
 

Supplementary Figure 1 

Classification of action potentials of TC and NRT neurons. 

(a) Example of high-pass filtered extracellular recording traces with TC (blue) and NRT (green) neuron action 

potentials recorded during periods of wakefulness (top), ASs (middle) and non-REM sleep (bottom) highlight 

the consistency of action potential sorting across different behavioral states and levels of synchrony. (b) Firing 

rate of all NRT neurons during wakefulness showing the demarcation between wake-active (WA, n=13) and 

wake-quiescent (WQ, n=9) NRT neurons at 10 Hz (dashed black line), as originally indicated by Halassa et al. 



(Cell, 2014). Black lines are mean±SEM. (c) Log of the ratio of wake firing rate to sleep firing rate of NRT 

neurons, with all but one WA neuron having a negative value, confirms the presence of two NRT neuron groups 

with different firing rate during wakefulness. (d) Merged brightfield and TRITC-filtered images showing the 

final position of a silicone probe marked with Vybrant-Dil dye within the VB. Orange outlines indicate a 

portion of the NRT. (e) Burst signature of GAERS TC (blue) and NRT (green, both WA and WQ) neurons 

during non-REM sleep show their characteristic decelerando and accelerando-decelerando patterns, respectively 

(n=139 TC neurons; n=25 NRT neurons). Points are mean and error bars are ±SEM. (f) Temporal dynamics of 

the rate of occurrence of bursts containing Ó 3 action potentials (purple line: mean; shaded areas: ÑSEM) and 

action potential doublets (black) of GAERS TC neurons (n=124) before, during and after ASs. Note the strong 

qualitative similarities between the two firing types. Dashed red lines indicate times of start and end of SWDs 

in the EEG. 



 



Supplementary Figure 2 

SWDs occur in cortical S1 earlier than in VB and other cortical regions of GAERS. 

(a) EEG traces showing the start of a GAERS bilateral SWD in the perioral region of the primary 

somatosensory cortex (S1) before the ventrobasal thalamic nucleus (VB), the primary motor cortex (M1), the 

primary auditory cortex (A1) and the medial prefrontal cortex (mPFC). (b) Left: difference in the start time of 

SWDs between the recorded areas (the start of the SWDs in S1 is taken as time zero). Note the statistically 

significant delay in the start time between S1 (p=8.1x10-17, n=41, two-sided Mann-Whitney U test) and VB, and 

between VB and the other cortical areas (p=4.8x10-5, n=41, two-sided Mann-Whitney U test). Points are mean 

and error bars are ±SEM. Right: lack of any significant difference in the start of SWDs between the right and 

left hemisphere in the brain regions examined (p=0.9, 0.95, 0.89, 0.95 and 0.99, n=41, two-sided Mann-

Whitney U test). Values are mean±SEM. (c) Superimposed cross-correlograms of SWC-spikes show no time-

lag among left and right hemispheres for different brain regions (n= 41 SWDs in 3 GAERS for b and c). 



 



Supplementary Figure 3 

Firing properties of GAERS TC and NRT neurons in different behavioral states. 

(a,b,c) Rate of different firing types (total, bursts, tonic) of GAERS TC (blue, n=139) and NRT (wake-active, 

WA, n=13; wake-quiescent, WQ, n=12) neurons during ASs, wakefulness and non-REM sleep. Left and right 

axes refer to TC and NRT neurons, respectively. Horizontal red lines indicate mean (further data in 

Supplementary Table 1). (d) Autocorrelograms of GAERS TC (blue, n=139) and NRT (green, n=25) neuron 

firing during ASs (left) and wakefulness (right). Lines are mean and shaded areas are ±SEM. 



 

Supplementary Figure 4 

Synchrony of thalamic neuron firing during ASs. 

(a) Cross-correlograms of total firing of 6 simultaneously recorded GAERS TC neurons during interictal 

periods (black plots) and ASs (red plots). (b) Cross-correlograms of total firing of 7 simultaneously recorded 

WA NRT neurons during interictal periods (black plots) and GHB-elicited ASs (red plots) in a Wistar rat 

injected with 100 mg/kg i.p. of g-butyrolactone, a GHB pro-drug (see Venzi et al., CNS Neurosci. Ther., 2015) 

(cf. Supplementary Fig. 7 and Online Methods).  



 

Supplementary Figure 5 

Firing type and rate variation between ASs in GAERS. 

Total (a) and burst (b) firing rate plotted individually for each AS and each TC (blue, n=139) and NRT (green, 

n=25) neuron, ranked on the x-axis from lowest to highest mean firing rate. The high variability for many 

neurons, and the absence of a bimodal distribution within individual neurons, indicate a large graduated range 

of neuronal behaviors during ASs in GAERS. 



 


