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Supplementary Figure 4 

Tuning of isolated dLGN units 

a, Schematic of experimental setup for recording single units from dLGN with and without cortical silencing. 

Recordings and photostimulation were performed as previously described (Ref 17). A small craniotomy was 

performed 2.5 mm posterior of bregma and 2 mm lateral of the midline and a 16-channel linear silicon probe 

(NeuroNexis a1x16-3mm-50- 177) was inserted to a depth of 2,500-3,300 µm. The probe was coated with DiO to 

label the recording site, which was confirmed to be in dLGN by post-mortem histology. To activate ChR2-

expressing PV cells, the skull over the visual cortex was thinned and a blue (455 nm) fiber-coupled LED (1 mm 

diameter, Doric Lenses) positioned 5-10 mm illuminated the visual cortex with a power of 25 mW. Spike sorting of 

single units was performed as previously described (Ref 17). b, Spiking responses of a dLGN unit to drifting 

gratings of various orientations under control (red) and LED-illuminated cortical silencing (blue) conditions. Peri-

stimulus time histogram (PSTH) of spiking is displayed below the raster plots. Gray line, visual stimulus (1.7 s). 

Blue bar, LED illumination (2.6 s). Note the strong F1 modulated spiking at all orientations. Inset, expansion of the 

grating cycle indicated by the black rectangle. c, Orientation tuning curve of the unit in b under control (red) and 

LED (blue) conditions. The response to each orientation was quantified as the average spike rate during the stimulus 

period. Control and cortical silencing conditions were separately normalized. d, Population tuning curves of dLGN 

single units under control (red) and LED (blue) conditions. Left, Population tuning curves in which control and LED 

tuning curves for each cell were equally shifted so that the preferred direction under control conditions occurred at 0 

degrees. Right, Population tuning curves in which control and LED tuning curves for each cell were equally shifted 

so that the preferred direction under cortical silencing conditions occurred at 0 degrees. e, Orientation selectivity 

index of the average spike rate (OSI) under control conditions plotted against OSI under LED conditions (control 

OSI = 0.082 ± 0.02; LED OSI = 0.067 ± 0.01, not significantly different, p = 0.31). f, Same as e for direction 

selectivity index (control DSI = 0.33 ± 0.04; LED DSI = 0.27 ± 0.05, not significantly different, p = 0.12). g, Same 

as e for the average response magnitude across all directions (control response = 2.9 ± 0.4 Hz; LED response = 3.6 ± 

0.6 Hz; not significantly different, p = 0.2). h-i, Same as e-f for F1 amplitude (control F1 OSI = 0.11 ± 0.024; LED 

F1 OSI = 0.11 ± 0.021; control F1 DSI = 0.42 ± 0.06; LED F1 DSI = 0.32 ± 0.06). F1 amplitude was determined by 

fitting the cycle average of the PSTH to a sinusoid at the temporal frequency of the grating (2 Hz). j, F1 OSI plotted 

against OSI of average spike rate during cortical silencing (LED on). Data in d-j are from 11 units from 3 mice. 

Error bars, mean ± s.e.m. 
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Supplementary Figure 5 

Additional measures of orientation tuning 

a, Schematic showing how depth of modulation by orientation (Mod) was calculated. For each tuning curve, the 

responses to opposite directions were averaged together and the tuning curve was circularly shifted so that the 

orientation producing maximum response was centered at 0 degrees. The tuning curves were then normalized to the 

maximum response (Max). The minimum values of the tuning curve on either side of the peak (Min1 and Min2) were 

averaged together (MinAvg) and the depth of modulation was calculated as the difference between Max and MinAvg. 

In most cases, Min1 =  Min2 = MinAvg. Mod ranges from 0 to 1. A value of 0 means that the response at the preferred 

orientation is the same as that of weakest orientation, 0.5 means that the response at the preferred orientation is half 

that of the weakest orientation, and 1 means that the response at the weakest orientation is 0. b-f, Mod for each OSI 

scatter plot from the main figures. b, Mod F1Thal = 0.58 ± 0.03, Mod QThal = 0.12 ± 0.01, significantly different p = 

1e-10. c, Mod QTot = 0.19 ± 0.01, Mod QThal = 0.12 ± 0.01, significantly different p = 6e-5. d, Mod QSub = 0.3 ± 

0.02, Mod QThal = 0.12 ± 0.01, significantly different p = 3e-8. e, Mod F1Sub = 0.65 ± 0.02, Mod QSub = 0.3 ± 0.02, 

significantly different p = 7e-16. f, Mod F1Thal = 0.58 ± 0.03, Mod F1Sub = 0.65 ± 0.02, significantly different p = 

0.02. g, Schematic showing how orientation tuning width was calculated. The orientations at which the tuning curve 

reached a value of Mod/2 on either side of the peak of the tuning curve were determined by linear interpolation 

without smoothing. The difference in these two orientations was defined as the tuning width. Because the tuning 

width has little relevance in the case of tuning curves with very little selectivity, we calculated the tuning width only 

for F1Thal and F1Sub, the parameters that exhibited the strongest tuning. h, Tuning width of F1Thal plotted against 

F1Sub. Width of F1Thal = 76 ± 3 degrees, Width of F1Sub = 68 ± 4 degrees, not significantly different p = 0.084; Data 

in b-f and h are from n = 42 cells from 33 mice. 

 


