bioRxiv preprint doi: https://doi.org/10.1101/2021.12.28.474360; this version posted December 28, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Supplementary Figure 7 | Characteristics of local and global events. a, Example AF/F traces of GE (top
row) and LE (bottom row) for all ROls in an example tuft (trunk: red; tuft branches: black). b, Data processing
flow for event classification. ¢, Mean AF/F values for all tuft branches versus the mean AF/F value of the
corresponding trunk in the same trial (p = 0.65 for all data points). Top: Colour code according to the trunk-tuft
correlation value across each trial. Bottom: Colour code indicates the event type. d, Correlation between AF/F
traces in apical branches and trunks across imaging planes within and across tufts during learning (42 tufts,
mean + s.e.m).
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Supplementary Figure 8 | Local and global event probabilities in CR and FA trials. a, Overall probability
for GE and LE per trial across learning in CR trials(Shaded areas: s.e.m.). b, GE and LE probability in CR split
by trial window (pre-touch, touch, late-touch and outcome) and trunk class (p= 0.007, 0.025, 0.016 for GE in
sensory tufts in pre-touch window between naive and expert, learning 1 and expert and learning 2, and expert,
respectively; p=0.034 for LE in sensory tufts in late-touch window between naive and learning 1; one-way
ANOVA). ¢, Overall GE and LE probability in FA trials. d, GE and LE probability in FA trials, split by trial window
and trunk class (p = 0.047,0.042 and 0.047 for GE in reward tufts in late touch window between naive and
learning 1, learning 1 and learning 2 and learning 1 and expert; p = 0.031 for GE in reward tufts in outcome
window between naive and expert; one-way ANOVA).
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Supplementary Figure 9 | AUC-based discrimination ability of L5 trunk population. a, Discrimination
power of global dendritic tuft output (GE) was assessed in two windows (window 1: pre-touch, touch and
partially late-touch; window 2: outcome window). b, Pooled AUC-based discrimination power for Hit versus CR
trials for all recorded trunks(Confidence intervals: 95" and 5" percentile of randomly shuffled data). ¢, Pooled
discrimination of Hit versus FA trials. d, Pooled discrimination of FA versus CR trials.
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Supplementary Figure 10 | Influence of optogenetic perturbation on learning. a, Learning curves of
various control experiments with eArchT3.0-, YFP- or GCaMP6f-expressing mice excited by 651-nm or 920-
nm laser light with 2.5, 5.0, 7.5 or >120 mW light intensity(Green line : end of the laser perturbation after 1’800
trials).
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Supplementary Figure 11 | Behavioural variables during optogenetic manipulation. a, Average lick rates
during Hit trials in eYFP-expressing control mice (n = 3; 5 mW laser illumination at 561 nm; 321, 401 and 589
trials in the naive, learning and expert condition) and eArchT3.0-expressing mice (n = 5; 5 mW laser
illumination, 1000 trials per condition) during and after perturbation (end of perturbation= last 200 perturbation
trials, mean + s.e.m). b, Comparison of normalized cumulative distribution of reward-triggering licking onsets
in Hit trials in eArchT3.0- and eYFP-expressing mice. ¢, Average whisking angle in Hit trials in expert mice in
laser on and laser off trials (468 and 428 trials; n = 3 mice).
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