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ABSTRACT

The organization of sensory maps in the cerebral cortex depends on experience, which drives
homeostatic and long-term synaptic plasticity of cortico-cortical circuits. In the mouse primary
somatosensory cortex (S1) afferents from the higher-order, posterior medial thalamic nucleus (POm)
gate synaptic plasticity in layer (L) 2/3 pyramidal neurons via disinhibition and the production of
dendritic plateau potentials. Here we address whether these thalamocortically mediated responses
play a role in whisker map plasticity in S1. We find that trimming all but two whiskers causes a partial
fusion of the representations of the two spared whiskers, concomitantly with an increase in the
occurrence of POm-driven, N-methyl-D-aspartate receptor (NMDAR)-dependent plateau potentials.
Blocking the plateau potentials restores the archetypical organization of the sensory map. Our results
reveal a novel mechanism for experience-dependent cortical map plasticity in which higher-order
thalamocortically mediated plateau potentials facilitate the fusion of normally segregated cortical

representations.
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Sensory cortices contain functional topographic maps, which can rapidly change in response
to training and altered sensory experience (Harding-Forrester and Feldman, 2018). For example,
whisker trimming in rodents modifies the proportional representation of spared and trimmed whiskers
in the barrel field of the primary sensory cortex (S1) (Feldman, 2009; Feldman and Brecht, 2005; Fox,
2002; Harding-Forrester and Feldman, 2018). This type of cortical map plasticity is thought to be driven
by long-term potentiation (LTP) and depression (LTD) of layer (L)4-to-L2/3 and L2/3-L2/3 cortico-
cortical (CC) synapses (Clem and Barth, 2006; Clem et al., 2008; Feldman, 2009; Finnerty et al., 1999),
as well as by changes in intrinsic neuronal properties and homeostatic mechanisms balancing the loss
of surrounding sensory inputs (Gainey and Feldman, 2017; Li et al., 2014). In addition, whisker
trimming weakens feed-forward inhibition of L2/3 pyramidal neurons (Gambino and Holtmaat, 2012;
House et al., 2011; Jiao et al., 2006), and even may, similarly to monocular deprivation, evoke pruning
of inhibitory synapses (Chen et al., 2011; Keck et al., 2011; van Versendaal et al., 2012). Disinhibition
could also serve a role in homeostasis by increasing whisker-evoked neuronal spiking (Li et al., 2014),

and gate synaptic plasticity (Gambino and Holtmaat, 2012).

Thalamo-cortical (TC) synapses may play a direct or facilitating role in cortical map plasticity.
TC axons have been shown to remain plastic throughout life and to be affected by modifications of
sensory experience (Jamann et al., 2018; Oberlaender et al., 2012; Wimmer et al., 2010a; Yu et al.,
2012). Trimming a subset of whiskers causes a decrease in TC-innervation of deprived but not of spared
barrels (Oberlaender et al., 2012; Wimmer et al., 2010a), and sensory learning may induce plasticity of
a subset of TC synapses (Audette et al. 2019). However, the relative contributions of CC and TC synaptic
plasticity, and how they interact during cortical map plasticity is not known. Moreover, the role of TC
synapses may be intricate since different cortical layers receive inputs from diverse thalamic origins,

each with distinctive properties.

Sensory information from the whiskers is transmitted to S1 by two main and well-segregated
TC projections (Alloway, 2008; Feldmeyer, 2012; Wimmer et al., 2010b). The lemniscal pathway relays
sensory information to L5b, L4, and L3 neurons through the ventral posteromedial (VPM) nucleus of
the thalamus (Feldmeyer, 2012). The paralemniscal pathway provides a complementary and non-
overlapping source of inputs mainly terminating in L5a and L1 that arise from the higher-order
posteromedial (POm) nucleus of the thalamus. While the VPM is viewed as the main hub for whisker
tactile information to S1, the exact function of the POm in this cortical area remains unclear
(Deschénes et al., 2005; Sherman, 2017). Neurons in the POm have broad receptive fields (Diamond
et al., 1992; Veinante and Deschénes, 1999), and their axons have extensive arborizations in S1,
distributed over multiple barrel-related columns (Feldmeyer, 2012; Jones, 2000; Ohno et al., 2012).

POm axons connect to distal pyramidal cell dendrites as well as to various interneurons (Audette et

2


https://doi.org/10.1101/2020.07.13.200923

65

70

75

80

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.13.200923; this version posted July 14, 2020. 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., 2018; Jouhanneau et al., 2014; Mease et al., 2016; Petreanu et al., 2009; Viaene et al., 2011;
Williams and Holtmaat, 2019; Zhang and Bruno, 2019). The large extent of their projections together
with their broad receptive fields suggests that POm neurons provide more generalized information to

S1 as compared to VPM.

POm projections to S1 mediate whisker-evoked NMDAR-dependent plateau potentials and
facilitate whisker-evoked LTP in L2/3 pyramidal neurons (Gambino et al., 2014), which may depend on
a combined excitation and disinhibition (Williams and Holtmaat, 2019). In addition, POm projections
themselves display plasticity during sensory learning (Audette et al., 2018). Altogether, this suggests
that POm projections to S1 could play a distinctive role in the refinement of cortical maps. Here, we
investigate the relationship between cortical remapping and POm-mediated plateau potentials upon
whisker sensory deprivation. We use a paradigm in which all whiskers were trimmed except from a
pair of neighboring ones (dual-whisker experience, DWE). Using intrinsic optical imaging we first
confirm electrophysiology studies which showed that DWE causes the representation of the two
spared whiskers to partly fuse (Armstrong-James et al., 1994; Diamond et al., 1993a, 1994). We then
show that this plasticity is associated with an increase in dendritic plateau potentials, which is
dependent on inputs from the POm. The pharmacological removal of the plateau potentials causes the
fused whisker representations to segregate, back to an organization seen in naive mice. Altogether,
our results reveal a novel mechanism for rapid experience-dependent cortical map plasticity, which
consists of an increased contribution of dendritic plateau potentials that are associated with inputs
from higher-order thalamic neuron. This, in turn, may enhance the level of non-specific sensory input
and facilitate subsequent synaptic plasticity events that have been shown to underlie cortical map

reorganization (Clem et al., 2008; Feldman, 2009; Feldman and Brecht, 2005; Fox, 2002).
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85 RESULTS

Dual-whisker experience reshapes whisker-evoked intrinsic optical signals in S1

Single unit and whole cell recordings have shown that DWE causes the functional
representation of the spared whiskers in S1 to merge (Diamond et al., 1993b, 1994; Armstrong-James
etal., 1994; Feldman, 2009; Feldman and Brecht, 2005; Gambino and Holtmaat, 2012). Intrinsic optical

90  signal (I0S) imaging which is a proxy of whisker-evoked population activity (Grinvald et al., 1986;
Cardoso et al., 2012) can potentially quantify such changes at the mesoscale level in a quasi-
noninvasive manner (Drew and Feldman, 2009; Polley et al., 1999; Schubert et al., 2013). Here, we

used 10S imaging to measure DWE-evoked plasticity of whisker representations in S1.

Mice were separated in two groups. One group was exposed to a brief period of DWE (2-4

95 days) by clipping all whiskers except C1 and C2, while for the control group all whiskers were left intact
to allow full whisker experience (FWE). We used I0S to assess the spatial representation of the C1 and

C2 whiskers in S1 under urethane anesthesia (Figure 1A). For each mouse, 100 ms-long imaging frames

were acquired through the skull before (frames 1-10), during (frames 11-20), and after (frames 21-50)

a 1-s long train (8 Hz) of single whisker deflections (Figure 1A). The whisker-evoked response area and

100  the corresponding center were then computed by a statistical comparison of the averaged baseline
(frames 1-10) and whisker-evoked (frames 19-28) 10S over at least 10 successive trials. This was done

by using a pixel-by-pixel paired t-test as previously described (Schubert et al., 2013). For each whisker,

the resulting t-value map was low-pass filtered with a Gaussian kernel (200 um full width at half
maximum) and thresholded (t-value =-2). Only pixels with a t-value below the threshold were included

105 into the stimulus-evoked response area (Figure 1B). The peak of the response area was given by the
minimum in the t-value distribution. The Euclidian distance between the peaks of the C1 and C2
response areas was used to determine the distance between the two whisker representations
(hereafter termed whisker representation distance [WRD]) as a function of time after deprivation

(Schubert et al., 2013) (Figure 1B-D).

110 We found that the WRD was significantly decreased in DWE mice as compared to control mice
(FWE: 266 % 3.7 um, n=31; DWE: 212 + 4.1 um, n=21; p<0.001) (Figure 1C). This indicates that DWE
narrows the distance between the maximally responding populations of neurons, which is in line with
the observed merging of whisker representations at the level of neuronal spiking (Armstrong-James et
al., 1994; Diamond et al., 1993b, 1994; Drew and Feldman, 2009; Wallace and Sakmann, 2008). We

115 found that increasing the duration of DWE had no further effect on the WRD (Figure 1D), indicating

that the merging had reached a maximum within 2 days and remained stable for at least 4 days.


https://doi.org/10.1101/2020.07.13.200923

120

125

130

135

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.13.200923; this version posted July 14, 2020. 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.

Importantly, it occurred at a time at which no alterations in activity of layer 4 granular neurons have
been observed (Diamond et al., 1993b, 1994), suggesting that the changes in IOS primarily originate in
alterations of neural activity within L2/3 (Diamond et al., 1994; Glazewski and Fox, 1996; Stern et al.,

2001).
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Figure 1 | 10S detects DWE-evoked plasticity of whisker representation in S1. A) Schematic of whisker
trimming and 10S recording. B) Left, low-pass filtered t-value map. Only pixels with a t-value lower
than -2 are included into the responding area (red dotted line). Right, whisker C1 and C2 responding
areas. WRD, Euclidian distance between the peaks of the C1 and C2 response areas. C) Left, cumulative
distribution of whisker representation distance (WRD) in control mice (FWE) and upon DWE. Right,
median (t interquartile range) WRD. Number of recorded mice is indicated below. D) median (x

interquartile range) WRD as a function of deprivation duration (in days).

DWE increases NMDAR-mediated dendritic plateau probabilities and long-latency action potentials

in L2/3 pyramidal neurons

Next, we performed whole-cell recordings of L2/3 pyramidal neurons in vivo in the C2 barrel-
related column while deflecting either the principal (PW, C2) or surrounding (SW, C1) whisker, in FWE
mice or after DWE (Figure 2). In accordance with previous reports (Armstrong-James et al., 1993;
Gambino and Holtmaat, 2012; Petersen et al., 2003; Wilent and Contreras, 2004), single principal

whisker deflections typically evoked compound postsynaptic potentials (PSPs) that contained short
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and long-latency components (Figure 2A, B). The latter might represent dendritic NMDAR-mediated
potentials that spread towards the soma (Gambino et al., 2014; Palmer et al., 2014). Short-latency
140 PSPs were reliably evoked in successive trials, with a peak amplitude that was always higher upon PW
deflections as compared to SW deflections (PW: 9.95 + 0.9 mV, n=33; SW: 6.67 + 0.7 mV, n=31;
p<0.001) (Figure S1). In contrast, long-latency PSPs occurred with variable probabilities (Figure 2B).
We extracted these long-latency PSPs as previously described (Gambino et al., 2014). Briefly, for each
whisker deflection, the relationship between the PSP half-peak amplitude and the average membrane
145 potential between 50 and 100 ms after the onset reveals two distinct clusters of sensory-evoked PSP
(Figure 2B, C). Cluster 1 was defined by an index < 0, which consisted of short latency PSPs that quickly
returned to the resting membrane potential. Cluster 2 was defined by an index > 0 (Figure 2C), which
consisted of compound PSPs containing both short and long-latency components. The long-latency
component of the PSPs in cluster 2 was obtained by subtracting the peak-scaled PSP average of cluster
150 1 from the PSP average of cluster 2 (Figure 2D). It was previously shown that these late components
disappears when NMDAR conductances are blocked, and thus represent dendritic plateau potentials

(Gambino et al., 2014).

We made comparisons between the extracted NMDAR-mediated plateaus elicited by the PW

and the SW in FWE and DWE mice (Figure 2E). In FWE mice, plateau potentials were, in contrast to

155 short-latency PSPs, elicited by both whiskers to a similar extent (PW: 985 + 87 mV*msec, n=33; SW:
951 +108 mV*msec, n=31; p=0.396) and with similar probabilities (PW: 0.47 + 0.04, n=33; SW: 0.51

+0.05, n=31; p=0.305). This suggests that NMDAR-mediated plateau potentials are not whisker-specific
(Gambino et al. 2014). DWE did not affect the plateau-potential integrals (p=0.948) (Figure 2F), nor

the short-latency PSPs (Figure S1). However, DWE did increase the SW/PW ratio of short-latency peak

160  amplitudes, confirming that this paradigm does cause the relative strengthening of SW-associated
inputs (Armstrong-James et al., 1994; Diamond et al., 1993a, 1994; Gambino and Holtmaat, 2012)
(Figure S1). In addition, DWE significantly increased the probability of both the PW and SW-evoked
plateau potentials as compared to controls (FWE, PW: 0.47 + 0.04, n=33; SW: 0.51 £0.05, n=31; DWE,

PW: 0.762 * 0.04, n=20; SW: 0.786 +0.05; n=20; p<0.001) (Figure 2F). In addition, we observed that

165 the NMDAR-mediated plateau potentials occasionally elicited action potentials. These were triggered
with long delays after the whisker stimulus (Figure 2B), which is consistent with the earlier finding that
long-latency spikes in the barrel cortex may depend on NMDARs (Armstrong-James et al., 1993; Salt,

1986). In line with the increased probability of evoked plateau potentials, DWE also increased the
probability of SW-evoked long-latency spikes (Figure 2G). Collectively, these data indicate that DWE

170  concomitantly increases the probability of whisker-evoked NMDAR-mediated plateau potentials and

spikes in L2/3 pyramidal neurons, and merges the cortical representation of the two spared whiskers.
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Figure 2 | DWE increases plateau potential probabilities. A) Schematic of recordings in L2/3 cells in
vivo in the C2 barrel-related column. B) Single-cell examples of principal (C2) whisker-evoked
175 responses (grey, single trials traces; dark, averaged trace). Square pulse lines, C2 whisker deflection
(100 ms). C) For each trial, the relationship between the PSP half-peak amplitude and the average
membrane potential between 50 and 100 ms after the onset reveals two distinct clusters. Dotted line
represents the identity line. D) Cluster 1 is defined by an index < 0 and consists of PSP containing only
a short latency PSP that quickly returns to the resting membrane potential. Cluster 2 is defined by an
180 index > 0 and consists of compound PSP with short and long-latency components. The long-latency
component of the PSP depends on NMDAR (Gambino et al., 2014). For each cell, the NMDAR-plateau
potential (bottom) is derived by subtracting mean cluster 1 response from mean cluster 2 response.
The integral of the plateau potential is measured from 0 to 300 ms (grey box). E) Plateau potential
grand average (all recorded cells averaged) + sem, evoked by the PW (top) and SW (bottom), in control
185 mice (dotted line, FWE) and upon DWE (solide line). Square pulse lines, whisker deflection (100 ms).
F) Median (£ interquartile range) plateau potential integral (left) and probability (right). G) Mean (x
interquartile range) late spike probability (normalized to the spiking probability measured in control
mice upon PW stimulation). For E-G, PW and SW correspond to C2 and C1 whiskers respectively.
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190  Increased NMDAR-mediated plateau potential probabilities depend on paralemniscal synaptic
input
In naive mice, NMDAR-mediated plateau potentials in L2/3 pyramidal neurons depend on
paralemniscal synaptic inputs from the posteromedial nucleus (POm) of the thalamus (Gambino et al.,
2014). Here, we hypothesized that the increase in plateau potentials upon DWE is both NMDAR and
195 POm-dependent. First, we confirmed that the plateau potential probability decreased in the presence
of the NMDAR open-channel blocker MK-801 (1 mM) inside the intracellular solution (iMK801;
DWE/control: 0.762 + 0.04, n=20; DWE/+iMK801: 0.2 * 0.07, n=7; p<0.001) (Figure 3B-D). A local
injection of the GABA-A receptor (GABA-AR) selective agonist muscimol into the POm also reduced the
probability of plateau potentials (Figure 3B-D). This did not occur when the injection was incorrectly
200 targeted within the thalamus (DWE/muscimol in the POm: 0.14 + 0.04, n=6; DWE/muscimol excluded
from the POm: 0.7 £ 0.04, n=6; p<0.001) (Figure 3B-D). Since these pharmacological interventions may
not only affect probabilities but also the magnitude of the plateau potentials, we measured the net
plateau strength under all conditions, which is the product of the integral of the potential and its
probability for any whisker stimulus-evoked response. This significantly decreased when NMDARs or
205 the activity of the POm were blocked (Figure 3E, F; Figure S1), though the integrals of those plateau
potentials that remained were unaffected (Figure S1). Taken together, our data suggest that DWE
facilitates the occurrence of whisker-evoked NMDAR-plateau potentials in L2/3 pyramidal neurons,

gated by input from the POm.

GABA-AR-mediated inhibition in the barrel cortex shunts excitatory conductances in pyramidal

210 distal dendrites and spines (Koch, 1999; Larkum et al., 1999, 2007; Palmer et al., 2012) and impairs
NMDAR-dependent synaptic plasticity (Gambino and Holtmaat, 2012; Williams and Holtmaat, 2019).

Thus, inhibitory inputs may gate whisker-evoked NMDAR-mediated plateau potentials (Palmer et al.,

2012). To test this we added the GABA-AR antagonist picrotoxin to the intracellular recording solution

(iPTX, 1 mM), which has been shown to efficiently suppress whisker-evoked inhibition in pyramidal

215 neurons, probably through the small and local diffusion of the drug in and around the recorded neuron
(Gambino and Holtmaat, 2012; Yazaki-Sugiyama et al., 2009). The GABA-AR block increased the
probability of plateau potentials in FWE mice (FWE/ctrl: 0.46 * 0.04, n=33; FWE/+iPTX: 0.67 % 0.09,

n=6; p=0.03) (Figure 3D; Figure S2). Importantly, the probability increased to a level that was similar

to DWE mice (DWE/ctrl: 0.762 + 0.04, n=20; FWE/+iPTX: 0.67 + 0.09, n=6; p=0.4) (Figure 3D). Similar

220 results were obtained when plateau potential strength was considered (Figure 3E, F), suggesting that
GABA-AR inhibition is involved in the gating of POm-dependent NMDAR-mediated plateau potentials.
Altogether, our results indicate that the DWE-evoked increase in plateau potential probabilities

depends on NMDAR and paralemniscal inputs, possibly facilitated by disinhibition.
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225 Figure 3 | DWE increases the probability of POm-mediated, NMDAR-dependent plateau potentials.
A) Schematic of the thalamo-cortical circuit and pharmacological experiments. Fluorescent muscimol
(0.5 mM) is injected locally in the POm (in POm) or in structures not directly involved in
somatosensation (out POm) for controls. The GABA-A receptor antagonist picrotoxin (iPTX, 1 mM) or
the NMDAR open-channel blocker MK-801 (iMK801, 1 mM) are applied directly to the intracellular
230 recording solution B) Single-cell example of whisker-evoked responses in different conditions. Gray
lines, individual trials; Black lines, averaged traces. Square pulse lines, C2 whisker deflection (100 ms)
C) Mean (+ sem) plateau potential probability after DWE. Circles, individual cells. D) Mean (£ sem)
plateau potentials in FWE and DWE mice under different pharmacological conditions. Square pulse
lines, C2 whisker deflection (100 ms) E) Grand average of PW-evoked plateau potential strength
235 (extracted and averaged from all recorded cells) £ sem in control (FWE) and after DWE, under different
pharmacological conditions. F) Mean (+ sem) plateau potentials strength in control (FWE) and after

DWE, under different pharmacological conditions, normalized to the mean measured in FWE mice
(dashed line).

240
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Relationship between whisker-evoked plateau potentials and functional map reorganization

In FWE mice the PW and SW drove plateau potentials with similar probabilities (Figure 2F)

(Gambino et al. 2014), suggesting that they are whisker non-specific. The plateau potential occurrence
probabilities were enhanced upon DWE (Figure 2F), which increased the spike rates for SW deflections

245 (Figure 2G). Together, this implies that the decrease in WRD as seen in 10S imaging (Figure 1) might
depend on plateau potential-mediated mechanisms. To further explore the relationship between
plateau potentials and the merging of whisker representations, we first measured the average plateau
potential strength for PW and SW over DWE and FWE mice. This shows that DWE significantly
increased the PW but not the SW-evoked plateau strength (PW, FWE: 0.51 + 0.07, n=33; PW, DWE:

250  0.87+0.17, n=20; p=0.047; SW, FWE: 0.56 + 0.09, n=31; SW, DWE: 0.81 + 0.13, n=20; p=0.088) (Figure
4A-D). Then we expressed the strength of PW- and SW-evoked plateau potentials as a function of the
distance between the spared whisker-evoked 10S centers in DWE mice (Figure 4E). We observed that

for each of the two spared whiskers, the level of plateau strength negatively correlated with the WRD

(PW, r?=0.47, p<0.01; SW, r?>=0.75, p<0.001). Compared to FWE mice, both PW and SW deflections

255 induced stronger plateau potentials in DWE mice with the smallest WRD (WRD < A; PW FWE: 0.51 +
0.07, n=33; PW DWE: 1.3 £ 0.3, n=9; p=0.007; SW FWE: 0.56 + 0.09, n=31; SW DWE: 1.07 £ 0.25, n=9;
p=0.033). This indicates that the merging of the spared whisker representations is tightly coupled to

the plateau strength (Figure 4E).

We then measured the WRD for the two spared whiskers upon DWE before and after the

260  topical application of the NMDAR antagonist dAP5 (or saline for control) (Figure 4F). First, we
confirmed that DWE decreased the WRD (FWE: 265.7 + 36 um, n=31; DWE/saline-: 210 = 39 um, n=5;
DWE/dAP5-: 203 * 25 um, n=6) (ctrl vs. DWE/saline-, p=0.019; ctrl vs. DWE/dAP5-, p=0.005) (Figure

4G). Whereas the WRD remained unchanged upon an injection of saline, it significantly increased upon

the pharmacological suppression of the NMDAR conductance (DWE, NMDAR block-: 203 + 25 um, n=6;

265 NMDAR block+: 285 + 17 um, n=6; p=0.031; AWRD: +82 % 29 um; DWE, saline-: 210 = 39 um; saline+:
200 + 28 um, n=5; p=0.398; AWRD: -9 + 10 um) (Figure 4G, H). Importantly, upon blocking NMDARs

the distances between the whisker-evoked I0S areas increased to levels that were observed in FWE

mice (FWE: 265.7 + 36 um, n=31; DWE/ NMDAR block+: 285 + 17 um, n=6) (Figure 4G). Altogether, our

results suggest that the increase in plateau potential strength participates in the DWE-evoked fusion

270  of spared whisker representations in S1 (Figure 4l).
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Figure 4 | Blocking NMDAR-dependent plateau potentials restores the 10S map. A) Schematic of
recordings in L2/3 cells in vivo. PSP are evoked by the principal whisker (C2). B) Left, grand average of
PW-evoked plateau potential strength (extracted and averaged from all recorded cells) + sem in
control (FWE) and after DWE. Right, Median (£ interquartile range) plateau potential strength. C-D)
Same presentation as in (A-B) but for SW-evoked plateau strength. E) Relation between WRD and PW-
(black) and SW-(gray) plateau strength. Circles, individual cells; Squares, averages. Inset, median (+
interquartile range) plateau potential strength, for WRD < A, in control naive mice (white) and after
DWE (black, PW; gray, SW). F) Schematic of experimental protocol. |0S is obtained in DWE mice, before
(NMDAR block-) and after (NMDAR block+) the suppression of NMDAR conductances by applying dAP5
or CPP (or saline for controls). G) Mean (+ sem) WRD in control (FWE) and after DWE, under different
pharmacological conditions. H) AWRD in DWE mice following saline or dAP5 application. Blocking
NMDAR conductance significantly increases the inter-barrel distance, and thus restore the intrinsic
whisker map. 1) NMDAR-dependent, POm-driven plateau potentials participates in the functional
fusion of spared whiskers cortical representations upon DWE.
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290  DISCUSSION

We used a dual whisker experience (DWE) paradigm in mice to investigate mechanisms of
cortical map plasticity in S1. In this paradigm, the trimming of all but two adjacent whiskers causes the
spared whiskers to increase their excitatory drive of neurons in the neighboring spared barrel column
but not in the deprived areas (Armstrong-James et al., 1994; Diamond et al., 1993a, 1994). This

295 plasticity is more modest as compared to a single whisker experience paradigm, in which the expansion
of the spared whisker representation extends far into deprived cortical areas (Feldman, 2009;
Glazewski et al., 1996). Imaging of intrinsic optical signals, which has been described to correlate with
sensory-evoked spiking on a ~100 um spatial scale (Ts’o et al., 1990), readily captures single-whisker
map plasticity (Polley et al., 1999). Using 10S imaging, we found that the distance between the centers

300 of the spared whisker's cortical representations narrows significantly (Figure 1). This recapitulates the
results of extracellular recordings in that it detects the mutual expansion of spared surround whisker-
evoked neuronal population activity in both spared barrel columns (Feldman, 2009; Feldman and
Brecht, 2005). Thus, our data confirm that I0S imaging has sufficient resolution to visualize even subtle

forms of map plasticity such as found under anesthesia upon DWE (Li et al., 2014).

305 Whisker map changes upon DWE are thought to be driven primarily by modulated activity of
L2/3 and governed by Hebbian forms of plasticity (Armstrong-James et al., 1994; Diamond et al.,
1993a, 1994). Remarkably, only a small fraction of L2/3 pyramidal neurons in S1 discharges action
potentials in response to a single whisker deflection (Wolfe et al., 2010; Kock et al., 2009). This implies
that the map changes as observed using 10S imaging are constituted by alterations in a sparsely spiking

310 population of neurons. We found that DWE does not only change the ratios of PW and SW-driven short
latency spikes, but also promotes the generation of SW-driven long-latency spikes (Figure 2)
(Armstrong-James et al., 1993). Since 10S integrate activity over relatively long timespans, these long-
latency spikes could have significantly contributed to the reduced distance between the spared
whisker representations. This implies that IOS map changes depend on the increased occurrence of

315 plateau potentials, since they primarily drove the long-latency spikes. Indeed, a block of NMDARs after
DWE decreased plateau potential probabilities and restored the distance between neighboring spared
whisker-evoked 10S (Figures 3 and 4). Altogether, this strongly suggests that the DWE-evoked cortical
map changes as observed using IOS are associated with an increased occurrence of dendritic plateau
potentials. It is tempting to speculate that the IOS map changes not only depend on somatic short and

320 long-latency spikes, but are also directly generated by the subthreshold plateau potentials, which are
driven by local active mechanisms in apical dendrites and are accompanied by substantial ion flux

(Antic et al., 2010; Gambino et al., 2014; Larkum et al., 2009; Major et al., 2008; Palmer et al., 2014).
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Since 10S may strongly depend on ion-related water movements (Vincis et al., 2015), such strong ion

fluxes could have contributed to the DWE-evoked map changes in our experiments.

325 Multiple mechanisms could explain the increase in whisker-evoked plateau potentials. Here
(Figure 3), as in previous work (Gambino et al., 2014), we show that plateau potentials in the barrel
cortex depend in part on activity of the POm division of the thalamus. POm neurons send dense axonal
projections to L1in S1 (Ohno et al., 2012; Wimmer et al., 2010b), where they spread out over multiple
barrel columns and make synaptic contacts with apical dendrites of numerous L2/3 pyramidal neurons

330 (Bureau et al., 2006; Feldmeyer, 2012; Gambino et al., 2014; Jones, 2000; Jouhanneau et al., 2014;
Ohno et al., 2012; Petreanu et al., 2009; Sermet et al., 2019; Zhang and Bruno, 2019). Interestingly,
neurons located in this higher-order thalamic nucleus have large receptive fields (Diamond et al., 1992;
Jouhanneau et al.,, 2014; Masri et al., 2008), and the POm input-recipient L2/3 neurons are
characterized by large and short-latency responses to multiple whisker deflections (Jouhanneau et al.,

335 2014). Thus, the increase in plateau potentials upon DWE could point to an increased activity of POm
neurons projecting to L1. POm neurons receive powerful inhibitory inputs from the zona incerta (Zl)
(Lavallée et al., 2005; Trageser and Keller, 2004), which might in turn affect the function and activity
of POm depending on the strength of this inhibition, notably during pathological conditions (Masri et
al., 2009). In addition, the ZI-POm connections are strongly modulated by the release of

340 neuromodulators such as acetylcholine (Ach), raising the possibility that POm activity could be strongly

gated by arousal (Masri et al., 2006; Trageser et al., 2006).

Another mechanism for the increase in plateau potentials may include the additional
cholinergic effects on dendritic computational properties. Acetylcholine promotes the generation of
long-lasting dendritic plateau potentials (Williams and Fletcher, 2019) that could eventually facilitate

345 the plasticity of TC projections (Dringenberg et al., 2007). On the other hand, accumulating evidence
suggests that plateau potentials are strongly and specifically controlled by dendrite-targeted inhibition
(Larkum, 2013; Palmer et al., 2012). Here, we found that locally blocking GABA-AR-mediated inhibition
dramatically increased the occurrence of whisker-evoked plateau potentials in naive mice.
Mechanistically, this modulation of dendritic excitability could be driven by the inhibition of

350 interneurons that specifically shunt synaptic inputs from TC projections (Koch, 1999; Kubota et al.,
2007), and/or by the stimulation of TC-mediated disinhibitory motifs (Audette et al., 2018; Williams
and Holtmaat, 2019). In line with these possibilities, it is becoming increasingly clear that sensory map
plasticity depends on intricate changes in inhibitory and disinhibitory circuits (Gainey and Feldman,

2017; Gambino and Holtmaat, 2012; Harding-Forrester and Feldman, 2018; Li et al., 2014).
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355 What could be the consequences of the increase in dendritic plateau potentials upon
alterations of sensory experience? Previous works show that plateau potentials are strong drivers of
synaptic LTP (Brandalise et al., 2016; Gambino et al., 2014; Golding et al., 2002), which is intimately
associated with map plasticity in the barrel cortex (Feldman, 2009; Feldman and Brecht, 2005;
Glazewski et al., 2000). Moreover, TC inputs from POm can also drive cortical LTP through disinhibition

360 (Williams and Holtmaat, 2019). Thus, upon DWE, an increase of POm-originating inputs or activity
thereof might facilitate LTP in L2/3 pyramidal neurons by evoking disinhibition and plateau potentials,
both of which generate favorable conditions for the integration, stabilization and strengthening of
relevant synaptic inputs (Holtmaat and Caroni, 2016). Interestingly, only pyramidal neurons located in
the supragranular (L2/3) and infragranular (L5) layers of the spared barrels, but not in L4, rapidly

365 increase their activity in response to changes in sensory experience (Diamond et al., 1993b, 1994). This
observation has led to the hypothesis that, in adult animals, plasticity occurs first in L2/3 and L5
(Feldman and Brecht, 2005). Thus, it is conceivable that L2/3 and L5 pyramidal neurons rapidly respond
to DWE by a combination of whisker-nonspecific POm input and disinhibition, resulting in increased

plateau potentials which subsequently may lead to elevated levels of synaptic plasticity.

370 Functional studies in vivo have highlighted the pivotal role of dendritic non-linear events in
sensory-evoked spiking and plasticity (Cichon and Gan, 2015; Du et al., 2017; Gambino et al., 2014;
Palmer et al., 2014), as well as the control of active behavior and perceptual discrimination (Takahashi
et al., 2016; Xu et al., 2012). It will be interesting in future studies to dissect the relationship between

higher-order thalamic inputs to cortex and experience-dependent synaptic and map plasticity.

375
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Figure S1 | Comparisons of PW-evoked PSP peak and plateau potentials between all conditions. A)
Mean (+ sem) PSP peak amplitude in control mice (FWE) and after DWE, under different
pharmacological conditions. B) SW/PW ratio of PSP peak amplitudes. C) Mean (+ sem) PSP plateau
400 potential integral in control mice (FWE) and after DWE, under different pharmacological conditions.
D) SW/PW ratio of plateau potentials integrals.
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Figure S2 | Effect of GABA-ARs blockade in L2/3 pyramidal neuron in vivo. A) Schematic of the

thalamo-cortical circuit and pharmacological experiments. The GABA-A receptor antagonist picrotoxin
(iPTX, 1 mM) is applied directly to the intracellular recording solution B) Single-cell example of whisker-
evoked responses in controls (top, FWE) and during GABA-AR blockage (bottom, FWE, iPTX). Gray lines,
410 individual trials; Black lines, averaged traces. Square pulse lines, C2 whisker deflection (100 ms) C)
Mean (+ sem) PW-evoked PSP peak amplitude (top) and integrals plateau potential probability. Circles,
individual cells.
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METHODS

415 All experiments were performed in accordance with the Guide for the Care and Use of
Laboratory Animals (National Research Council Committee (2011): Guide for the Care and Use of
Laboratory Animals, 8th ed. Washington, DC: The National Academic Press.) and the European
Communities Council Directive of September 22th 2010 (2010/63/EU, 74), as well as the Federal Food
Safety and Veterinary Office of Switzerland and in agreement with the veterinary office of the Canton

420  of Geneva (licence numbers GE/28/14, GE/61/17, and GE/74/18). Experimental protocols were
approved by the institutional ethical committee guidelines for animal research (N°50DIR_15-A) and by
the French Ministry of Research (agreement N°18892). We used male C57BL6/J 5- and 6-weeks old
mice from Charles River that were housed with littermates (3 mice per cage) in a 12-h light-dark cycle.
Cages were enriched with tunnels. Food and water were provided ad libitum.

425 Intrinsic optical imaging

Intrinsic optical signals were obtained through the intact skull using a light guide system with
a 700 nm (bandwidth of 20 nm) interference filter and stable 100-W halogen light source, as previously
described (Schubert et al., 2013). Briefly, Isoflurane (4% with ~0.5 I/min O;) combined with an i.p.
injection of urethane (1.5 g/kg, in lactated ringer solution containing in [mM] 102 NaCl, 28 Na L Lactate,
430 4 KCl, 1.5 CaCl;) was used to induce anesthesia and prolonged by supplementary urethane (0.15 g.kg
1) if necessary. To prevent risks of inflammation, brain swelling and salivary excretions, 40 ul of
dexamethasone (Dexadreson, 0.1 mg/ml, i.m.) and glycopyrrolate (Robinul-V, 0.01 mg/kg, s.c.) were
injected before the surgery. Adequate anesthesia (absence of toe pinch and corneal reflexes, and
vibrissae movements) was constantly checked and body temperature was maintained at 37°C using a
435 heating-pad positioned underneath the animal. Ophthalmic gel was applied to prevent eye
dehydration. Analgesia was provided as described for viral injection (with lidocaine and
buprenorphine). After disinfection of the skin (with modified ethanol 70% and betadine), the skull was
exposed and a ~3mm plastic chamber was attached to it above the prefrontal cortex using a
combination of super glue (Loctite) and dental acrylic and dental cement (Jet Repair Acrylic, Lang

440  Dental Manufacturing).

The head of the animal was stabilized using a small stereotaxic frame and the body
temperature kept constant with a heating pad. An image of the surface vascular pattern was taken
using a green light (546 nm interference filter) at the end of each imaging session. Images were
acquired using the Imager 3001F (Optical Imaging, Mountainside, NJ) equipped with a large spatial 602

445 x 804 array, fast readout, and low read noise charge-coupled device (CCD) camera. The size of the
imaged area was adjusted by using a combination of two lenses with different focal distances (upper
lens: Nikon 135 mm, f2.0; bottom lens: Nikon 50 mm, f1.2). The CCD camera was focused on a plane
300 um below the skull surface. Images were recorded at 10 Hz for 5 sec, with a spatial resolution of
4.65 pm/pixel comprising a total area of 2.9 x 3.7 mm?. Whisker C2 was deflected back and forth (20

450  stimulations at 8 Hz for 1 sec.) using a glass-capillary attached to a piezoelectric actuator (PL-140.11
bender controlled by an E-650 driver; Physik Instrumente) triggered by a pulse stimulator (Master-8,
A.M.P.1.). Each trial consisted of a 1 sec. of baseline period (frames 1-10), followed by a response period
(frames 11-20) and a post-stimulus period (frames 21-50). Inter-trial intervals lasted 20 sec to avoid
contamination of the current intrinsic optical signal by prior stimulations. Intrinsic signals were

455 computed by subtracting each individual frame of the response period by the average baseline signal.
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The obtained intrinsic signal was overlapped with the vasculature image using Imagel software
(Schneider et al., 2012) to precisely identify the C2 whisker cortical representation.

In vivo electrophysiology

Whole-cell recordings. After intrinsic optical imaging, a small ~¥1 x 1 mm craniotomy (centered above

460  the C2 whisker maximum intrinsic optical response) was made using a pneumatic dental drill, leaving
the dura intact. Whole-cell patch-clamp recordings of L2/3 pyramidal neurons were obtained as
previously described (Gambino et al., 2014). Briefly, high-positive pressure (200—300 mbar) was
applied to the pipette (5—-8 MQ) to prevent tip occlusion, when passing the pia. Immediately after, the
positive pressure was reduced to prevent cortical damage. The pipette resistance was monitored in

465 the conventional voltage clamp configuration during the descendent pathway through the cortex (until
-200 um from the surface) of 1 um steps. When the pipette resistance abruptly increased, the 3-5 GQ
seal was obtained by decreasing the positive pressure. After break-in, Vm was measured, and dialysis
could occur for at least 5 min before launching the recording protocols. Current-clamp recordings were
made using a potassium-based internal solution (in mM: 135 potassium gluconate, 4 KCl, 10 HEPES, 10

470 Na2-phosphocreatine, 4 Mg-ATP, 0.3 Na-GTP, and 25 puM, pH adjusted to 7.25 with KOH, 285 mOsM),
and acquired using a Multiclamp 700B Amplifier (Molecular Devices). Spiking pattern of patched cells
was analyzed to identify pyramidal neurons. Offline analysis was performed using custom routines
written in Sigmaplot (Systat), IGOR Pro (WaveMetrics) and Matlab (Mathworks).

Whisker evoked postsynaptic potentials (PSPs) in down state. Whisker-evoked PSPs were evoked by

475 forth and back deflection of the whisker (100 ms, 0.133 Hz) using piezoelectric ceramic elements
attached to a glass pipette ~4 mm away from the skin. The voltage applied to the ceramic was set to
evoke a whisker displacement of ~0.6 mm with a ramp of 7-8 ms. The C1 and C2 whiskers were
independently deflected by different piezoelectric elements. The amplitudes of the evoked PSPs were
more pronounced during down states as opposed to the up states. Therefore, to facilitate comparisons

480  of PSPs under different conditions, analysis was confined to peak amplitudes and integrals within 40
ms after the stimulus artifact and only if they arose during membrane potential down states. Peak
amplitude and integral analysis were performed on each trace, and then presented as a mean of at
least 30 whisker-evoked responses. To define up and down states, a membrane potential frequency
histogram (1 mV-bin width) was computed for each recorded cell. For each trial, the average

485 membrane potential was determined (10 ms before the stimulus artifact), and if it overlapped with
the potentials of the second peak the trace was excluded. Onset latency of PSPs in down state was
defined as the time point at which the amplitude exceeded 3 x s.d. of the baseline noise over 5 ms
prior to stimulation. It was determined based on an average of at least 20 whisker-evoked PSP traces.

Drug application. GABA-A receptors and NMDA receptors were blocked by local and intracellular
490  diffusion of PTX (Sigma, 1 mM) and the NMDA receptor open-channel blocker MK-801 (Tocris, 1 mM)
in the recording pipette solution, respectively. The local injection of fluorescent-tag of muscimol was

performed as previously described (Gambino et al., 2014). Briefly, mice were anaesthetized with
isoflurane and urethane as described above, before being fixed in a stereotaxic frame. Analgesia was
provided by local application of lidocaine and i.p. injection of buprenorphine. A burr hole was made to
495 inject the fluorescent muscimol Bodipy(R)-TMR(X) (500 uM in cortex buffer with 5% DMSO, Invitrogen)
in the medial part of the posterior thalamic nucleus (POm). The caudal sector of the POm that mainly
projects to L1 of S1 (Ohno et al, 2012) was specifically targeted using the following stereotaxic

18


https://doi.org/10.1101/2020.07.13.200923

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.13.200923; this version posted July 14, 2020. 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.

coordinates: RC: -2.00 mm, ML: -1.20 mm, DV: -3.00 mm from the bregma. Glass pipettes (Wiretrol,
Drummond) were pulled, back-filled with mineral oil, and front-loaded with the muscimol solution.

500 100-150 nl were delivered (20 nl/min) using an oil hydraulic manipulator system (MMO-220A,
Narishige). For control injection, the same volume of the fluorescent muscimol was injected in thalamic
structures that are not involved in somatosensory processing. The craniotomy was then covered with
Kwik-Cast (WPI) and mice were prepared for intrinsic optical imaging and whole-cell recordings as
described above. To achieve a maximal suppression of neuronal activity, patch-clamp recordings were

505 performed at least one hour after the injection but no longer than 4 hours after the injection. After
completion of the experiment, mice were transcardially perfused with 4% paraformaldehyde in PBS
(PFA), their brains extracted and post-fixed in PFA overnight. 100-um coronal brain sections were then
made to confirm the site and spread of injections.

Spatiotemporal analysis of intrinsic optical signal.

510 The intrinsic optical signals were analyzed as previously described (Schubert et al., 2013). The
signals were spatially binned (6x6, final resolution: 27.9 um/pixel or 3x3, final resolution: 13.95
um/pixel), and a high pass-filter was then applied by subtracting from each image-frame the same
image-frame that was convolved using a 1270 um full-width at half maximum (FWHM) Gaussian
kernel. The whisker-evoked intrinsic optical signals were then simulated using a pixel-by-pixel paired

515 t-test, comparing the baseline period and the response period of all trials within a session. The t maps
for each individual trial were low pass-filtered with a 340 um FWHM Gaussian kernel and averaged
into a final t map response. A threshold was set to t < -2.0 and any signal below this value was
considered to belong to the stimulus-evoked response area. If the pixel value was t > -2.0 it was
considered background noise and discarded for quantification. This usually resulted in an image with

520  a clear minimum, representing the response maximum and the barrel’s center of mass. Changes on
intrinsic optical signal pixel area caused by whisker trimming were computed as the ratio between the
whisker-evoked intrinsic response of the baseline and SWE sessions. All data analysis was performed
using a custom software written in MATLAB (MathWorks).
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fig variable /units group Cell | Mice mean Std dev median 25% 75% test p -value
ic whisker representation |FWE N.A 31 0.266 0.0368 0.264 0.241 0.29| Two-sample Kolmogorov-Smirnov test |p<0.001
distance (WRD, mm) [DWE N.A 21 0.212 0.0411 0.212 0.192 0.231)t-test p<0.001
FWE N.A 31 0.266 0.0368 0.264 0.241 0.29 p<0.001
D whisker representation [DWE+2 N.A 8 0.215 0.0471 0.205 0.192 0.235 one way anova with multiple p=0.002 (FW
distance (WRD, mm) |DWE+3 N.A 9 0.21 0.0451 0.212 0.192 0.241| comparisons (Holm-Sidak method) |p<0.001 (FWE vs DWE+3)
DWE+4 N.A 4 0.213 0.0246 0.222 0.196 0.229 p=0.014 (FWE vs DWE+4)
fig variable /units group Cell | Mice mean Std dev median 25% 75% test p -value
FWE-PW 33 25 1000.2|  501.239 985.05 721.2 1310.9 p=0,949
platcau integral (mV*mse) DWE-PW 20 17| 1082.075( 809.282| 1005935 560.205 1267.75|  Kruskal-Wallis one way anova on
FWE-SW 31 25| 956.676| 613.484 951.03(  500.682| 1301.85 ranks
DWE-SW 20 17[  969.489| 552.807 920.06] 595.095| 1145.25
FWE-PW 33 25 0.466 0.26 0.444 0.274 0.665 p<0.001
DWE-PW 20 17 0.762 0.192 0.814 0.604 0.916
y FWE-SW 31 25 0.513 0.283 0.487 0.345 0.73 one way anova with multiple
2F plateau probability ~ |DWE-SW 20 17 0.786 0.204 0.809 0.724 0.95 (‘ompariso’ns (Holm-Sidak method) bW
p<0.001 (PW-DWE vs SW-FWE)
p=0.447 (FWE; PW vs SW)
p=0.753 (DWE; PW vs SW)
FWE-PW 33 25| 512.244( 434908 428.283|  142.966| 688.856 p=0,077
plateau strength DWE-PW 20 17 870.389|  793.636 543.538 418.02| 1077.277| Kruskal-Wallis one way anova on
(mV*mse) FWE-SW 31 25| 564.484| 508.836 456.494| 133.751|  820.563 ranks
DWE-SW 20 17] 811.178] 584.326 641.134]  463.765| 1010.275
Jate spike probability FWE-PW 15 15 1 1.152 0.56 0.296 1.28|t-test p=0,376
) . .~ |DWE-PW 9 9 0.629 0.536 0.391 0.29 0.878 | Mann-Whitney rank sum test p=0,602
2G [ (normalized to the spiking
probability in PW-FWE) FWE-SW 7 7 0.546 0.254 0.522 0.391 0.736t-test ) p=0,022
DWE-SW 5 5 1.167 0.534 1.043 0.898 1.304) Mann-Whitney rank sum test p=0,010
fig variable /units group Cell | Mice mean Std dev median 25% 75% test p -value
DWE 20 17 0.762 0.192 0.814 0.604 0.916|t-test p<0,001
3¢ PW-induced plateau  [DWE+MK801 7 4 0.203 0.198 0.171 0.015 0.384| Mann-Whitney rank sum test p<0,001
probability DWE+muscimol in 6 0.141 0.104 0.169 0.0351 0.227|t-test p<0,001
DWE imol out 6 0.694 0.107 0.674 0.628 0.706 | Mann-Whitney rank sum test p=0,002
FWE 33 25 1 0.559 0.954 0.588 1.427 p<0.001
FWE+HPTX 6 4 1.451 0.474 1.462 1.288 1.84 p<0.001 (FWE vs DWE)
- DWE 20 17 1.635 0413 1.748 1.295 1.966 p<0.001 (DWE vs DWE+MK801)
plateau probability . . " .
3D |(normalized to the mean of DWEHMKSOI ) 7 4 0.437 0.425 0.366 0.0322 0.824 one v‘my anova wx[}.t multiple p<0.001 (DU'VI? vs DWE+muscimol in POm)
the FWE control goup) DWEHnusc?mol in 6 5 0.302 0.222 0.364 0.0753 0.488| comparisons (Holm-Sidak method) |p<0.001 (DWE; muscimol in vs out POm)
DWE+muscimol out 6 5 1.489 0.231 1.447 1.347 1.515 p=0.505 (DWE vs DWE muscimol out POm)
p=0.402 (DWE vs FWE+iPTX)
p=0.03 (FWE vs FWE+iPTX)
FWE 33 25 1 0.849 0.836 0.279 1.345 p=0.002
FWE+HPTX 6 4 1.454 0.757 1.484 0.829 1.843 p=0.02 (FWE vs DWE,
DWE 20 17 1.699 1.549 1.061 0.816 2.103 p=0.013 (D MKS801)
plateau strength . .
3F |(normalized to the mean of DWE+1MK§01 ) 7 4 0.549 0.672 0.228 0.0116 1.208 one way anova wx[}.x multiple p=0.005 (DW muscimol in POm)
the FWE control goup) DWEHnusc?mol in 6 5 0.301 0.218 0.422 0.0417 0.448| comparisons (Holm-Sidak method) |p=0.048 (D muscimol in vs out POm)
DWE+muscimol out 6 5 1.501 0.712 1.437 0.912 1.997 p=0.681 (DWE vs DWE muscimol out POm)
p=0.612 (DWE vs FWE+iPTX)
p=0.326 (FWE vs FWE+iPTX)
fig variable /units group Cell | Mice mean Std dev median 25% 5% test p -value
4B PW-FWE 33 25| 512.244( 434908 428.283|  142.966(  688.856|r-test p=0,038
plateau strength PW-DWE 20 17[ 870.389| 793.636 543.538 418.02| 1077.277|Mann-Whitney rank sum test p=0.046
D (mV*msec) SW-FWE 31 25| 564.484| 508.836 456.494|  133.751|  820.563 r-test p=0,117
SW-DWE 20 17] 811.178] 584.326 641.134)  463.765| 1010.275|Mann-Whitney rank sum test p=0,088
PW-FWE 33 25| 512.244| 434908 428.283|  142.966|  688.856r-test p=0,001
4E plateau strength PW-DWE 9 9 1305.132 1018.47 1178.164 476.319( 1601.103 | Mann-Whitney rank sum test p=0,007
(mV*msec) distance < |SW-FWE 31 25| 564.484| 508.836 456.494|  133.751|  820.563 |r-test p=0,022
SW-DWE 9 9] 1078.204| 741.833 934.79|  552.341| 1519.143|Mann-Whitney rank sum test p=0,033
DWE/saline- N.A 5| 210.137 75.589 205.828|  159.027|  249.413paired t-test p=0.398
DWE/saline+ N.A 5] 200.182 63.186 198.6] 143.255|  249.805|Wilcoxon rank sum test p=0,625
DWE/dAPS- N.A 6  203.296 63.358 208.791 191.53|  225.471 |paired t-test p=0,034
DWE/dAP5+ N.A 6] 285.533 42.121 288.126) 241.758 323.88| Wilcoxon rank sum test p=0,031
4G WRD (mm) FWE N.A 31 0.266 0.0368 0.264 0.241 0.29 p=0.001
DWE/saline- N.A 5 210137 75.589 205.828| 159.027| 249.413 . . p=0.019 (FWE vs DWE saline-)
DWE/salinet N.A s| 200182|  63.186 108.6| 143255| 249.80s| Onewavanova with multiple +)
comparisons (Holm-Sidak method) N
DWE/dAPS- N.A 6 203296 63.358 208.791 191.53|  225.471 p=0.005 (FWE vs DWE dAP5-)
DWE/dAP5+ N.A 6| 285533 42.121 288.126) 241.758 323.88 p=0.355 (FWE vs DWE dAP5+)
4H Adistance DWE dA?S N.A 6 82.238 69.783 47.068 43412 111.289|t-test ) p=0,021
saline N.A 5 -9.956 23.565 -7.227]  -28.637 10.55) Mann-Whitney rank sum test p=0,004
fig variable /units group Cell | Mice mean Std dev median 25% 5% test p -value
FWE 33 25 9.952 4.961 10.574 5.07 12.681 p=0,445
FWE+HPTX 6 4 8.668 4.34 8.394 6.437 9.841
SIA PSP peak (mV) DWE ) 20 17 7.447 4.464 5.776 4.708 10.09| Kruskal-Wallis one way anova on
DWE+MK801 7 4 10.266 8.65 7.76 3.954 14.715 ranks
DWE+muscimol in 6 5 7.591 4.145 5.721 4.328 12.478
DWE imol out 6 5 6.96 5.964 4.971 2.688 10.019
SIB | PSP peak (ratio SW/PW) FWE 31 25 0.664 0215 0.693 0.55 0.817|t-test p=0,014
DWE 20 17 0.898 0.438 0.913 0.538 1.136| Mann-Whitney rank sum test p=0,049
FWE 33 25 1000.2|  501.239 985.05 721.2 1310.9 p=0.879
FWE+HPTX 6 4| 1051.15| 272966 1041.05 8422 1281.4
SIC | PSP integral (mV*msec) DWE ) 20 17| 1082.075( 809.282| 1005935  560.205 1267.75|  Kruskal-Wallis one way anova on
DWE+MKS801 7 4] 841.413| 889.313 683.61 99.203( 1426.392 ranks
DWE+muscimol in 6 5| 1080.322|  466.403 1009.7(  798.673  1264.85
DWE imol out 6 5| 1123.722] 552.557 1044.07]  740.871 1449
SID PSP integral (ratio FWE 31 25 1.016 0.825 0.857 0.546 1.193|t-test p=0.846
SW/PW) DWE 20 17 1.056 0.523 1.053 0.537 1.563 | Mann-Whitney rank sum test p=0.482
fig variable /units group Cell | Mice mean Std dev median 25% 5% test p -value
PSP peak (mV) FWE ) 33 25 9.952 4.961 10.574 5.07 12.681 |#-test ) p=0,557
s FWE+PTX 6 4 8.668 4.34 8.394 6.437 9.841| Mann-Whitney rank sum test p=0.448
. FWE 33 25 1000.2|  501.239 985.05 721.2 1310.9 |#-test p=0.811
PSP integral (mV*msec) . .
FWE+PTX 6 4] 1051.15] 272,966 1041.05 8422 1281.4 | Mann-Whitney rank sum test p=0.830
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