bioRxiv preprint doi: https://doi.org/10.1101/444943; this version posted October 16, 2018. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Figure 3. Serotonergic input affects different population response components. ai.,
Control condition: Spatial averages across the center of activity in V1 (see black circle in
Figure 2b, 2" frame 2" row, for an example) after visual stimulation (numbered above
traces). aii., Same as ai. with concurrent DRN photostimulation (16 s; 20 Hz; 25 ms pulse
width; on/offset marked as blue rectangle in the background). aiii. Spontaneous component:
Same as aii. during spontaneous activity, i.e., without visual stimulation. Black and red
rectangles sketch time windows used for quantification of spontaneous component
suppression (cf. Figure 5cii.). aiv., Evoked component after subtraction of the spontaneous
component shown in aiii.. bi., Quantification of evoked response amplitudes. Amplitudes
were calculated by subtracting average baseline levels 200 ms before each onset of visual
stimulation (w;) from the mean level during which peak activity was at half maximum (wy,
see inset). Black: Controls; dark blue: Visual responses during concurrent DRN
photostimulation; gray: Visual stimulation and concurrent DRN photostimulation after
subtraction of spontaneous component. Bars matching color of the traces mark time segment
with P =0.016 (blue) and P = 0.008 (gray) after run-length correction test (see Methods). bii.,
Time course of baseline activity (wy). Colors denote same conditions as shown in legend a..
Bars mark additional run-length tested segments for both dark and light blue traces, P = 0.012
(dark blue) and P = 0.011 (light blue). Note the offset between the blue curves, reflecting a
continuous small adaptive decrease in baseline observed under visually evoked conditions
(black and gray traces) regardless of the presence of 5-HT (cf. 3ai. and 3aiv.). All graphs
depict mean values across 8 animals, error bars indicate 2 s.e.m.. **P<0.01, *P<0.05, two-
sided t-test.
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Figure 4. Extracellular recordings across different layers confirm observed suppressive
effects in V1. ai, Control condition: Visually evoked responses without DRN
photostimulation. Data were normalized to peak activity in response to the first visual
stimulus. Time periods of visual stimulation marked with black bars on top. Mean across 6
mice (20 different recordings at cortical depths between 250 and 750 um, each comprising
10-20 trials) aii., Same as ai. with DRN photostimulation (blue background area depicts time
of photostimulation, same as in Figure 3aii.). aiii., DRN photostimulation during spontaneous
activity. aiv., Evoked component after subtraction of the spontaneous component shown in
aiii.. bi., Quantification of evoked response amplitudes. Same calculations as used for Figure
3bi.. Black: Controls; dark blue: Visual responses during concurrent DRN photostimulation;
gray: Visual stimulation and concurrent DRN photostimulation after subtraction of
spontaneous component. bii., Time course of baseline activity. Colors denote stimulation
conditions as shown in bi.. Light blue trace: Time course of spontaneous activity during DRN
photostimulation. All graphs depict mean values, error bars indicate 2 s.e.m.. ***P<0.001,
**P<0.01, *P<0.05, two-sided t-test.
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Figure 5. 5-HT2A and 5-HT1A receptors act synergistically on different components of
suppression in V1. ai.-iv., Same conditions as in Figure 3ai.-iv. with additional blocking of
5-HT2A receptors via microiontophoresis of MDL (purple horizontal bar shows timing of
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MDL administration, 18 s, average across 6 animals). Dashed trace in aiv. repeats control
trace shown in ai.. av. and avi. depict quantification of traces shown in ai.-iv. for amplitude
and spontaneous components, respectively. Amplitude values were calculated in the same
way (see inset in av. for amplitude calculation) as for the experiments without drug
application (cf. Figure 3 bi-ii.). bi.-vi., Same as ai.-avi. using WAY for blocking of 5-HT1A
receptors (green horizontal bar shows the timing of WAY administration, 18 s, average across
4 animals). ci., Summary of amplitude differences to control condition (V). Quantified
amplitude values were averaged over visual responses during the time span photostimulation
was applied (Stim #2 to #7); color scheme as above; inset depicts single experiments. cii.,
Summary of changes in spontaneous activity levels. In each experiment values were averaged
across time windows during photostimulation in which activity levels were significantly
below baseline (onset of window) until reaching values above baseline (offset of window), as
sketched by red rectangles in Figures 3aiii.., 5aiii., and 5biii.. These mean values were
subtracted from average activity in the time window before photostimulation onset (black
rectangles); bar colors match time windows. Inset: Point in time after onset of DRN
photostimulation at which spontaneous activity changed significantly from baseline (320 + 5
ms without blockers, left bar). All graphs depict mean values, error bars indicate 2 s.e.m..
***p<(0.001, **P<0.01, *P<0.05, two-sided t-test.

36


https://doi.org/10.1101/444943

bioRxiv preprint doi: https://doi.org/10.1101/444943; this version posted October 16, 2018. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

al. o i. s i o0 | v o
1o v 1 o s | 1o

~
25% . - 25% \ .

o Vph - Sph i N, Vph-Sph
12% 12%

Vph o % S \
k 1™
o pn o BN
. ‘it\w ™ V \Lm\-\ﬁ w

Sph 12% [
6%
J 2=
0 2 - U e O =]

S

-

-0.5 i . i 0.5 . ; ’ 0.5 i . i 0.5 : . .
0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3
Time (s) Time (s) Time (s) Time (s)
b ci. ii
1 1 L _ae®
08 0.8- I i
P 0.6 0.6 F o0
° 7
é 0.4 0.4 3" |
tg 0.2 02{g
T ool 0 0- c}
] 0.2 0.2 %
06 12 25 50 10 e 00 4%, o, 100
contrast % contrast % contrast %

Figure 6. Subtractive and divisive components provide normalization of visual cortical
responses during photostimulation of 5-HT neurons in the DRN. ai., Control conditions
(V): Time courses of activity (spatial averages across V1) after visual stimulation with
gratings of different contrast (n = 7 mice). Values were scaled to maximum amplitude at
100% contrast. Grating icons identify timing of visual stimulation and corresponding contrast.
Black dashed lines show baseline activity without visual stimulation. aii., Responses to visual
stimulation at variable contrasts and concurrent DRN photostimulation (Vyh); values were
scaled to control traces shown in ai. Light blue trace: Spontaneous component, i.e., response
to DRN photostimulation during spontaneous activity (Spn). aiii., Evoked component, i.e.,
responses after removal of the spontaneous component (light blue trace) during DRN
photostimulation (i.e., Vpa-Sph). aiv., Divisive normalization: Evoked component (gray traces
in aii.) was scaled to maximum amplitude at 100% contrast. b., Amplitude values as a
function of contrast (see main text and legend of Figure 3 for calculation); same color code as
in a. ci., Amplitude values shown in ai.-aiii. fitted to the Naka-Rushton function (see Method)
(R?: 0.84, 0.95 and 0.91 for black, blue and gray, respectively). cii., Values shown in ci. after
two steps of normalization. For reasons of better comparison, black curve in ci. is replotted as
stippled line together with single values. Blue curve depicts divisive normalization without
prior subtraction of the spontaneous component. Gray curve depicts normalized peak maxima
after subtraction of the spontaneous component. Note the close overlap between black
stippled curve and gray stippled curve, indicating two-component (subtractive and divisive)
normalization of contrast responses (R* 0.82, 0.94 and 0.92 for black, blue and gray,

respectively). Blue horizontal bars mark time of DRN photostimulation. All graphs depict

37


https://doi.org/10.1101/444943

bioRxiv preprint doi: https://doi.org/10.1101/444943; this version posted October 16, 2018. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

mean values (n = 7 mice), error bars indicate 2 s.e.m.. ***P<0.001, **P<0.01, *P<0.05, two-

sided t-test.
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