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Extended Data Fig. 10: Spatial distribution of individual local glutamatergic presynaptic networks. Layer-by-layer horizontal 

flat projections of individual wS1 glutamatergic presynaptic networks with gaussian kernel Density estimation. We use the 

determinant of the estimated covariance as a measure of presynaptic networks dispersion. Smaller spatial dispersion of 

glutamatergic presynaptic cells in L4, than in L2/3 (P < 0.0001) and L5 (P < 0.0001) for all brains, independently of group (NM 
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and WL, one-sided t-test).. a, NM postsynaptic group. b, WL postsynaptic group. Scale bar, 500 µm.  
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Extended Data Fig. 11: Thalamic (VPM and POm) presynaptic networks. a, VPm and POm presynaptic neurons as fraction 

of long-range presynaptic neurons (NM vs. WL, P < 0.05, Wilcoxon rank-sum test). Black, NM neuron group. Magenta, WL 

neuron group. Thin lines, individual data points. Thick lines, mean. b, Relative proportion of POm vs. VPm neurons (P > 0.05, 

Wilcoxon rank-sum test).  
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Extended Data Fig. 12: Brain-wide spatial distribution of presynaptic networks. a, Presynaptic networks of the NM (n = 5801, 

11 networks, black) and WL (n = 8699, 11 networks, magenta) groups superimposed on the Allen Mouse Common Coordinate 

Framework, denoting the high degree of spatial overlap of presynaptic neurons from both groups (P > 0.05 for each long-range 

area analyzed, S2, M1/2, sensory cortices, thalamus, contralateral wS1, PrhCtx, and BF, randomization test on 2-Wasserstein 

distance). b, Three-dimensional distribution of presynaptic neurons within sensory thalamic nuclei, VPm and POm, the main source 

of thalamic inputs to individual wS1 L2/3 PNs. We did not find evidence for a spatial bias in the distribution of presynaptic neurons 

of NM or WL neurons across the sensory thalamus (P > 0.05, randomization test).  
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Extended Data Fig. 13: Neuronal activity and spontaneous movement before and after mystacial pad paralysis. a-f, 

Spontaneous movement parameters, W frequency (a), W duration (b), WL frequency (c), WL duration (d), mean locomotion speed 

(e) and maximum locomotion speed (f) before and after BTX injection in the mystacial pad (P > 0.05 for all panels, Wilcoxon 

signed-rank test, n = 6 FOVs, 2 sessions per FOV, 5 animals). L, locomotion. g, Modulation of WL neurons during spontaneous 

movements (WL), before and after unilateral mystacial pad paralysis induced by BTX injection (P < 0.001, regression). 
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Extended Data Fig. 14: Behavioral effect of light stimulation. a-b, Effect of light presentation on the spontaneous movements 

of control (a) and ArchT-expressing (b) mice. Whisker movements (WM) aligned to the onset of light stimulation. c, WM during 

baseline (0.5 s window prior to light onset). Baseline WM was comparable between the two mouse groups (P < 0.05, Wilcoxson 

rank-sum test). d, Quantification of behavioral changes over the first half (left, 0 - 0.5 s) and second half (right, 0.5 - 1 s) of the 

light pulse relative to baseline. Both groups showed a brief (first half) increase in WM locked to light presentation onset (P < 0.05, 

Wilcoxon signed-rank test WM ratio  1 vs. WM ratio = 1), and this increase was comparable between the groups (P > 0.05, 

Wilcoxon rank-sum test). WM in the second half of the light pulse did not differ from that of baseline (P > 0.05, Wilcoxon signed-

rank test WM ratio  1 vs. WM ratio = 1) and was similar between the groups (P > 0.05, Wilcoxon rank-sum test). 
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Extended Data Fig. 15: Summary of the anatomical presynaptic connectivity rule and its proposed functional implications. 

a, Presynaptic connectivity rule underlying the functional heterogeneity of cortical PNs. NM and WL neurons did not receive 

separate sets of inputs nor completely random or mixed inputs from the distinct wS1-projecting areas. Instead, NM and WL neurons 

had distinct presynaptic networks characterized by a selective fractional decrease in M1/2 inputs and increase in thalamic inputs. 

b, Hypothetical functional significance of distinct long-range inputs to wS1. While thalamic inputs may convey behavioral state-

dependent activity, the M1/2 projection may instead be required for more complex changes in wS1 activity structure, such as 

establishment of new sensorimotor associations or acquisition of skilled movements. 
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