middle panels) or medio-lateral (ML; 920 

lower panels) axes of the claustrum. (D) Localization of ACCp neurons in the claustrum core, identified 921 

by parvalbumin (PV) immunostaining, vs relatively sparse distribution of OFCp network signal within 922 

this ‘core’ patch. (E) Quantification of axonal intensity by brain region for ACCp or OFCp neurons 923 

following anti-GFP immunostaining (expanded data from Figure 1E, see methods). Glossary: MO – 924 

Medial orbital cortex; IL – Infralimbic cortex; rVO\LO – ventral orbital cortex, rostral; AO – Anterior 925 
olfactory nucleus; rACC – Anterior cingulate cortex, rostral, cVO/LO – Orbitofrontal cortex , caudal; 926 

M1/2 – Motor cortex; mACC – Anterior cingulate cortex, middle; SS – Somatosensory cortex; STR – 927 

Striatum; cACC – Anterior cingulate cortex, caudal; AMY – amygdala; ENT – entorhinal cortex; AUD 928 

– Auditory cortex; RSP – Retrosplenial cortex; VIS – Visual cortex. Data in Figure 1E shows averaged 929 
axonal density in ACC (r, m, and c), OFC (r and c VO\LO), and sensory cortex (AUD, RSP and VIS). 930 

Figure S3. Performance metrics during automated behavioral training. (A) Overall success rate 931 

during automated training. Points represent performance in the first and last quartiles of each stage. 932 

Black lines represent group averages. Training stages proceed from lick adaptation (cue initiated upon 933 

port entry; 1.5 second reward window; all trials include visual aid - AudVis); Stage 2: addition of delay 934 

prior to cue (random delay of 0.5-2 sec); Stage 3: lengthened delay (0.75-3s) and gradual increase in 935 

difficulty by removal of visual aid in three steps, 30% (Stage 3a), 50% (Stage 3b), and 70% (stage 3c) 936 
trials are purely auditory (Aud). In stage 4 a tone-cloud distractor was added. Stage 4a comprised of 937 

70% auditory-visual trials with the cloud (AudVisCloud). Stage 4b included 50% AudVisCloud trials, 938 

20% auditory cloud trials (AudCloud), 15% Aud trials and 15% AudVis trials. After mice were familiar 939 

with the cloud in both visual and non-visual trials, we proceeded to stage 4c, and increased the rate of 940 
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AudCloud trials to 65%, while the rest of the trials comprised of 15% AudVisCloud, 15% Aud, and 5% 941 

AudVis. Finally, in stage 5, 3 additional attenuations of the target cue were introduced. In stage 5a to 942 

30% of the trials, in stage 5b to 50% of the trials, and in stage 5c to 100% percent of the trials (success 943 

rate in the full task during training is shown in Figure 2C). (B) As in A, for hit rate (excluding impulsive 944 

trials). Right panel summarizes the hit rate in the full task during training compared to the head-fixed 945 
recordings. The increase in missed trials reflects the change from a self-paced task to a constant 20 946 

second inter-trial interval. (C) As in A, B for impulsive errors, which were far less prominent during 947 

head-fixed recordings (potentially reflecting reduced competition for the port compared to the group-948 

housed automated training). (D) Daily reward consumption during training stages. (E) Number of trials 949 

in each stage. Box plots in (D) and (E) represent group median and 1st and 3rd quartiles. Dots represent 950 

individual mice. Unless noted otherwise, data are mean ± s.e.m. *p < 0.05, **p < 0.01, ***p < 0.001; 951 
n.s., not significant. See Supplementary Table 3 for further details of the statistical analyses. 952 

Figure S4. OFCp activity is recruited following licks and cues but not trial onset. Top: All OFCp 953 

trials for impulsive (A, n=5,835), hit (B, n=15,409), and miss (C, n=12,815) trials from n=10 mice, 954 

sorted according to lick onset (impulsive); delay from trial onset to cue (hits); or cue intensity (miss). 955 
Red and green ticks indicate the first impulsive or correct lick within the trial, respectively. Bottom: 956 

mean activity traces in impulsive (left) hit (middle) and miss trials (right, separated by cue intensity). 957 

Shaded area represents SEM. The vertical black line indicates trial onset (for impulsive & hit trials) or 958 
cue (for miss trials). 959 

Figure S5. A linear encoding model for quantification of the claustral representation of task 960 

parameters Time-event kernels (A) are linearly summed to generate a prediction for the average neural 961 

signal (B). See Figure 2 and supplementary table T2 for the full list of labels. (C) Model quantification 962 

of the unique contribution of claustrum activity during spontaneous locomotion events (ACCp n=20; 963 

OFCp n=10). Data is shown as individual channels and bootstrapped distribution of means with 95% 964 

confidence intervals. (D-E) Model quantification of the unique contribution of claustrum activity during 965 

licking events (D) and go-cue stimuli (E) in ACCp and OFCp signals. Unless noted otherwise, data are 966 
mean ± s.e.m. *p < 0.05, **p < 0.01, ***p < 0.001; n.s., not significant. See Supplementary Table 3 for 967 
further details of the statistical analyses. 968 

Figure S6. OFCp pre-trial activity is not correlated with performance. (A) Mean activity of all 969 
OFCp claustrum recordings (n=10) aligned to trial onset, divided by trial outcome. Inset depicts 5 970 

seconds of pre-trial activity. (B) OFCp pre-trial baseline activity in impulsive trials (red) and miss trials 971 

(gray), depicted as individual mice and bootstrapped distribution of means with 95% confidence 972 

intervals (n=10). (C) Response time in hits as a function of ACCp pre-trial activity (n=20). (D) 973 

Response time in ACCp mice (n=20) is uncorrelated with pre-trial activity. Thick line represents linear 974 

fit, dotted lines represent 95% confidence intervals. Unless noted otherwise, data are mean ± s.e.m. 975 

*p < 0.05, **p < 0.01, ***p < 0.001; n.s., not significant. See Supplementary Table 3 for further details 976 
of the statistical analyses. 977 

Figure S7. The effect of ACCp chemogenetic activation is specific, and does not affect transient 978 

responses to task events, while enhancing consecutive misses late in the session. (A) Expression of 979 

GcAMP6s (green) and hM3Dq (red) in ACCp neurons. (B) CNO had no effect on impulsive errors in 980 
GCAMP6s control mice (n=3). (C) Model quantification of the contribution of behavioral events to 981 

claustrum photometry signals in saline (left) or CNO (right) sessions (n=5 mice, 3 sessions of each 982 

condition per mouse). (D) Success rates of ACCp-hM3Dq expressing mice throughout the experiment 983 

were not affected by CNO. (E) Response time in hit trials throughout the experiment were not affected 984 

by CNO. Boxes in (D, E) represent group median and 1st and 3rd quartiles, session order as in Figure 985 

3D. (F) Cumulative probability distribution of consecutive miss trials in saline (turquoise) and CNO 986 

(gray) sessions. Unless noted otherwise, data are mean ± s.e.m. *p < 0.05, **p < 0.01, ***p < 0.001; 987 
n.s., not significant. See Supplementary Table 3 for further details of the statistical analyses. 988 
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Figure S8. Erratic mice exhibit an overall lower success rate, and increased reaction time prior 989 

to miss streaks. (A) Overall success rate in the task by strategy group (n = 5 selective; 6 consistent; 14 990 

erratic). (B) No relation of reaction time in hit trials to strategy group. (C) Mean response time in 991 

impulsive errors (Figure 4E) as a function of the model quantification for trial onset ACCp activity 992 

(Figure 4F). Colors represent strategy group (n = 3 selective; 4 consistent; 13 erratic). Thick line 993 
represents linear fit, dotted lines represent 95% confidence intervals. (D) Response time for erratic 994 

ACCp mice (n=13) is increased in hit trials immediately preceding miss streaks, compared to all hit 995 

trials. Unless noted otherwise, data are mean ± s.e.m. *p < 0.05, **p < 0.01, ***p < 0.001; n.s., not 996 
significant. See Supplementary Table 3 for further details of the statistical analyses. 997 

Figure S9. Claustral inputs from auditory cortex acquire task-dependent correlations with 998 

ACCp. (A) Strategy for simultaneous recording from claustrum ACCp neurons expressing jRGECO1a, 999 

together with activity of claustrum afferents from ACC (ACCi; top) or AUD (AUDi; bottom) axons, 1000 

using axonal-targeted GCaMP6s. (B) Average autocorrelations of ACCi/ACCp or AUDi/ACCp 1001 

spontaneous activity, and respective cross-correlations between channels (n=3 mice in each group). (C) 1002 

Average autocorrelations of ACCp/OFCp (left), ACCi/ACCp (middle) or AUDi/ACCp (right) activity 1003 
during task recordings, as well as cross-correlations between channels (n = 5, 3, 3 mice, respectively). 1004 

(D) Summary of overall correlations between channel activity during free recordings (spontaneous) 1005 

compared to those recorded during the task (n=5, 3, 3 mice for each group), demonstrating an increase 1006 

in correlated activity between AUDi and ACCp networks during the task. Gray dots represent the 1007 

maximal correlation of shuffled data over 1000 iterations per mouse, averaged across mice. (E-G) 1008 

Model quantification of ACC (ACCi) and auditory (AUDi) cortical inputs to the claustrum. (E-F) 1009 

Quantification of the contribution of activity during licking events (E) and go cue stimuli (F) to the 1010 

overall signal. (G) Average trace from all axonal recordings in ACCi (green) vs AUDi (gray), aligned 1011 
to trial onset, depicting trial onset responses in AUDi, and their absence in ACCi activity. (H-K) Pre-1012 

trial activity dynamics. (H) Correlation of average pre-trial activity (5s preceding trial onset) in 1013 

representative co-recorded ACCp/OFCp (left), ACCp/ACCi (middle), or ACCp/AUDi (right) channels. 1014 

Inset depicts cross-correlation in a window spanning 400 trials. Bottom panel depicts the magnitudes 1015 

of pre-trial ACCp activity and corresponding OFCp, ACCi or AUDi activity during individual 1016 

consecutive trials in a representative session. (I) Coefficient of determination (R-squared) of the linear 1017 

fit between pre-trial activity (5s prior to trial onset) in co-recorded channels. (J) Frequency of ultra-1018 

slow oscillations of pre-trial activity in ACCp (n=20), OFCp (n=10), ACCi (n=3) and AUDi (n=3) 1019 

recordings. Oscillation frequency was defined as the peak of the frequency spectrum emerging above a 1020 
threshold obtained from 1000 shuffles of the data (see Methods). (K) Division of pre-trial ultra-slow 1021 

fluctuations in ACCp mice according to strategy (see Figure 4). Arrow points to mice with no 1022 

significant oscillation, all associated with the erratic group. Unless noted otherwise, data are mean ± 1023 

s.e.m. *p < 0.05, **p < 0.01, ***p < 0.001; n.s., not significant. See Supplementary Table 3 for further 1024 
details of the statistical analyses. 1025 

Figure S10. Claustral OFCp activity during sleep. (A) Average OFCp claustrum calcium activity in 1026 

REM sleep, wake, and NREM sleep (n=6). Note that in this population, activity during NREM sleep is 1027 

not higher than in wakefulness. (B) OFCp baseline activity (y-axis) for trials associated with maintained 1028 

sleep (left) vs. awakening (right). Each dot represents a separate ~10h experiment (10 experiments in 1029 

n=6 mice). Unless noted otherwise, data are mean ± s.e.m. *p < 0.05, **p < 0.01, ***p < 0.001; n.s., not 1030 
significant. See Supplementary Table 3 for further details of the statistical analyses. 1031 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted June 19, 2021. ; https://doi.org/10.1101/2021.06.17.448649doi: bioRxiv preprint 

https://doi.org/10.1101/2021.06.17.448649


Supplementary Table T3. Statistical Analysis
Figure Mice, groups, and group sizes Statistical analysis
Figure 1E n = 4 ACCp mice, 3 OFCp mice two-sample ttest (n=3 acc sections per mouse, 2 ofc sections per 

mouse, 3 sensory sections per mouse)
ACC t(19) = 3.8522, p = 0.0011
OFC t(12) = -2.6482, p =0.0212
Sensory areas (AUD, VIS, RSP) t(19) = 4.0728, p =6.4876e-04

Figure 1G n = 5 ACCp mice, 5 OFCp mice two-sample ttest
Frequency t(8) =  2.6869, p = 0.0276
Width (half prominenece) t(8) = -4.0218, p = 0.0038
Amplitude t(8) = -1.6791, p = 0.1317
MAD t(8) =  0.7272, p = 0.84

Figure 1J n = 5 mice Permutation test over maximum of 1000 shuffles of the data
Data vs. maximum over 1000 shuffles P < 0.000001 (0/1000 of data shuffles had equal or greater correlations)

Figure 2C

n = 22 mice (we recorded from two hemispheres of one of the 
mice, which is counted only once for training, and two mice are 
excluded from this presentation, as their training differed - see 
methods)

Paired ttest (training vs rig)

% Success rate (hits / (impulsive+miss+hit)) t(18) = 0.2677 p =  0.7919
Bayes Factor ttest BF01 = 4.34, providing moderate evidence for accepting H0

Figure 2E n = 25 mice Paired ttest (cloud vs no cloud)
% impulsive errors t(24) = 5.5831, p < 0.00001

Figure 2K n = 20 ACCp channels, 10 OFCp channels Wilcoxon rank sum test (ACCp vs OFCp)
Trial onset (BBN) UC ACCp vs OFCp (trials in which Lick time <1s are 
excluded)

med ACC (-0.073), mdian OFC (0.0048), diff( -0.078), Z( -2.3537) p = 
0.0186

ACCp BBN UC permutation test (n = 5000) p < 0.00001 (0/5000 >= 0)
OFCp BBN UC permuation  test( n= 5000) p = 0.99 (4999/5000 >= 0)

Figure 2M n = 20 ACCp channels Permutation test on bootstrapped distribution of pre-trial activity
impulsive error (n = 5000) p = 0.0018 (9/5000 >= 0)
miss (n = 5000) p = 0.111 (555/5000 <= 0)

Figure 2N n = 20 ACCp channels Simple linear regression
impulsive error rate vs pre trial activity p< 0.00001,  Rsq = 0.63

Figure 2O n = 20 ACCp channels Simple linear regression
miss rate vs pre trial activity p= 0.007,  Rsq = 0.23

Figure 2P n = 10 OFCp channels Simple linear regression
impulsive error rate vs pre trial activity p=0.162, Rsq = 0.07

Figure 2Q n = 10 OFCp channels Simple linear regression
miss rate vs pre trial activity p=0.737, Rsq < 0.01

Figure 3C n = 5mice Wilcoxon paired signed rank test (one-tailed)
Averaged DFF saline vs CNO median diff (0.1882), p = 0.0313 Z =  1.5230

Figure 3D n = 5mice
ANOVA on Linear mixed effects model 
(impulse~treatment*repetition + 1|mouse) followed post hoc one 
sided two sample ttests

ANOVA effect of treatment (Saline/CNO) p = 0.0052
ANOVA effect of repetition (1-3) p = 0.0061
ANOVA interaction between treatment and repetition p = 0.302
two sample ttest Saline day 1 vs CNO day 1 t(8) = -3.4356, p = 0.0044
two sample ttest Saline day 2 vs CNO day 2 t(8) = -3.6415, p = 0.0033
two sample ttest Saline day 3  vs CNO day 3 t(8) =-2.5331, p = 0.0175

Figure 4C n = 5,6,14 in each group (selective, consistent, erratic) ANOVA on Linear mixed effects model (FA~cloud*group + (1|
mouse)) followed post hoc Post hoc paired ttest.

ANOVA effect of cloud p=0.288
ANOVA effect of group p=0.473
ANOVA interaction between group and cloud p = 0.00115
paired t-test for erratic group cloud vs no cloud t(13)= 6.18, p = 3.3088e-05

Figure 4D impulsive errors in each group (selective, n=1915, consistent, 
n=3487, erratic, n=10454) Two-sample Kolmogorov-Smirnov test

selective vs consistent p < 0.00001 (D = 0.1275)
selective vs erratic p < 0.00001 (D = 0.3121)
erratic vs consistent p < 0.00001 (D = 0.195)

Figure 4E n = 3, 4, 13 ACCp mice from each group kruskalwallis ANOVA on BBN UC by group followed by post-hoc 
permutation tests on bootstrapped distributions

erratic vs consistent vs selective Chi-sq(2) = 10.46, p =  0.0053
selective UC BBN permutation test (n = 5000) p = 1 (5000/5000 >= 0)
consistent UC BBN permutation test (n = 5000) p = 1 (5000/5000 >=0)
erratic UC BBN permutation test (n = 5000) p < 0.00001 (0/5000 >= 0)

Figure 4G n = 13 ACCp channels Permutation test on bootstrapped distribution of pre-trial activity
impulsive error (n = 5000) p = 0.0048 (24/5000 > =0)
miss (n = 5000) p = 0.0252 (126/5000 < = 0)

Figure 4H n = 13 ACCp channels Simple linear regression
impulsive error rate vs pre trial activity p< 0.00001,  Rsq = 0.62

Figure 4I n = 13 ACCp channels Simple linear regression
miss rate vs pre trial activity p = 0.00016,  Rsq = 0.40

Figure 4J n = 3, 4, 13 ACCp mice from each group Two-sample Kolmogorov-Smirnov test
Distribution of consecutive missed selective vs erratic p < 0.00001 (D = 0.0906)
Distribution of consecutive missed consistent vs erratic p < 0.00001 (D = 0.113)
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Distribution of consecutive missed consistent vs selective p = 0.35 (D =  0.0441)
Figure 5E n = 6 ACCp mice Freidman's test

ACCp activity in REM, wake and NREM sleep chi-square(2) = 9.33, p = 0.0094

Figure 5F n = 6 ACCp mice ANOVA on Linear mixed effects model (ACCp activity~SWA to 
theta ratio by quartile + (1|mouse))

REM p = 5.7935e-06
Wake p = 0.00014038
NREM p = 1.5772e-05

Figure 5H n = 6 ACCp mice Wilcoxon paired signed rank test
baseline before awakening vs. non awakening trials p = 0.032

Supplemental figures
Figure S3 n = 22 mice Wilcoxon paired signed rank test (training vs rig)

B -  Final task vs rig hit rate (hit/hit+miss) t(18) = 8.7878, p < 0.0001
C -  Final task vs rig impulsive error rate (impulse/(hit+impulse+miss)) t(18) = 7.9576, p < 0.0001

Figure S5C n = 20 ACCp channels, 10 OFCp channels Wilcoxon rank sum test (ACCp vs OFCp) and permutation tests on 
bootstrapped distribution of means

Locomotion ACCp vs OFCp med ACC (-0.0662), median OFC (-0.0670), diff(8.1686e-04), p = 
0.4953 Z=0.4822

ACCp locomotion UC permutation test (n = 5000) p < 0.00001 (0/5000 >= 0)
OFCp locomotion UC permutation  test( n= 5000) p < 0.00001 (0/5000 >= 0)

Figure S5D n = 20 ACCp channels, 10 OFCp channels

Linear mixed effects model with licking unique contribution as the 
dependent variable and lick type (rewarded, uncrewarded, 
spontaneous) as an independent variable, with a random effect for 
mouse.

Lick ACCp vs OFCp med ACC (-0.1089), median OFC (-0.1371), diff( 0.0282), p = 0.81 
Wilcoxon rank sum test Z=0.17

ACCp lick type effect ANOVA p = 0.00108 ACC
OFCp lick type effect ANOVA p = 0.0003  OFC

Figure S5E n = 20 ACCp channels, 10 OFCp channels
Linear mixed effects model with cue unique contribution as the 
dependent variable and cue intensity as an independent variable, 
with a random effect for mouse.

Cue ACCp vs OFCp med ACC (-0.0070), median OFC (-0.0015), diff(-0.0055), p = 0.3959 
Wilcoxon rank sum test Z=0.6

ACCp cue intensity effect ANOVA p = 0.19815 ACC
OFCp cue intensity effect ANOVA p = 0.118 OFC

Figure S6B n = 10 OFCp channels Permutation test on bootstrapped distribution of pre-trial activity
impulsive error (n = 5000) p = 0.0648 (324/5000 >= 0)
miss (n = 5000) p = 0.0592 (296/5000 <=0)

Figure S6D n = 20 ACCp channels Simple linear regression
RT in hits  vs pre trial activity p=0.96, Rsq < 0.01

Figure S7B n = 3 mice Paired ttest
Impuslive error rate saline vs CNO T(2)=1.78, p=0.108, one-tailed paired ttest

Figure S7C n = 5 mice Paired ttest

paired ttests over mice for each label (SVM, UC)
SVM p =  0.777 0.437 0.478 0.387 0.315 0.0985 0.344 0.2603 0.4388 
0.386 0.987 0.4317 0.918 0.1453 0.799; UC p = 0.524 0.718 0.9 0.875 
0.524 0.25 0.174 0.262 0.294 0.29 0.295 0.938 0.314 0.197 0.385

Figure S7D n = 5 mice ANOVA on Linear mixed effects model (Success 
rate~treatment*repitition + 1|mouse)

ANOVA effect of treatment p =0.414
ANOVA effect of repetition p = 0.29

Figure S7E n = 5 mice ANOVA on Linear mixed effects model (hit RT~treatment*repitition 
+ 1|mouse)

ANOVA effect of treatment p =0.38
ANOVA effect of repetition p = 0.81

Figure S7F n = 5 mice Two-sample Kolmogorov-Smirnov test
Distribution of consecutive missed saline vs CNO days p = 0.0485 (D =   0.1428)

Figure S8A n = 5,6,14 in each group (selective, consistent, erratic) kruskalwallis ANOVA on %SR between groups followed by post-
hoc two-sample t-tests

Main effect of ANOVA by group Chi-sq(2) = 7.9, p = 0.0192
selective vs consistent t(9) = -1.8981 p = 0.09
selective vs erratic t(17) = 1.3281 p = 0.2017
erratic vs consistent t(18) = 3.1197 p =  0.0059

Figure S8B n = 5,6,14 in each group (selective, consistent, erratic) kruskalwallis ANOVA on RT in hits between groups
Main effect of ANOVA by group Chi-sq(2) = 5.87, p = 0.0532

Figure S8C n = 3,4,13 in each group (ACCp selective, consistent, erratic) Simple linear regression
ACCp BBN UC (absolute value) vs RT in impulsive licks by group p<0.01, R-squared = 0.33

Figure S8D n = 13 ACCp erratic mice Paired ttest
general hit RT vs  hit RT in 5 trials preceding streak t(12) = -7.8350, p =  4.6513e-06

Figure S9D n = 5,3,3 in each group (OFCp/ACCi/AUDi with ACCp) paired ttest free vs task correlation
All correlations were significant vs 1000 data shuffles P < 0.000001 (0/1000 of data shuffles had equal or greater correlations)
OFCp/ACCp t(4) = -0.0972, p = 0.9272, paired ttest free vs task correlations
ACCi/ACCp t(2) = -1.8665, p = 0.203 paired ttest free vs task correlation
AUDi/ACCp t(2) = -5.8835, p = 0.0277 paired ttest free vs task correlation

Figure S9E n = 3 ACCi channels, 3 AUDi channels

Linear mixed effects model with licking unique contribution as the 
dependent variable and lick type (rewarded, unrewarded, 
spontaneous) as an independent variable, with a random effect for 
mouse.

Lick ACCi vs AUDi med ACC (-0.0650), mdian OFC (-0.0864), diff(0.0214), p = 0.86 
Wilcoxon rank sum test Z=0.125

ACCi lick type effect ANOVA ACCi p = 0.0204
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AUDi lick type effect ANOVA AUDi  p= 0.0343

Figure S9F n = 3 ACCi channels, 3 AUDi channels
Linear mixed effects model with cue unique contribution as the 
dependent variable and cue intensity as an independent variable, 
with a random effect for mouse.

Cue ACCi vs AUDi med ACC (-0.1206), mdian OFC ( -0.0038), diff( 0.1168), p = 0.069 
Wilcoxon rank sum test Z = 1.2858

ACCi cue intensity effect ANOVA p = 0.0215 ACCi
AUDi cue intensity effect ANOVA p = 0.0879 AUDi

Figure S9I n = 5,3,3 in each group (OFCp/ACCi/AUDi with ACCp) Simple linear regression
ACCp vs OFCp trial-by-trial baseline activity (5 seconds prior to trial 
onset) p<0.0001, R-squared = 0.03
ACCi vs ACCp trial-by-trial baseline activity (5 seconds prior to trial 
onset) p<0.0001, R-Squared = 0.01
AUDi vs ACCp trial-by-trial baseline activity (5 seconds prior to trial 
onset) p<0.0001, R-squared = 0.7

Figure S9J n = 5,3,3 in each group (OFCp/ACCi/AUDi with ACCp) kruskalwallis ANOVA on Rsq between groups
Main effect of ANOVA by group Chi-sq(2) = 6.81, p = 0.033

Figure S10A n = 6 OFCp mice Freidman's test
OFC activity in REM, wake and NREM sleep chi-square(1) = 9.33, p = 0.0094

Figure S10B n = 6 OFCp mice Wilcoxon paired signed rank test
baseline before awakening vs. non awakening trials p = 0.922
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