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	Supplementary Figure 1

	Scnn1-tg3-Cre line labels excitatory cortical neurons preferentially in layer 4

	a, Left: Laser scanning confocal image of an scnn1-tg3-Cre mouse injected with AAV9-ef1a-DIO-YFP. Scale bar: 100 μm. Right: histogram of the proportion of labeled cells observed vs. cortical depth. b, Top: Example image from L4 of an scnn1-tg3-Cre;Rosa-LSL-tdtomato; GAD67-GFP mouse. Bottom: Quantification of the number of cells expressing tdTomato (85%) or GFP (15%). No cells co-expressing GFP and tdTomato were observed. Scale bar: 100 μm. c, Plot of normalized spike rate under light vs. control conditions in L4 RS units for rank- ordered stimulus preference. d, Plot of the proportion of synaptic excitation and synaptic inhibition blocked by application of the glutamatergic antagonists NBQX and CPP (10 μM each, p = 0.00012, n = 14 cells in 14 slices from 5 mice, Wilcoxon signed rank test, z = 3.28). e, Firing rate vs current injection plots of L4 eNpHR3.0-expressing excitatory neurons under control conditions (black) and during illumination of the slice (n = 8 cells in 4 slices from 3 mice). Inset: example trace showing light evoked suppression of action potential firing.
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	Supplementary Figure 2

	Verification of depth estimates of extracellularly recorded units

	a, Example current source density plot computed from a 32-channel laminar probe inserted into S1 during whisker deflection. b, Histogram of the computed error in L4/5 boundary by comparing depth from the micromanipulator reading to the depth indicated by CSD analysis. c, Left: example imaging of a DiI track of a recording electrode inserted into the barrel  cortex. Green: eNpHR-YFP, red: DiI. Right: same but for V1. d, Example images from four layer-specific Cre lines crossed to a Rosa-LSL-tdTomato reporter line used to compute laminar boundaries. e, Average laminar boundaries measured from the layer-specific Cre lines (n = 2 Drd3-Cre mice, n = 3 scnn1a-cre mice, n = 2 Rbp4-Cre mice, n = 1 Ntsr1 mouse, measurements in multiple sections for each mouse).
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	Supplementary Figure 3

	Illumination of the cortex in mice expressing YFP alone shows no effect on the cortical response to sensory stimulation

	a, Left: Raster plot (top) and PSTH (bottom) of an example L5 RS unit during illumination of the cortex. Middle: Population PSTH under control conditions (black) and during illumination (red). Light had no effect on the spatial tuning curve of L5 RS units (p = 0.36, n =33 units from 3 mice, 2-way ANOVA, f(1) = 0.8445). b, As in a) but for L5 FS neurons (p = 0.7, n = 19 units from 3 mice, 2-way ANOVA, f(1) = 0.1108). c, As in a) but for L4 units (p = 0.5, n = 16 units from 3 mice, 2-way ANOVA, f(1) = 0.45). d, Scatter plot of neuronal firing rates of L5 RS units under control and photo-suppression conditions for their preferred tactile stimulus (n = 33 from 3 mice, p = 0.15, paired t-test). e,  As in d) but for the non-contact condition (p = 0.62, paired t-test). f, Scatter plot of the spatial tuning index of L5 RS units under control and illumination conditions (p  = 0.95, paired t-test).
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	Supplementary Figure 4

	Photo-suppression of L4 does not alter whisking behavior

	a, Top: Imaging schematic with a high-speed camera for whisker tracking. Middle: example image and tracked whisker (blue line) from the high-speed imaging stream. Bottom: example traces of whisker movement under control conditions (black) and during photo-suppression of L4. Black dots indicated contacts with the tactile stimulus bar. b, Top: Cumulative distribution plot  of whisk amplitudes (p = 0.71 , n = 422 whisk cycles in 4 mice, 2-way ANOVA, f(1) = 0.14) ; whisker set point (p = 0.56, n = 422 whisk cycles in 4 mice, 2-way ANOVA, f(1) = 0.33),  whisk frequency (p = 0.47, n = 422 whisk cycles in 4 mice, 2-way ANOVA, f(1) = 0.51), and contact rate (p = 0.38, 2-way ANOVA) under control (black) and during L4 photo-suppression (red) (±95% confidence intervals, dotted lines).  All error bars are one standard deviation of the mean.
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	Supplementary Figure 5

	Photo-suppression of L4 preferentially enhances L5 firing for non-optimal stimuli

	a, Scatter plot comparing OMI for the non-preferred stimulus position vs. the preferred stimulus position (mean OMInon-preferred: 0.35±0.04; mean OMIpreferred: 0.02±0.03; p < 10-6, n = 75 units from 9 mice, paired t-test, t(74) = 8.2). b, Scatter plot of raw firing rates of L5 RS units for the least-preferred stimulus position comparing control and L4 photo-suppression conditions (p < 10-6, n = 75 units from 9 mice, paired t-test, t(74) = 7.9). c, As in b) except for the most-preferred stimulus position (p = 0.0006, n = 75 units from 9 mice, paired t-test, t(74) = 3.7). d, Histograms of a mean OMI of L5 RS units between animals tested will all the whiskers intact (‘full pad’, black), and those trimmed to the principal whisker (green). e, As in d) except for L5 FS units. L4 suppression significantly (p = 1.3×10-4, n = 24, f(1) = 15) enhanced L5 RS cells and significantly (p<0.002, n = 12, f(1) = 10) suppressed L5 FS cells during single whisker stimulation (2-way ANOVA).  OMI distributions for L5 RS and L5 FS units were not significantly different between full and single whisker stimulation (p = 0.34 and 0.69, respectively, two-tailed t-test). f, Example spatial tuning curves for three units recorded on adjacent shanks of a multi-shank probes (200 μm spacing), with adjacent shanks in three neighboring barrel columns. g, Cumulative distribution plots of the preferred positions of units recorded on multi-shank laminar probes (p < 10-6, n = 125, Kruskal-wallis). Note the smooth shift in preferred position across the probe shanks.
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	Supplementary Figure 6

	The impact of L4 photo-suppression on FS units across layers

	a, Plot of the average normalized spike rates for FS units across L2/3, L5 and L6 between control and L4 photo-suppression conditions, grouped by ranked stimulus response. b, Histograms of the mean OMI for FS units across these layers across all stimulus conditions. c, Plot of the mean OMI across all stimulus conditions for FS units across all layers during photo-suppression of L4. d, As in c) but for L4 photo-activation (n.d., not done).   e-f As in c) and d) but showing changes in the raw firing rates of FS units across layers.  Firing rates in L2/3 (p = 0.005, n = 50 units from 5 mice, 2-way ANOVA, f(1) = 9.13),  L4 (n = 35 units from 6 mice, p < 10-6, 2-way ANOVA, f(1) = 26.6), and L5 (p < 10-5, n = 53 units from 9 mice, 2-way ANOVA, f(1) = 24) were significantly reduced during L4 photo-suppression.  However, firing rates in L6 were not significantly affected (p = 0.55, n = 25 from 3 mice, 2-way ANOVA, f(1) = 0.36).
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	Supplementary Figure 7

	Separation of FS and RS units

	a, Example waveforms for units categorized as FS (green) or RS (black) based on several waveform parameters. b, Scatter plot of amplitude asymmetry vs. trough to 2nd peak for recorded units. Units were categorized by k-means clustering. FS units: green, RS units: black, grey: excluded units, red: cells recorded in cell-attached mode prior to intracellular recording. c, Histogram of sEPSC decay time constants in identified FS (green) or RS neurons (black) from acute brain slices. Cells were identified by their firing characteristics to current injection in the whole-cell mode. Inset: example average sEPSCs from an FS neuron (green) and an RS neuron (black).  d, As in c) but for neurons recorded using the blind patch technique in vivo. e, Example supra-threshold response of a PV+ neuron recorded with a K+-based internal solution in a brain slice to current injection showing the characteristic non-adapting high frequency firing. f, As in e) but for a blind-patched pFS L5 neuron in vivo. Note that the variance in spike timing likely arises due to fluctuations in the background synaptic conductance in vivo. g, Average estimated series resistance (left), input resistance (center), and membrane time constant (right) for recorded RS and FS L5 cells in vivo (17 cells, 12 mice) and in vitro (in vitro: n = 42 cells in 36 slices from 17 mice). h, Average responses to a -4 mV voltages step in the RS (left) and pFS (center) neurons recorded in vivo. Right: expansion of the average current relaxation in RS and pFS cells after the end of the voltage step.
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	Supplementary Figure 8

	Spatial resolution of DMD-based optogenetic mapping and input maps of L5 FS neurons

	a, Left: schematic of DMD-based setup for photo-stimulation. Right: Example spike probability maps of an example excitatory neuron in L5, L4, and L2/3. b, Spatial resolution of light-evoked spiking in ChR2+ excitatory neurons in the emx1-Cre line. c, Plot of spike probability vs. distance of the photo-stimulation light from the soma of the recorded neuron. d, As in c) but for mean number of action potentials evoked per photo-stimulation trial. e, Scatter plot of the mean excitatory input of recorded L5 FS neurons comparing input from L4 and L5. f, Top: All 31 excitatory input maps of L5 FS neurons ranked ordered according to the ratio of their mean excitatory input from L4 to L5. Maps have been rotated and cropped to show only the region corresponding to the barrel column in which each FS cell was located. White lines correspond to the upper and lower borders of L4. Green and white dots indicate the soma location of the recorded cell. Bottom: Corresponding log value of the ratio of mean charge transfer per unit area of L4 to mean charge transfer per unit area of L5 for each map. g, As in top panel of f), but with each map normalized to its range. h, Left: Average excitatory input map for all L5 FS cells (n = 31 cells in 26 slices from 13 mice), after aligning the barrel of the home column of each recorded cell. Right: As in left panel, but after horizontally aligning maps to the soma of each recorded cell. Scale bar: 200 μm. i, Quantification of the proportion of excitatory charge transfer to L5 FS cells originating from within the home column versus surrounding columns across cortical layers, normalized to total charge transfer in each map.
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	Supplementary Figure 9

	PV interneuron mediated inhibitory input to L5 cells

	a, Average of  normalized inhibitory input maps for all L5 pyramidal cells (n = 16 cells in 9 slices from 4 mice) recorded in PV-Cre;flexed-ChR2 brain slices. Maps are vertically aligned to laminar borders and horizontally aligned to the soma of the recorded cell (blue circles). b, Plot of the mean proportion of inhibitory input onto L5 pyramidal cells from PV neurons in each cortical layer, separated by barrel column. H: home column. ±1: adjacent barrel column. Dark gray: mean proportion of home column inhibitory input; light gray: same, but for the surrounding two columns. c, Top: Average spike probability map for all recorded PV neurons (n = 19 ChR2+ PV cells in total, in 11 slices from 5 mice; n = 4 in L2/3; n = 6 in L4; n = 7 in L5; n=2 in L6) under the photo-stimulation conditions using for mapping inhibitory input to L5 PCs. Bottom: Plot of firing probability versus distance from the soma of the recorded PV neuron. d, As in c) except for mean number of action potentials evoked in PV neurons during each photo-stimulus. e, Top: All 16 individual inhibitory input maps for L5 pyramidal cells. Bottom: four example inhibitory input maps in intracellularly recorded PV neurons (recorded at the reversal potential of the ChR2-photocurrent).
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	Supplementary Figure 10

	Impact of photo-suppression of L2/3 excitatory neurons on L5 FS units

	a, Example image from a Drd3-Cre mouse injected with a DIO-eNpHR3.0-YFP (green) and recorded with a DiI-labeled laminar multi-electrode array. Scale bar: 200 m b, Box and whisker plot of the average percent change in L5 FS unit firing rate when photo-suppressing L4 (in the scnn1-tg3-Cre line) or L2/3 (in the Drd3-Cre line). c, Spatial tuning curve of an example photo-suppressed L2/3 RS unit with (red) and without (black) light. d, Raster plot (top) and PSTH (bottom) of the example unit in c) during photo-suppression of L2/3 during sensory stimulation. e, Plot of the proportion of synaptic excitation and synaptic inhibition blocked by application of the glutamatergic antagonists NBQX and CPP (p = 0.00024, n = 13 cells in 8 slices from 4 mice, Wilcoxon signed rank test, z = 3.16). f, Example traces of light evoked IPSCs recorded in a L5 pyramidal cells in drd3-cre mice injected with flexed-ChR2. Black: control, grey: after application of glutamatergic antagonists, showing near 100% block.
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	Supplementary Figure 11

	Photo-suppression of L4 does not increase burst rate of L5 RS cells

	a, Histogram of the fraction of high frequency spikes (see Methods) for L5 RS units with (red) and without (black) photo-suppression of L4 (p=0.46, n=75 units from 9 mice, Wilcoxon signed rank test). b, Scatter plot of the coefficient of variation of the inter-spike-intervals (ISIs) of L5 RS units with and without photo-suppression of L4 (light vs no light, p=0.22, n=75 units from 9 mice, Wilcoxon signed rank test ). c, Histogram of the change in burst rate of L5 RS units during photo-suppression of L4 (p=0.67, n=75 units from 9 mice, Wilcoxon signed rank test). d, As in d) but for L5 RS units recorded in the visual cortex. e, As in c) but for V1 units. f, As in e) but for photo-suppression of SOM+ inhibitory neurons. g, As in f) but for SOM photo-suppression. In figure panels d), e) and g), burst rate was calculated using a Poisson surprise algorithm53
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