
EIIHcWV RI ORcRPRWLRQ LQ aXGLWRU\ cRUWH[ aUH QRW PHGLaWHG b\ WKH VIP QHWZRUN 
 
IU\Qa YaYRUVNa aQG MLcKaHO WHKU 

UQLYHUVLW\ RI OUHJRQ 

 
SXSSOHPHQWaO FLJXUHV 
 
SXSSOHPHQWaO FLJXUH 1. RXQQLQJ RccXUUHG GXULQJ SHULRGV RI KLJK aURXVaO, aV PHaVXUHG b\ SXSLO 
GLaPHWHU.  
 
SXSSOHPHQWaO FLJXUH 2. OIIVHW UHVSRQVHV VKRZHG VLPLOaU PRGXOaWLRQ b\ UXQQLQJ aV RQVHW 
UHVSRQVHV, VXJJHVWLQJ UXQQLQJ KaV JHQHUaO HIIHcWV acURVV PXOWLSOH aVSHcWV RI VRXQG SURcHVVLQJ. 
OIIVHW UHVSRQVHV VKRZHG a PRGHVW bXW VLJQLILcaQW GHcUHaVH GXULQJ UXQQLQJ.  
 
SXSSOHPHQWaO FLJXUH 3. RXQQLQJ LQcUHaVHG UHVSRQVH OaWHQc\, ZKHUHaV VIP acWLYaWLRQ GHcUHaVHG 
UHVSRQVH OaWHQc\. 
 
SXSSOHPHQWaO FLJXUH 4. EIIHcWV RI VIP acWLYaWLRQ RQ SRXQG MI IRU RS aQG NS cHOOV  
MHaQ VRXQG PRGXOaWLRQ LQGH[ GXULQJ OaVHU-RQ aQG OaVHU-RII WULaOV, acURVV cRUWLcaO Oa\HUV (VaPH 
aV FLJXUH 4A), SORWWHG VHSaUaWHO\ IRU RS aQG NS cHOOV.  
 
SXSSOHPHQWaO FLJXUH 5. DLVWaQcH cRUUHOaWLRQ bHWZHHQ UXQQLQJ aQG SRSXOaWLRQ acWLYLW\ cRQILUPV 
WKaW UXQQLQJ VWURQJO\ PRGXOaWHV ILULQJ LQ aXGLWRU\ cRUWH[.  
 
SXSSOHPHQWaO FLJXUH 6. LLQHaULW\ AQaO\VLV ZLWK ILULQJ UaWH. TR YHULI\ WKaW WKH OLQHaU aGGLWLYLW\ ZH 
RbVHUYHG GLG QRW GHSHQG RQ WKH cKRLcH RI UHVSRQVH QRUPaOL]aWLRQ (L.H., RXU XVH RI VRXQG 
PRGXOaWLRQ LQGH[), ZH UHSHaWHG WKH aQaO\VLV RI FLJXUH 5 XVLQJ QRQ-QRUPaOL]HG HYRNHG aQG 
VSRQWaQHRXV ILULQJ UaWHV VHSaUaWHO\.  
  
 



Supplemental Figure 1. Running occurred during periods of high 
arousal, as measured by pupil diameter. Curves show the probabil-
ity distribution of recorded pupil diameters (normalized to the maxi-
mum diameter in each recording session), separately for sitting 
(red) and running (black).
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Supplemental Figure 2. Offset responses showed similar modulation by running as onset responses, suggest-
ing running has general effects across multiple aspects of sound processing. Offset responses showed a modest 
but significant decrease during running. 
A. Offset response firing rate evoked by white noise stimulus (100 ms window following stimulus offset) during 
sitting and running trials (without baseline subtraction). Red filled circle: population mean,  red unfilled circle: 
median. Dashed line is unity. Mean evoked offset responses: running 12.06 ± 0.78 Hz, sitting 12.85 ± 0.78 Hz, 
signed-rank p = 0.0102, N = 206 cells, effect size r = 0.13.
B. Spontaneous firing rate during sitting and running trials. Running increased spontaneous firing rates. Green: 
narrow-spiking neurons, grey: regular-spiking neurons. These data are similar to those in Fig. 2A, but not identi-
cal, because these are the subset of cells with significant offset responses (whereas the cells in Fig. 2A were 
those with significant onset responses).
C. Offset response sound modulation index during sitting trials plotted against sound modulation index during 
running trials. Modulation index was strongly suppressed by running (p = 0.0102, effect size r = 0.13), because 
evoked firing rates were reduced while spontaneous firing rates were increased. 
D. Distributions of offset response sound modulation indices during sitting (solid line) and running (dashed line). 
E. Mean offset response sound modulation indices during sitting and running.
F. Mean and SEM of offset response sound modulation indices across cortical layers in sitting and running condi-
tions (L2/3 sitting = 00.48 ± 0.03, running = 0.27 ± 0.05, n = 12; L4 sitting = 0.43 ± 0.02, running = 0.12 ± 0.03, n 
= 27;  L5 sitting = 0.40 ± 0.01, running = 0.19 ± 0.02, = 62; L6 sitting = 0.53 ± 0.03, running = 0.19 ± 0.05, n = 14;  
X2 (3, 111) = 4.5, p = 0.21)
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Supplemental Figure 3. Running increased response latency, whereas VIP activa-
tion decreased response latency.
A. Response to a white noise onset, averaged across either RS or NS cells, in run-
ning and sitting conditions (laser o! ). Running signi"cantly increased response 
latency in both RS cells (p = 0.014, sign-rank,  latency di!erence: 4.9 ± 1.2  ms, r = 
0.17) and FS cells (p = 0.014, latency di!erence: 9.3 ± 1.7 ms, r = 0.27). 
B. Response to a white noise onset, averaged across either RS or NS cells, in either 
laser-on or laser-o! conditions (during sitting). VIP activation modestly but signi"-
cantly decreased response latency in both RS cells (p = 0.02, sign-rank, latency dif-
ference: -2.4 ± 0.8 ms, r = -0.23) or FS cells ( p = 0.07, latency di!erence: -4.7 ± 1.3 
ms, r = -0.21).



Supplemental Figure 4. E!ects of VIP activation on Sound MI for RS and NS cells 
Mean sound modulation index during laser-on and laser-o! trials, across cortical 
layers (same as Figure 4A), here plotted separately for RS and NS cells. VIP activa-
tion suppressed modulation of neural activity by sound in layer 4 NS cells, but 
not in RS cells or in NS cells other layers. L2/3 N = 10 RS cells, N = 10 NS cells; L4 
N = 28 RS cells, N = 12 NS cells; L5 N = 126 RS cells, N = 52 NS cells; L6 N = 3 RS 
cells, N = 3 NS cells.



Supplemental Figure 5. Distance correlation between running and 
population activity confirms that running strongly modulates firing in 
auditory cortex. We measured the relationship between running speed 
and spontaneous activity during prolonged periods of silence, by 
computing the distance correlation jointly between running speed and 
the firing rates of all simultaneously recorded neurons. To test the 
timescale of this relationship, we binned firing rates into bins ranging 
from 50 ms to 12.8 s. Running speed was significantly correlated with 
population activity across all time bins, with a broad peak at 0.4 s. 
Thus running is correlated with auditory cortical activity at a time scale 
of a few hundred miliseconds. N = 67 simultaneously recorded popula-
tions in 12 mice.
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