Supplemental Figure S1: Post-hoc Imaging site verification SAT animals (A) Post-hoc labeling of imaging site. For M3, M4, M6, and M7, the imaging site was labeled by drilling through the cranial window. For M8, M18, M21, M34, and M64, the imaging site was labeled with a glass pipette filled with methyl blue dye. Top: imaging site marked on the flattened cortex; Bottom: schematic diagram of labeled imaging site. Scale=500 µm. (B) Schematic diagram of labeled imaging sites of all mice. Each dot represents a mouse.



Supplemental Figure S2: Habituation in the evoked response of Pyr neurons within an imaging session and across imaging days (A) Left: peak responses of an example cell across an imaging session on ACC1. Right: same as left, but for peak responses of the same cell on ACC4. (B) Peak response versus trial number. The slope of the peak response across all trials from a given day, averaged over all cells from one animal (± SEM), was calculated. (C) On average, the slope was modestly negative on the first day of training and became modestly positive by the fourth day, trends that were not significant. Mean ± SEM of the slope shown in the figure. (D) As in (B), but for all cells individually. (E) As in (C), but for all cells individually.



Supplemental Figure S3: Trial-to-trial variability across the same imaging session (A) Heatmaps of stimulus-evoked activity for a Pyr neuron for a single day during the acclimation period. Only stimulus trials shown. Onset of airpuff (500 ms) indicated by dashed red line. The asterisk indicates responsive trials. (B-C) As in A, but for different Pyr neurons from other animals.



Supplemental Figure S4: Displacement in pixel was positively correlated with locomotion (A) Top: Locomotion during an example FOV. Bottom: Pixel shift in the same FOV and the same imaging session as the top panel. Blue lines indicate airpuff onset and offset. Black lines indicate blank trial onset and offset. Airpuff lasted for 0.5 s. Airpuff trials and blank trials were randomly interleaved. The intertrial interval was 20 s. (B) Same as (A), but for another FOV in a different animal. (C) Left: The correlation between the locomotion speed of 0-2 cm/s and the pixel displacement from 20 FOVs across 2 mice. Pearson’s correlation: p<0.0001, Pearson’s R=0.19, R-square=0.037. Middle and right: The same as left, but for locomotion speeds of 2-8cm/s and >8cm/s, respectively. Middle: Pearson’s correlation: p=6.8x10-72, Pearson’s R=0.19, R-square=0.035. Right: Pearson’s correlation: p=1.7x10-8, Pearson’s R=-0.073, R-square=0.0054. 




Supplemental Figure S5: Stimulus-evoked movement did not change significantly during either ACC or SAT (A) example traces of fluorescence intensity fluctuations of four cells simultaneously recorded from the same FOV when airpuff evoked strong movement. Onset of airpuff (500 ms) indicated by dashed grey line. The trial numbers during the daily imaging session are indicated above traces. (B) example traces of fluorescence intensity fluctuations of another four cells when airpuff evoked weak movement. (C) Imaging pixel shift within 1 s after stimulus onset from ACC day 1 to day 6 shows a constant response across the pretraining period. Mean ± SEM of shown in the figure. All trials were analyzed. Grey lines: pixel shift of individual mice. Black line: pixel shift averaged across mice. (D) Changes in locomotion during stimulus trials on ACC4-6, SAT1-2, SAT5-6, and SAT9-10. The grey area indicates the airpuff. n=7 mice. (E) Mean locomotion speed during 1-second time window before airpuff onset. Each line represents an animal. One-way repeated measures ANOVA, p=0.96. (F-G). Same as (E), but for the 1-second time windows during and after airpuff onset. One-way repeated measures ANOVA, p=0.84 and 0.98 respectively.



Supplemental Figure S6: Performance of individual animals during SAT (A) Performance of individual mice learned on SAT1. (B-D). Same as (A), but for mice learned on SAT2, SAT3, and after SAT4, respectively.



Supplemental Figure S7: Stimulation during imaging did not impair animal performance (A) Performance of individual animals within a 4-hour time bin before and after imaging session on SAT1. Mean ± SEM shown in the figure. Paired t-test (p=0.46). (B-C) As in A, but for SAT5 and SAT10. Paired t-test (p=0.20 and 0.36 for SAT5 and SAT10 respectively). 



Supplemental Figure S8: SAT transiently enhanced neural activity in L2/3 Pyr cells: all-trial average. (A) Left: averaged traces of vertical-airpuff-evoked responses across all trials on ACC4-6 (n=9 mice). Middle and right: same as left, but for the averaged traces on SAT1 and SAT5, respectively. Shaded area indicated the timing of airpuff stimulation. Note the difference in peak amplitude versus Figure 4.  (B) Peak airpuff-evoked response across the acclimation and training period, averaged across mice and normalized to ACC4-6 (black; n=9 mice). Mean ± SEM of shown in the figure. Grey lines indicate mean cell response for individual mice. One-way repeated measures ANOVA, p=0.65. One-tailed two-sample t-test: ACC4-6 vs. SAT1, p=0.046.



Supplemental Figure S9: Stimulus-evoked movement was not significantly altered during training (A) Imaging pixel shift of individual animals across 6-day acclimation and 10-day SAT, normalized to ACC4-6. Each line represents an animal. Mean ± SEM of shown in the figure. Data were analyzed across all trials. (B) Pixel shifts of individual animals averaged across ACC1-6 and SAT1-10 (ACC1-6: Mean ± SEM = 0.90±0.13 vs SAT1-10: 1.2±0.27; n=9 mice). Pixel shifts during ACC and SAT were compared using paired t-test, p=0.17. 



Supplemental Figure S10: Airpuff stimulates POm axons in head-fixed animals, outside of the training context (A) Example imaging FOV of POm axons in L1 barrel cortex. (B) Example mask of a POm axon segment. (C) Example trace of a FOV within an imaging session. F (florescence) is reported in arbitrary units. Blue lines indicate airpuff onset and offset. Black lines indicate blank trial onset and offset. Airpuff lasted for 0.5 s. Airpuff trials and blank trials were randomly interleaved. The intertrial interval was 20 s. (D) Calcium trace of stimulus-evoked response in the axonal segment averaged across responsive trials. Mean ± SEM of shown in the figure. The gray shaded area indicates the duration of airpuff. (E) Calcium trace of stimulus-evoked response within the imaging FOVs. Trace averaged across responsive trials and averaged by FOVs. N=6 mice; n=24 FOVs. The gray shaded area indicates the duration of airpuff. (F) Fraction of responsive trials on ACC4, ACC5, and ACC6 (mean (± SEM) fraction: 0.78±0.08, 0.76±0.08, and 0.79±0.04, respectively). Each dot represents an animal.



Supplemental Figure S11: Direction-specific changes in stimulus-evoked activity (A) Left: averaged calcium trace of horizontal-airpuff-evoked response on ACC4-6. Trace averaged across responsive trials and averaged by animals. Mean ± SEM of shown in the figure. The gray shaded area indicates the duration of airpuff. n=5 mice. Middle and right: same as left, but for SAT1 and SAT5, respectively. (B) Mean (± SEM) peak response to the horizontal airpuff across responsive trials during 6-day acclimation and 10-day SAT. Blue shade indicates SAT period. Averaged across mice and normalized to ACC4-6. (C) Mean (± SEM) peak response to the vertical and horizontal stimuli during responsive trials on ACC6, SAT1, SAT5, and SAT10, averaged by animal. (D) Left: correlation between the peak response (ΔF/F0) to the vertical and horizontal airpuffs across responsive trials on SAT1. Each dot represents a cell. Red dot indicates the mean ± SEM to horizontal and vertical stimuli. Black dotted line indicates the unity line. Pearson’s R and p-value are shown in the figure. Right: same as left, but for SAT5. (E) Mean (± SEM) peak response to the vertical and horizontal stimuli during responsive trials on ACC6, SAT1, SAT5, and SAT10, averaged by cell. 



Supplemental Figure S12: Transient enhancement of stimulus-evoked activity for individual L2/3 Pyr cells (A) Heatmap of stimulus-evoked responses for a single cell across ACC6, SAT1, and SAT5. Only stimulus trials are shown. The onset of airpuff (500 ms) indicated by the dashed red line. The asterisk indicates responsive trials. (B-C) Same as (A), but for another two example cells from different animals.
Supplemental Figure S13: Renormalization of evoked-response during prolonged training (A) example FOV with cell masks. Color indicates the difference between the corresponding peak responses during responsive trials for individual cells on SAT1 and SAT5. (B) Cumulative distribution of stimulus-evoked peak response during responsive trials on SAT1 (black curve) and SAT5 (grey curve). (C) Mean peak responses of individual cells during responsive trials on SAT5 (grey dots) ranked from the weakest to the strongest based on the mean responses of the same cells on SAT1 (black dots). Each dot represents the stimulus-evoked response of a cell (N=9 mice; n=240 cells). Dots indicate cells with more than a two-fold increase on the later training day in comparison with the earlier training day. Circles indicate the rest of the cells. (D-F) As in (A-C), but for cell responses on SAT1 vs SAT10. P values of Kolmogorov–Smirnov test and Wilcoxon signed-rank test in figures.



Supplemental Figure S14: Post-hoc Imaging site verification for pseudotrained animals (A) Post-hoc labeling of imaging site. For M10, the imaging site was labeled by drilling through the cranial window. For M19, M20, M29, M33, and M35, the imaging site was labeled with a glass pipette filled with methyl blue dye. Top: imaging site marked on the flattened cortex; Bottom: schematic diagram of labeled imaging site. Scale=500 µm. (B) Schematic diagram of labeled imaging sites of all mice. Each dot represents a mouse.



Supplemental Figure S15: Prolonged pseudotraining (PSE) progressively reduced the stimulus-evoked responses: all-trial average (A) Left: averaged traces of airpuff-evoked responses across all trials on ACC4-6 (n=6 mice). Mean ± SEM shown in the figure. Middle and right: same as left, but for the averaged traces on PSE1 and PSE5, respectively. The gray shaded area indicates the duration of airpuff. (B) Peak airpuff-evoked response across the acclimation and pseudotraining period, averaged across mice and normalized to ACC4-6 (black, mean ± SEM; n=6 mice). Grey lines indicate mean cell response for individual mice. One-way repeated measures ANOVA between ACC4-6 and PSE1-10, p=5.3x10-5



Supplemental Figure S16: Stimulus-evoked responses of individual Pyr neurons progressively decreased during pseudotraining (A) example FOV with cell masks. Color indicates the difference between the corresponding peak responses across responsive trials for individual cells on PSE1 and PSE5. (B) Cumulative distribution of stimulus-evoked peak response across responsive trials on PSE1 (black curve) and PSE5 (grey curve). (C) Mean peak responses of individual cells across responsive trials on PSE5 (grey dots) ranked from the weakest to the strongest based on the mean responses of the same cells on PSE1 (black dots). Each dot represents the stimulus-evoked response of a cell (N=6 mice; n=173 cells). Dots indicate cells with more than a two-fold increase on the later training day in comparison with the earlier training day. Circles indicate the rest of the cells. (D-F) As in (A-C), but for cell responses on PSE1 vs PSE10. P values of Kolmogorov–Smirnov test and Wilcoxon signed-rank test in figures.



Supplemental Figure S17: Stimulus-evoked responses were not correlated with the change in performance during pseudotraining (A) Correlation between the performance of the last 20% of trials and the stimulus-evoked response across responsive trials (normalized to ACC4-6). Colors indicate different pseudotraining days. Each dot represents an animal in one day. Pearson’s correlation: R=-0.14, p=0.33. N=6 mice, n=173 cells. (B) Same as (A), but for 6-day acclimation. Pearson’s correlation: R=0.040, p=0.84.  



Supplemental Figure S18: Direct comparison between SAT and PSE across training days (A) Mean (± SEM) response to airpuff across the acclimation and SAT (blue) versus PSE (red) periods, averaged across mice and normalized to ACC4-6 (SAT: n=9 mice; PSE: n=6 mice). The shaded area indicates the training period. (B) Normalized peak response averaged across animals for SAT (blue) and PSE (red) before and after training onset. Mean ± SEM shown in the figure. A one-tailed two-sample t-test was conducted; p=0.39, 0.17, 0.15, and 0.24 on ACC6, Day1, Day5, and Day10 respectively. (C) Cumulative distribution plots for the peak response of individual neurons on SAT1 (blue) versus PSE1 (red). Two-sample Kolmogorov-Smirnov test, p=0.015; Wilcoxon rank sum test, p=0.0055. (D) Peak latency averaged across animals for SAT (blue) and PSE (red) before and after training onset. Mean ± SEM shown in the figure. 

