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Figure S1. Selective expression of GCaMP6sin layer IV principal neurons of the mouse barrel cortex. Related to
Figure 2.(A) Two-photon image showing a coronal section oftihgel cortex of a Scnnla-cre mouse injected with
AAV1.Syn.Flex.GCaMP64B) Normalized fluorescence intensity as a functioaatical depth. The grey lines represent
standard deviation, the dark line represents tieeame across FOVs (N = 4) Two-photon image showing a zoom on
a single barrelD) Normalized fluorescence intensity as a functiothefbarrel width (N = 4JE-G) Two-photon image
showing TdTomato expression (left panel, red), GB&Mmiddle panel, green), and the merge in a cos®@ion of
the barrel cortex from a bigenic Scnnla-cre mouBmxed-TdTomato mouse injected with AAV1.Syn.FegaMP6s.
(H) Percentage of observed cells under the differgmigxental conditons (N = 4 mic€)) 3D intensity profile for four
representative layer IV cells expressing GCaMiRasvo. (J) Fluorescence intensity profile along the cell’ardéeter (N

= 604 neurons from 8 mice). Grey lines indicateviitdial cells; the black line indicates the averageoss neurons = sd.
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Figure S2. Computation of SLStrajectoriesis stable over time. Related to Figure ZA) Two-photon raster scanning
image (single frame from a 250 seconds long timeseof layer IV neuroni vivo. The SLS trajectory is depicted in
yellow. (B-Bs) SLS trajectories designed on short t-series obthdividing the t-series shown in (A) into four seqtial
epochs: 0-62.5 s in (B), 62.5-125 s in)BL25-187.5 s in (B and 187.5-250 s in g8 (C) Overlap between the SLS
trajectories shown in (B-. Only pixels belonging to cells of interest aispityed. Colors represent the percentage of
overlap between the selected pixels in the fouckeo0 % (magenta), 50 % (red), 75 % (yellow) a@f % (white),
respectively(D) Zoom in of the five cells highlighted in (QE) Normalized distribution of segmented pixels shayin
0 %, 50 %, 75 % or 100 % colocalization. N = 8 gr@of 4 consecutives short t-series from 8 FOV anBnals; two-
sample KS test, p = 2E-3 between 0 % and 50 % abikation; p = 2E-4 between 50 % and 75 % coloa#ilin; p = 2E-
4 between 75 % and 100 % colocalization; p = 2Ee#vben 0 % and 100 % colocalization; p = 0.08 betw@ % and
75 % colocalization; p = 2E-4 betwenn 50 % and #06olocalization. In this as well in other figurésp < 0.05; **, p

< 0.01;***, p < 0.001; n.s., non significant. Grey dotginate individual measurements, the black barscatdi the
average across measurements x(&yNormalized number of segmented pixels with no caliaation (0 % in F) that
belonged to ROIs (Inside ROIs) or that belongetthéosegments connecting adjacent ROIs (Outside)R®ks 8 groups
of 4 consecutives short t-series from 8 FOVs inignals for both Inside ROIs and Outside ROIls caodg, respectively,
two-sample KS test, p = 2E-4.



Figure S3. Generation of SL Strajectories. Related to Figure ZA) Two-photon image of layer IV GCaMP6-expressing
neurons. The yellow line represents the trajectemyerated by SLS algorithm. Note that a referemoe(Ref.) can be
included in the SLS to monitor x, y motion artefacthe region of the FOV highlighted in white iam at an enlarged
scale in the inse{B-D) Same as in (A) for SLS trajectories with variousrgund regions (one pixel in B, two pixels in
C, and three pixels in D).
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Figure $4. Precision of mirror positioning. Related to Figure 2AA) Polygon line trajectories used to measure the
temporal lag between the command signal and fe&dbigoals of galvanometric mirrors as a functiontted angle
between successive segments of the line trajecfdry.Zoom in of the polygon trajectories shown in (4) Left:
Command (top) and feedback (bottom) signal fortlgalvanometric mirror during a polygon trajectavith 20° angle.
Right: Command (top) and feedback (bottom) sigogtiie Y galvanometric mirror during the same polydgrajectory
shown on the left{Bi1) Command (black) and feedback (red) signals are/sluwverlapped for the X (left) and Y (right)
direction during a 20° polygon line scanning. Péeaste that the feedback signal was shifted baakiatime by the
time lag between command and feedback sig@lkCi1) Same as in (B-B for a typical SLS trajectoryD) Temporal
lag between the command signal and the feedbacklsid the galvanometric mirrors during polygorelittajectories,
SLS trajectories (SLS), and raster scanning (Ragtey Top: Two-photon fluorescence image showing a poyeain
obtained in raster scanning (greyscale signal)aanadverlaying SLS trajectory (yellow line). Bottosame field of view
as above showing only the intensity of the pixdlthe SLS (greyscale signa(}r) Normalized fluorescence intensity of
pixels belonging to the SLS trajectory shown in blmtom panel of (E) and the pixels in the samdialpposition but



recorded in the raster scanning image shown inupiper panel of (EXG) Cross-correlogram between the two signals
shown in (F)(H) Time of peak cross correlation across differeqeexnents(l) A SLS trajectory (cyan) is projected
onto a fluorescent grid (red). The fine spatialicture of the SLS trajectory is shown at an expdratale in the inset.
(J) SLS acquisitions with the trajectory shown ing$) a function of the acquisition dwell time (fromd 4us to 1.6 us).
(K) Correlation between fluorescent signals recorded LS at different acquisition dwell times.
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Figure Sb. Stability of line scan trajectoriesacr oss scanningtrials. Related to Figure ZA) A line scan trajectory used
for in vivo recording (yellow line) is scanned on a fluoresagnd (blue squares, 120 um period). ROls are oariyg
positioned inside fluorescent region (blue squaoe&) non fluorescent regions (dark areas) ohattorder between the
fluorescent and the non fluorescent region. Pized ef SLS acquisitions is 0.77 pR) A SLS is iterated 10,000 times
on the grid in four different days (total scannegectories: 40,000). Fluorescence intensity ohgagel is displayed on
a logarithmic pseudocolor scale. Based on theipogif the scanned pixel with respect to the gsid defined 100 border
regions. Inset: magnification of a set of the 155Skpetitions around one border region (highlighteded in the left
panel). No bleaching of the grid fluorescence waseoved across 10,000 repetitiof@) Number of SLS acquisitions
with fluorescence intensity higher than noise azidentified border regions as a function of thetatice from the highly
fluorescent region (see STAR Methods for detaBs¥el size of SLS acquisitions is 0.77 um. The ageracross 4
sequences of 10,000 SLS trajetories is displayddaick, values of individual sequences is showgrey. Paired-test
for Oumvs 0.77um p = 1E-7, for 0.77um vs 1.54pm p = 2E-8, for 1.54m vs 2.31um p = 6E-9, for 2.3um vs 3.08
um p = 7E-12, and for 3.08m vs 3.85um p = 2E-8.
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Figure S6. Acquisition speed in SLS. Related to Figure ZA) Time required to complete a scan as a functiothef
number of scanned cells for raster scan (blackesyand SLS (colored circles). In each SLS the lremof pixelsper

cell was mantained constant while the surroundoregias increased from 0 to 3 pixels (red, pinkgeband green dots).
Red lines indicate the linear fit of da{B) Ratio between the number of pixels in each SLgdtary and the number of
pixels in raster scan image (# pigel/# pixelaste) as a function of the number of scanned cé@3.Acquisition rate of
SLS as a function of number of pixels includedhe surround region (SO, S1, S2, and S3). N = 8 &idBisitions from

8 FOVs. Paired-test, p = 0.009 between SO and S1, p = 6E-4 lmt\8® and S2, p = 6E-4 between SO and S3, p =0.21
between S1 and S2, p = 0.053 between S1 and S8, 36-between S2 and SB) Acquisition frame rate of SLS in 4
FOVs characterized by low (Low <F>) and high (High>) GCaMP6 fluorescende vivo. N = 16 SLS acquisitions
from 4 FOVs for both Low <F> and High <F>. Paitegst, p = 0.003.
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Figure S7. The SNR and the accuracy in detecting single APs depend on both the acquisition rate and the dwell
time per cell. Related to Figure §A) Top: representative SLS acquisitions at 62.5 idmfone cell in combined imaging
and juxtasomal electrophysiological recordings (Seere 5). Bottom: SLS acquisitions were tempgrdibwn sampled
maintaining 75 %, 50 %, 33 %, and 25 % of the aeguSLS. White horizontal stripes indicates theitfs of the
removed SLS acquisitionéB) AF/F (black) over time for the cell shown in (A), iwh was simultaneously recorded in
the juxtasomal electrophysiological configuratigrely trace), for SLS at 62.5 Hz (top) and aftergeral down sampling
(bottom traces)(C) SNR of fluorescence signals in SLS acquisitionswinich one single spike was observed in
simultaneous juxtasomal electrophysiological retagsl as a function of the temporal down samplingy&lots, N = 16
cells from 8 FOV in 4 animals. Error bars represtahdard deviation. Paired sample Wilcoxon sigredk test: SLS



62.5 Hz vs 75% p = 7.1E-4, SLS 62.5 Hz vs 50 %408&-4, SLS 62.5 Hz vs 33 % p = 4.8E-4, SLS 62.5/$125 % p
= 5.8E-4, SLS 62.5 Hz vs SLS 30 Hz p = 0.002; 78s%0 % p = 7.3E-4, 75 % vs 33 % p = 4.8E-4, 75s%2% % p =
0.072, 75 % vs SLS 30 Hz p = 0.003; 50 % vs 3336/2E-4, 50 % vs 25 % p = 4.8E-4, 50 % vs SLS 3@ 0.064;
33%vs25% p=23.1E-4, 33 % vs SLS 30 Hz p =8.@8 % vs SLS 30 Hz p = 0.1(C1) Same as in (C) but for raster
scanning acquisitions. Raster scanning acquisitisre temporally down sampled maintaining 75 %%®3 %, and
25 % of the acquired frames. N = 16 cells from 8//®4 animals. Paired sample Wilcoxon signed reast: Raster 30
Hz vs 75 % p =4.8E-4, Raster 30 Hz vs 50 % p =448Raster 30 Hz vs 33 % p = 4.8E-4, Raster 30 H25v% p =
4.8E-4, Raster 30 Hz vs Raster 10 Hz p = 4.8E-#0A/8 50 % p = 0.007, 75 % vs 33 % p = 4.8E-4, 7&%5 % p =
4.8E-4, 75 % vs Raster 10 Hz p = 4.8E-4; 50 % v%33= 4.8E-4, 50 % vs 25 % p = 4.8E-4, 50 % ve&a) Hz p =
4.8E-4; 33 % vs 25 % p = 4.8E-4, 33 % vs RasteHi(® = 4.8E-4; 25 % vs Raster 10 Hz p = 0@8. Accuracy in
detecting single AP for the SLS experiments show(C). N = 16 cells from 8 FOV in 4 animals. Paisaanple Wilcoxon
signed rank test: SLS 62.5 Hz vs 75 % p = 7.1Ek§ 62.5 Hz vs 50 % p = 4.8E-4, SLS 62.5 Hz vs 33%48E-4,
SLS 62.5 Hz vs 25 % p = 5.8E-4, SLS 62.5 Hz vs 30%z p = 0.002; 75 % vs 50 % p = 7.3E-4, 75 % ¥9Bp =
4.8E-4, 75 % vs 25 % p = 0.072, 75 % vs SLS 30 Bz200003; 50 % vs 33 % p = 7.2E-4, 50 % vs 25 %48E-4, 50
% vs SLS 30 Hz p = 0.064; 33 % vs 25 % p = 3.1B34% vs SLS 30 Hz p = 0.083; 25 % vs SLS 30 HzQl1¥.(D1)
Same as in (D) but for raster scanning acquisitibis 16 cells from 8 FOV in 4 animals. Paired sEnWilcoxon signed
rank test: Raster 30 Hz vs 75 % p =4.8E-4, rafddi8vs 50 % p = 4.8E-4, raster 30 Hz vs 33 % p8E4H, raster 30
Hz vs 25% p = 4.8E-4, raster 30 Hz vs raster 1 Hz4.8E-4; 75 % vs 50 % p = 0.006, 75 % vs 33%4p8E-4, 75 %
vs 25 % p = 4.8E-4, 75 % vs raster 10 Hz p = 4.8504% vs 33 % p = 4.8E-4, 50 % vs 25 % p = 4.8604% vs raster
10 Hz p = 4.8E-4; 33 % vs 25 % p = 4.8E-4, 33 %asgder 10 Hz p = 4.8E-4; 25 % vs raster 10 HzQx48.(E) Top:
Two-photon image showing a GCaMP6s expressing maangvo which was imaged with a SLS trajectory (cyan line)
and simultaneously recorded with a glass pipetist{dd white lines). Yellow dots indicate the pixalthe SLS trajectory
belonging to the cell. Bottom panels: pixels belaggo cells were randomly down sampled maintairibdo, 50 %, 33
%, and 25 % of the acquired pixels (spatial down@ang). (F) AF/F (black) over time for one representative aehich
was simultaneously recorded in the juxtasomal edpbitysiological configuration (grey trace), for S(i8p) and after
spatial down sampling (bottom trace&}) SNR of fluorescence signals in SLS acquisitiong/fich one single spike
was observed in simultaneous juxtasomal electraplogical recordings as a function of the spatiaivd sampling.
Raster scanning acquisitions were randomly dowrpgsghmaintaining 75 %, 50 %, 33 %, and 25 % offiixels within
each ROI. Grey dots, N = 16 cells from 8 FOV inMnaals. Error bars represent standard deviatioire®aample
Wilcoxon signed rank test: SLS all 62.5 Hz vs 7p% 4.8E-4, SLS all 62.5 Hz vs 50 % p = 4.8E-4, 3ll$2.5 Hz vs
33 % p = 4.8E-4, SLS all 62.5 Hz vs 25 % p = 4.855US all 62.5 Hz vs SLS all 30 Hz p = 0.007; 7%&60 % p =
4.8E-4, 75 % vs 33 % p = 4.8E-4, 75 % vs 25 % p8E4H, 75 % vs SLS all 30 Hz p = 0.39; 50 % vs 3B %4.8E-4,
50 % vs 25 % p = 4.8E-4, 50 % vs SLS all 30 Hz58E-4; 33 % vs 25 % p = 4.8E-4, 33 % vs SLS alH2( = 5.8E-
4; 25 % vs SLS all 30 Hz p = 4.8E{451) Same as in (G) but for raster scanning acquistidbh= 16 cells from 8 FOV
in 4 animals. Paired sample Wilcoxon signed rask taster all 30 Hz vs 75 % p =4.8E-4, rasteB@lHz vs 50 % p =
4.8E-4, raster all 30 Hz vs 33 % p = 4.8E-4, rasteB0 Hz vs 25 % p = 4.8E-4, raster all 30 Hzaster all 10 Hz p =
4.8E-4; 75 % vs 50 % p = 0.006, 75 % vs 33 % p3EH, 75 % vs 25 % p = 4.8E-4, 75 % vs raster@Hi p = 4.8E-
4;50 % vs 33 % p = 4.8E-4, 50 % vs 25 % p = 4.8604% vs raster all 10 Hz p = 4.8E-4; 33 % vs 2p %4.8E-4, 33
% vs raster 10 Hz p = 0.48; 25 % vs raster 10 @lHz p = 4.8E-4(H) Accuracy in detecting single AP for the SLS
experiments shown in (G). N = 16 cells from 8 F@Mianimals. Paired sample Wilcoxon signed rank 8isS all 62.5
Hz vs 75 % p = 4.8E-4, SLS all 62.5 Hz vs 50 %4 8E-4, SLS all 62.5 Hz vs 33 % p = 4.8E-4, SLalb Hz vs 25
% p = 4.8E-4, SLS all 62.5 Hz vs SLS all 30 Hz §.802; 75 % vs 50 % p = 4.8E-4, 75 % vs 33 % p3E4H, 75 % vs
25 % p =4.8E-4, 75 % vs SLS all 30 Hz p = 0.012%vVs 33 % p = 4.8E-4, 50 % vs 25 % p = 4.8E-4%b0s SLS all
30 Hz p = 0.002; 33 % vs 25 % p = 4.8E-4, 33 % /S 8l 30 Hz p = 4.8E-4; 25 % vs SLS all 30 Hz g.8E-4.(Hy)
Same as in (H) but for raster scanning acquisitiins 16 cells from 8 FOV in 4 animals. Paired senWilcoxon signed
rank test: raster all 30 Hz vs 75 % p = 4.8E-4teraall 30 Hz vs 50 % p = 4.8E-4, raster all 30ud83 % p = 4.8E-4,
raster all 30 Hz vs 25 % p = 4.8E-4, raster alH20vs raster all 10 Hz p = 4.8E-4; 75 % vs 50 % H2E-4, 75 % vs 33
% p=4.8E-4,75 % vs 25 % p = 4.8E-4, 75 % vseraail 10 Hz p = 4.8E-4; 50 % vs 33 % p = 4.8E@% Vs 25 % p
= 4.8E-4, 50 % vs raster all 10 Hz p = 4.8E-4; 38925 % p = 4.6E-4, 33 % vs raster all 10 Hz p24025 % vs raster
all 10 Hz p = 4.8E-4.
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Figure S8. Decreased coactivity threshold of detected neural ensembles in SLS. Related to Figure 6A) Left:

Coactivity threshold for ensemble activity detetin anesthetized animals under the different érpartal conditions.
Right: Coactivity threshold after down samplingSUS series to match the acquisition rate of rastanning series.
Spontaneous activity: N = 6 for raster, N = 6 ftuSSat 0-20 Hz, N = 6 for SLS at 20-40 Hz, N = 3 8kS at > 40 Hz
from 6 anesthetized mice. Air puff stimulation=\20 for raster, N = 15 for SLS at 0-20 Hz, N =f@BSLS at 20-40
Hz, N =7 for SLS at > 40 Hz from 6 anesthetizedanLeft, spontaneous activity: pairetest rastews SLS at 0-20 Hz
p = 1E-4, rastevs SLS at 20-40 Hz p = 1E-5, rasterSLS at > 40 Hz p = 1E-4. Air puff stimulation: pedt-test raster

vs SLS at 0-20 Hz p = 6E-8, rastey SLS at 20-40 Hz p = 6E-8, rasterSLS at > 40 Hz p = 6E-8. Right, spontaneous
activity: pairedi-test rastews SLS at 0-20 Hz p = 0.30, rastexSLS at 20-40 Hz p = 0.056, rasterSLS at > 40 Hz p =
0.056. Air puff stimulation: pairetitest rasters SLS at 0-20 Hz p = 0.009, rasterSLS at 20-40 Hz p = 0.012, raster
vs SLS at > 40 Hz p = 1E-TB) Same as in (A) for experiments in awake mice. &pwous activity: N = 5 for raster
and N = 4 for SLS at 0-20 Hz from 2 awake mice. guff stimulation: N = 7 for raster and N = 8 facSsat 0-20 Hz
from 2 awake mice. Left, spontaneous activity: @dirtest rastevs SLS at 0-20 Hz p = 1E-4. Air puff stimulation: ped
t-test rastewvs at SLS 0-20 Hz p = 4E-5. Right, spontaneous dgtipairedt-test rastews SLS at 0-20 Hz p = 0.019. Air
puff stimulation: paired-test rastews SLS at 0-20 Hz p = 2E-§C) Time to peak measured for all isolated calcium
events in anesthetized animals under the diffexeperimental conditions. Spontaneous activity: Blfer raster, N = 6
for SLS at 0-20 Hz, N = 6 for SLS at 20-40 Hz, I8 for SLS at > 40 Hz from 6 anesthetized mice. pAiff stimulation:

N = 20 for raster, N = 15 for SLS at 0-20 Hz, N3=ftrr SLS at 20-40 Hz, N = 7 for SLS at > 40 Hmfr6 anesthetized
mice. Spontaneous activity: pairetest rastevs SLS at 0-20 Hz p = 6E-8, rasteySLS at 20-40 Hz p = 6E-8, rasier
SLS at > 40 Hz p= 6E-8. Air puff stimulation: pairetest rasters SLS at 0-20 Hz p = 6E-8, rastesSLS at 20-40 Hz

p = 6E-8, rastevs SLS at > 40 Hz p = 6E-8D) Same as in (C) for awake mice. Spontaneous actNit 5 for raster,

N = 4 for SLS at 0-20 Hz from 2 awake mice. Aiffpgtimulation: N = 7 for raster, N = 8 for SLS @0 Hz from 2
awake mice. Spontaneous activity: paireest rastevs SLS at 0-20 Hz p = 2E-6. Air puff stimulation: padt-test raster
vs SLS at 0-20 Hz p = 8E-8. Pairetest raster in spontaneous actiwigyraster in air puff stimulation p = 0.001.



A B Small Events
<+—— Large event Raster 1 Raster

0.34mw SLS SLS

()
o

Large Events

Threshold S 50.15
""""""""""""" 8 8
<— Small event ©0.2 ©
N N 041
® ©
£ £
Baseline h £0.051

5

= o

=

EQ 0 . . 0 .

S 0 02 04 06 08 10 0 02 04 06 08 1.0

Z 2s Normalized event amplitude (a.u) Normalized event amplitude (a.u)
D Anesthetized E Awake 7 . M hs ;

129 Raster 121 Raster 11 — 08

@ SLS » NS @ SLS « NS Rk T

< 14SLS binned n.s ! . =S 'HSLS binned *k i ¥ —E—

3 i B 3081 I :

£0.8 * £08 .5 £

‘B KEk G 7

S R L TR

= o - @

g wxs 1 2 i 8

= 0.4 i = 0.4 *k ©

g *;* ; £ Sk § & 0.44

5021 u_ ] 502  wxx

=z *kk i = Fdek (]

o+t 4 02
0 10 20 30 40 50 60 70 80 90100 0 10 20 30 40 50 60 70 80 90100 Raster SLS Raster SLS
VAF (%) VAF (%) Anesthetized Awake

Figure $9. Increased number of small detected calcium eventsin SLS. Related to Figure {A) Representative SLS
fluorescence trace over time from one ROI showing fluorescence events classified as small evenal(s and large
event (large) based on the value of a thresholdtshe 5@ percentile of the amplitude distribution of alteleted calcium
events.(B) Distribution of small calcium events detected fr&hS (black) and raster (grey) acquisitions during
spontaneous activity and air puff stimulation iresthetized and awake anim&g8) Same as in (B) for large calcium
events(D) Normalized number of detected functional modulesffensemble activity as a function of the percentafg
VAF. Data are reported for SLS acquisitions (blackyter acquisitions (grey), and SLS series doamnpted to match
the acquisition rate of raster scanning seriese(BLS binned) in anesthetized mice. N = 26 forerafN = 10 for SLS
at 0-20 Hz, N = 6 for SLS at 20-40 Hz, N = 3 forSsat > 40 Hz from 6 anesthetized mice. Comparigwitéen raster
and SLS acquisitions: pairédest, p = 3E-12 at 10% of VAF, p = 1E-12 at 20%8f, p = 1E-12 at 30% of VAF, p =
2E-12 at 40% of VAF, p = 2E-11 at 50% of VAF, pE-8 at 60% of VAF, p = 0.025 at 70% of VAF, p =T20at 80%
of VAF, p = 0.003 at 90% of VAF, p = 1 at 100% oAN. No significant p-values were obtained when carigy
between raster and SLS binned at any percentag@fef (E) Same as in (D) for experiments in awake animals. 1?2
for raster, N = 12 for SLS at 0-20 Hz from 2 awakiee. Comparison bewteen raster and SLS acquisitjmaired-test,

p = 7E-5 at 10% of VAF, p = 1E-4 at 20% of VAF, 2E-4 at 30% of VAF, p = 0.001 at 40% of VAF, p 18 at 50%
of VAF, p = 0.88 at 60% of VAF, p = 0.12 at 70%\0AF, p = 0.008 at 80% of VAF, p = 0.01 at 90% of WA = 1 at
100% of VAF.(F) Sparseness index of functional modules from enkeatiivity in raster scan (N = 38) and SLS (N =
31) acquisitions from 6 anesthetized and 2 awak® nfiwo sample KS test, p = 6E-14 between anes#tetaster and
anesthetized SLS, p = 2E-7 between awake rastesnaakie SLS, p = 0.49 between anesthetized rasiesmvaake raster,
p = 1E-7 bewteen anesthetized raster and awake5t3E-6 between anesthetized SLS and awake rasigp = 0.08
between anesthetized SLS and awake SLS.



