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Supplementary Figure Legends 

Supplementary Figure 1.  EEG activity during Pre-Stimulation and Stimulation conditions in 

urethane anesthetized rat.  A, EEG (0.5 - 100 Hz) and fast filtered EEG (20 - 60 Hz) during 4 sec 

periods of each condition in one animal (#ABS100a).  Note the change from irregular slow 

activity (~1.5 Hz) to relatively rhythmic slow activity (~3 Hz) accompanied by an increase in 

fast activity during Stimulation compared to Pre-Stimulation.  B, Power spectra (µV2/Hz of the 

EEG activity during 40 sec periods of Pre-Stimulation (left) and Stimulation (right) from the 

same animal as in A, for low (0 - 20 Hz) and high (20 - 60 Hz) EEG frequencies.  Note the 

decrease in power and upward shift in peak frequency (from 1.7 to 3.3 Hz) in the slow activity 

reflecting a shift from irregular slow (delta-like) activity to rhythmic slow (theta-like) activity 

during Stimulation.  This change in slow activity is accompanied by an increase in the power of 

high beta-gamma activity.  C, Average integrated power of slow EEG and fast EEG during Pre-

Stimulation and Stimulation conditions across all animals (n = 73).  Note the significant decrease 

in slow EEG (t = 9.05, df = 77) and the significant increase in fast, high beta-gamma EEG power 

during Stimulation period (t = -9.19, df = 77) (***p < 0.001, according to paired t tests).  

Whereas the EEG during spontaneous Pre-Stimulation conditions resembles that of slow wave 

sleep, the EEG during Stimulation reflects partial cortical activation in response to 

somatosensory stimulation, despite the lack of any behavioral response, under urethane 

anesthesia. 

 

Supplementary Figure 2.  Electrophysiological properties of neurons.  Shown for a VAChT+ 

unit (#ABS80a, represented in Fig. 2):   A, Average spike duration based upon first and second 

zero crossings (but calculated with an offset from zero corresponding to 10% of the positive peak 

amplitude to avoid variations in zero on the return to resting following the negative deflection).  
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Note that the VAChT+ cell has a relatively long spike duration.  B, EEG from retrosplenial 

cortex (RS Cx) and unit activity during 20 sec of the Stimulation period with average discharge 

rate (# spikes per second) calculated from the full 40 sec period.  Note that the VAChT+ cell has 

a regular tonic discharge of ~3 Hz in association with stimulated cortical activation.  C, The 

instantaneous firing frequency during the full 40 sec Stimulation period (as calculated from the 

mode of the interspike interval histogram, as 1000 ms/modal value).  Note that for the VAChT+ 

cell, the instantaneous firing frequency (3.2 Hz) does not differ from the average discharge rate 

(3.1 Hz), reflecting the tonic, regular discharge of the cell (see also Supplementary Fig. 3).  

 

Supplementary Figure 3.  Auto-correlation and cross-correlation with EEG of unit discharge.  

As shown for a VAChT+ unit (#ABS80a, shown in Fig. 2 and Supplementary Fig. 2):  A, EEG 

(0 – 100 Hz) and Fast filtered EEG (20 – 60 Hz) together with unit activity during 10 sec periods 

of Pre-Stimulation and Stimulation conditions.  Note for this VAChT+ cell, the unit discharges 

minimally and irregularly in single spikes during Pre-Stimulation, and it discharges moderately 

and regularly (~3 Hz) in single spikes during Stimulation.  In neither condition is there any 

apparent relationship to EEG oscillations.  B, Autocorrelation histograms (ACH) of unit activity 

(with arbitrary voltage units for spikes on vertical axes) for the full 40 sec recording periods of 

Pre-Stimulation (left) and Stimulation (right).  Note for the VAChT+ cell, there is minimal 

activity with no evidence of rhythmicity in spiking during the Pre-Stimulation period, whereas 

there is moderate activity with evidence of regularity in the tonic spiking (around 300 ms 

intervals as also seen in the ISI, Supplementary Figure 2C) during Stimulation.  C, Spike-

triggered average (STA) of unit-to-EEG (with mV EEG on vertical axes) for the 40 sec periods 

of Pre-Stimulation (left) and Stimulation (right) conditions for the actual unit spike train (solid 

black line) and randomized spike train (dotted gray line).  Note for this VAChT+ cell, there was 
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no cross-correlation between the unit discharge and EEG activity (as reflected by the relatively 

flat lines for the unit spike train and lack of difference from the shuffled spike train) in either 

Pre-Stimulation or Stimulation period. 

 

Supplementary Figure 4.  Comparison of electrophysiological variables during Somatic 

Stimulation among all Nb+/VAChT+, GAD+ and VAChT-/GAD- neurons.  A, Left graph, 

Average spike duration based upon first zero crossing for VAChT+ (0.55 ± 0.04 ms, mean ± 

SEM, n = 11; median = 0.55 ms), GAD+ (0.42 ± 0.02 ms, n= 29; median = 0.40 ms) and 

VAChT-/GAD- cells (0.45 ± 0.02 ms, n = 33; median = 0.41 ms).  Right graph, Average spike 

duration based upon second zero crossing for VAChT+ (1.80 ± 0.19 ms, mean ± SEM, n = 11; 

median = 1.69 ms), GAD+ (1.22 ± 0.05 ms, n= 29; median = 1.14 ms) and VAChT-/GAD- cells 

(1.28 ± 0.08 ms, n = 33; median = 1.18 ms).  Note that despite a significant difference in means 

across the three cell groups and between the cholinergic and noncholinergic cell groups in spike 

duration (see Table 2 and figure), the values for each cell group are highly variable and overlap 

extensively.  B, Average discharge rate (Hz) during Stimulation for VAChT+ (3.99 ± 1.09 Hz, n 

= 11), GAD+ (6.25 ± 1.47 Hz, n = 29) and VAChT-/GAD- cells (4.48 ± 0.97 Hz, n = 33).  Note 

that there was no significant difference in mean average spike rates across cell types and 

extensive overlap in values across the three groups (see Table 3 and figure).  C, Average 

instantaneous firing frequency for VAChT+ (3.19 ± 0.68 Hz, n = 11), GAD+ (6.25 ± 1.46 Hz, n 

= 28) and VAChT-/GAD- cells (4.27 ± 1.04 Hz, n = 27).  Note that there was no significant 

difference in mean firing frequencies across the three groups and extensive overlap (see Table 3 

and figure).   

In attempting to select units according to the range of values of any one or all three of the 

electrophysiological variables, the probability of selecting a cholinergic cell from all recorded 
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cells was only minimally increased from 15% to 26% and that of selecting a GABAergic cell 

from all cells was increased from 40% to 48%.  Only a small subset of GABAergic and 

noncholinergic/nonGABAergic cells could be distinguished as noncholinergic cells according to 

their high average spike rate (>13 Hz) and firing frequency (>7 Hz).  On the other hand, 

GABAergic cells could not be distinguished from noncholinergic/nonGABAergic cells. 

 

Supplementary Figure 5.  Comparison of electrophysiological variables during Somatic 

Stimulation among Nb+/VAChT+, GAD+ “On” and VAChT-/GAD- “On” cells which 

commonly increased their discharge during stimulation.  A, Left graph, Average spike duration. 

based upon first zero crossing for VAChT+ (0.55  ± 0.04 ms, mean ± SEM, n = 11; median = 

0.55 ms), GAD+ “On” (0.42 ± 0.02 ms, , n= 14; median = 0.43 ms) and VAChT-/GAD- “On” 

cells (0.42 ± 0.02 ms, n = 16; median = 0.41 ms).  Note that despite a significant difference in 

means across the three groups (F = 6.08, df = 2, 38, p < 0.01), the values for each cell group are 

highly variable and overlap extensively. Right graph, based upon second zero crossing for 

VAChT+ (1.71 ± 0.17 ms, mean ± SEM, n = 11; median = 1.69 ms), GAD+ “On” (1.18 ± 0.08 

ms, n = 14; median = 1.19 ms) and VAChT-/GAD- “On” cells (1.20 ± 0.11 ms, n = 16; median = 

1.14 ms).  Note that despite a significant difference in means across the three groups (F = 5.57, 

df = 2, 38, p < 0.01), the values for each cell group are highly variable and overlap extensively.  

B, Average discharge rate during Stimulation for VAChT+ (3.99 ± 1.09 Hz, n = 11), GAD+ 

“On” (7.31 ± 1.43 Hz, n = 14) and VAChT-/GAD- “On” cells (6.42 ± 1.88 Hz, n = 15).  Note 

that there was no significant difference in mean average spike rates across cell types (F = 1.06, df 

= 2, 38, p > 0.05) and extensive overlap in values across the three groups.  C, Average 

instantaneous firing frequency for VAChT+ (3.19 ± 0.68 Hz, n = 11), GAD+ (6.39 ± 1.34 Hz, n 
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= 14) and VAChT-/GAD- cells (5.24 ± 1.78 Hz, n = 15).  Note that there was no significant 

difference in mean firing frequencies across the three groups (F = 1.16, df = 2, 38, p > 0.05) and 

extensive overlap.   

In attempting to select units according to the range of values of any one or all three of the 

electrophysiological variables, the probability of selecting a cholinergic cell from all “On” cells 

was only minimally increased from 28% to 41% and that of selecting a GABAergic cell from all 

“On” cells was increased from 34% to 47%.  Approximately half the cholinergic cells could be 

distinguished from other “On” cells by broad spikes (>1.8 ms).  A small subset of GABAergic 

and noncholinergic/nonGABAergic “On” cells could be distinguished as noncholinergic cells 

according to their high average spike rate (>13 Hz) and firing frequency (>7 Hz).  GABAergic 

cells could not be distinguished from noncholinergic/nonGABAergic cells. 

 

Supplementary Figure 6.  Comparison of electrophysiological variables during Somatic 

Stimulation between GAD+ “Off” and VAChT-/GAD- “Off” cells, which commonly decreased 

or ceased firing in response to stimulation.  A, Left graph, Average spike duration based upon 

first zero crossing for GAD+ “Off” (0.41 ± 0.03 ms, mean ± SEM, n = 11; median = 0.39 ms) 

and VAChT-/GAD- “Off” cells (0.44 ± 0.03 ms, s, n = 12; median = 0.42 ms).  Note that there 

was no significant difference between the means of the cell groups (t = -0.59, df = 21, p >0.05), 

and the values for the two groups overlap extensively. Right graph, average spike duration based 

upon second zero crossing for GAD+ “Off” (1.25 ± 0.12 ms, mean ± SEM, n = 11; median = 

1.09 ms) and VAChT-/GAD- “Off” cells (1.25 ± 0.11 ms, n = 12; median = 1.18 ms).  Note that 

there was no significant difference between the means of the cell groups (t = -0.46, df = 21, p 

>0.05), and the values for the two groups overlap extensively.  B, Average discharge rate (Hz) 
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during Stimulation for GAD+ “Off” (2.14 ± 1.18 Hz, n = 11) and VAChT-/GAD- “Off” cells 

(1.98 ± 0.86 Hz, n = 12).  Note that there was no significant difference in mean average spike 

rate between cell types (t = 0.11, df = 21, p > 0.05) and extensive overlap in values between the 

groups.  C, Average instantaneous firing frequency for GAD+ “Off” (2.99 ± 1.22, Hz, n = 10) 

and VAChT-/GAD- “Off” cells (1.44 ± 0.72 Hz, n = 6).  Note that there was no significant 

difference in mean firing frequencies between the groups (t = 0.92, df = 14, p > 0.05) and 

extensive overlap.   

Given a virtually complete overlap in the distributions of the three variables for the GABAergic 

and noncholinergic/nonGABAergic “Off” cells, no selection criteria could be employed to 

distinguish individual cells.   

 

 

 


