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Supplementary Figure 1. The total power LFP analys and recording with thicker electrodes

a There is no difference in the total power from3B2Hz LFP spectral analysis of 5-minute
recordings in open field tests (OFT) between cdmtnal parkinsonian (6-OHDA) rats in both MC
and STN. The analyses are from the same recordirfgg. 1 (n = 29 recordings from 10 control
rats, n = 20 recordings from 11 parkinsonian ratg)Left: Average PSD spectra of LFP recordings
in STN using 384m (data from Fig. 1) or 6@m electrodes from 20 and 9 parkinsonian rats in OFT
respectively. There is a better detection offffpeak in STN with thicker electrodes (star mark).
Right: PSD spectra of a 2-minute LFP recording FTGhows a more prominefitpeak in MC than

in STN from a parkinsonian rat where thicker (64) electrodes are implanted in STNc Average
PSD spectra in STN recorded with | electrodes show a marked increase btt notp power
from rest to movement in parkinsonian rats (n sségments during 10-second continuous rest or
movement periods from 9 rats)d The band power analysis from pareveals a significant
increase of the power and decrease of thg@ower from rest to movement in parkinsonian

rats. The3 band power shows no difference from rest to movemeThe results are similar to
those obtained with 38m recording electrodes in Fig. 1. PSD spectrgpeagsented as mean (solid
curves) = standard deviation (shaded areas). Data in bahgrare presented as meais.E.M.

and analyzed with Mann-Whitney U tests. *p < 08%p < 0.001, N.S., nonsignificant.



Supplementary Figure 2
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Supplementary Figure 2. The analysis of cortico-suithalamic coherence in control and
parkinsonian rats.

a The average coherence spectra from continuousbtenLFP recordings reveal slightly higher
MC-STN coherence in frequencies and significantly lower coherencé frequencies in control
than in parkinsonian (6-OHDA) rats. The coherendg frequencies shows little difference. n =
29 and 20 recordings from 10 control and 11 padaien (6-OHDA) rats, respectively.b The
average MC-STNoherencepectra show a marked increase of MC-Silédherence from rest to
movement in both control (blue) and parkinsonias (eed). Data are collected from the same
rats in Fig. 2and 3. n =52 and 50 matched setgy#mest and movement from 10 control and 11
parkinsonian rats, respectivelyc, d Representative coherence spectrograms (top) achinges
of a coherence (middle, upper) reveal a trend of p@sitbrrelation betweesm coherence and
moving velocity in OFT (grey areas, middle, lowir) control €) and a parkinsoniam) rats.
Cross-covariance analysis between time-vargircpherence and moving velocity (bottom) also
reveals a peak of correlation coefficient at zaretlag in both control and parkinsonian rats.
There is little or just a low-level correlation ietend coherence and moving velocity in both
cases. PSD spectra are presented as mean (suidcti standard deviation (shaded areas).
Data in bar graphs are presented as me&iE.M. and analyzed with Mann-Whitney U tests*p *
<0.01, N.S., nonsignificant.
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Supplementary Figure 3. Inclusion criteria for ele¢rophysiological analysis according to
behavioral states.

The offline-analyzed LFP, multi-unit spikes, ande® recordings from each 5-minute OFT were
inspected simultaneously second to second by agriexpnter. Segments with 10-seconds of
continuous rest or movement in video recording&euit high voltage spindles or mechanical
artefacts were included. States of high voltageddgs (HVS) were electrophysiologically
recognized as a generalized high-amplitude (m@ex2 mV) spike-and-wave pattern at 5-10 Hz
in LFP, with concomitant generalized bursts at 3-Z0n spike recordings and with an abrupt onset
and end. Behaviorally, the rat was motionlessatassénce-like” in the video. The movement or
mechanical artifacts (blue arrows) were typicadlgagnized by the criteria detailed in Methods.
The segments were included from the beginning ainding by each 10 seconds, until HVS,
artefacts, or discontinuation of the behavioratesteere encountered. The moving velocity of
collected segments was calculated by the videditrgsystem, and segments with velocity < 2.5
cm/s for rest and > 4 cm/s for movement were iretlids primary segments for further analysis.
For LFP and MU analysis comparing control and 6-@HPigs. 2, 3, 4, and 5), matched rest and
movement segments were included in chronologiacdor For MC MU and STN burst analysis in
STN-DBS study (Fig. 8, f and g), matched rest alnd@ment in baseline and DBS were included in
reversed chronological order. For dissimilaritalgsis (Figs. 6 and 8, i), all primary segmentswit
> 5 leads with MU spike rate 5 Hz were included. For LFP analysis comparirifiecént

movement states during STN-DBS (Fig. 8d), primagrsents for movement were further classified
into type 1 and type 2 movement according to thewicriteria of type 2 movement (see Methods).
Scale bars represent 1s/580



Supplementary Figure 4
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Supplementary Figure 4. Histological examination othe location of recording electrodes and
dopamine depletion by 6-OHDA.

a, b The locations of the recording electrode tipsi@ated by black arrow heads) in MC and STN
are confirmed by coronal section of rat brains witystal violet (Nissl) staining. The right pamel
zoomed from the black box in the left panel to shbevlocations. c, d Images of tyrosine
hydroxylase immunohistochemistry from a rat withlateral 6-OHDA lesion. There is unilateral
loss of dopaminergic innervation in the ipsilatestaiatum ¢, red arrow heads) and the substantia
nigra pars compacta and the ventral tegmental(dread arrow heads).
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Supplementary Figure 5. Scatter plots for individud data from the dataset of bar graphs in
which n < 10.



Supplementary Table 1.Reports of the statistical analysis results.

Fig. 1: Mann-Whitney U test

Variables P (2-tailed)
Control vs. MC alpha .002
6-OHDA MC delta 640
MC beta .064
STN alpha .009
STN delta .063
STN beta .823

Fig. 2c: 2 x 2 mixed model ANOVA

Main effect df F Simple main effect F

MC alpha Control vs 6-OHDA 1 5.695 .019| Rest 8.07 .00
(Between-subjects) Move 691 207
Rest vs Move 1 153.096 .000| Control 59.49 .0Q
(within-subject) 6-OHDA 95.376 1000
Interaction 1 2.474 114
Error 100

MC delta Control vs 6-OHDA 1 2.128 .148| Rest .07 .78
(Between-subjects) Move 2.483 035
Rest vs Move 1 25.639 .000| Control 6.09 .01
(within-subject) 6-OHDA 21.826 1000
Interaction 1 2.585 111
Error 100

Fig. 3c, 3h: 2 x 2 mixed model ANOVA
Main effect df F Simple main effect F

STN alpha | Control vs 6-OHDA 1 12.058 .001] Rest 3.60 .04
(Between-subjects) Move 11.082 001
Rest vs Move 1 519.595 .000| Control 290.85 .0
(within-subject) 6-OHDA 231.096 1000
Interaction 1 1.180 .28
Error 100

STN delta Control vs 6-OHDA 1 10.638 .002| Rest 9.59 .0(
(Between-subjects) Move 3.953 048
Rest vs Move 1 96.546 .000| Control 40.76 .00
(within-subject) 6-OHDA 56.260 1000
Interaction 1 .784 .37§
Error 100

Coherence | Control vs 6-OHDA 1 1.354 .247| Rest 1.33 .24

alpha (Between-subjects) Move 363 47
Rest vs Move 1 98.913 .000| Control 46.26 .00
(within-subject) 6-OHDA 52.702 1000
Interaction 1 177, .674
Error 100

Coherence | Control vs 6-OHDA 1 .102 .751| Rest 1.73 .19

delta (Between-subjects) Move 588 444
Rest vs Move 1 38.047 .000| Control 8.68 .0Q
(within-subject) 6-OHDA 33.052 1000
Interaction 1 4.168 .044
Error 100




Fig. 4a: 2 x 2 mixed model ANOVA

Main effect df F P Simple main effect

MC beta Control vs 6-OHDA 1 18.665 .000| Rest 14.126 .000
(Between-subjects) Move 20588 000
Rest vs Move 1 612 .436| Control 0.19 6683
(within-subject) 6-OHDA 2321 129
Interaction 1 1.940Q .161
Error 100

STN beta Control vs 6-OHDA 1 .196 .659| Rest 1.724 191
(Between-subjects) Move 303 583
Rest vs Move 1 15.957 .000| Control 17.287 .000
(within-subject) 6-OHDA 5303 131
Interaction 1 3.340 .07
Error 100

Coherence | Control vs 6-OHDA 1 .103 .749| Rest .00L 974

beta (Between-subjects) Move 390 591
Rest vs Move 1 444 .507| Control .00¢4 .93B
(within-subject) 6-OHDA 732 390
Interaction 1 .311 578
Error 100

Fig. 4d, left: Wilcoxon signed rank test

Variables P (2-tailed)
Low beta vs. High beta MC MU Spike rate .089
Fig. 4d, right: Mann-Whitney U test
Variables P (2-tailed)

Beta < 10% vs. Beta > 20% MC MU Spike rate .go1

Fig. 5b, d, f, h: 2 x 2 mixed model ANOVA
Main effect df F P Simple main effect

MC MU Control vs 6-OHDA 1 64.750 .000] Rest 57.956 .000

spike (Between-subjects) Move 66578 000
Rest vs Move 1 8.081 .005( Control 9.074 .003
(within-subject) 6-OHDA 1.056 304
Interaction 1 1.891 .16
Error 712

STN MU Control vs 6-OHDA 1 .510 475| Rest 1.916 .166

spike (Between-subjects) Move 000 989
Rest vs Move 1 10.269 .001| Control 0.27D .604
(within-subject) 6-OHDA 15.831 1000
Interaction 1 6.137 .013
Error 712

MC MU Control vs 6-OHDA 1 17.402 .000] Rest 2.885 .092

temporal (Between-subjects)

change Move 25.699 .000
Rest vs Move 1 34.686 .000| Control 38.471 .000
(within-subject) 6-OHDA 4522 035
Interaction 1 8.307 .004
Error 68

STN MU Control vs 6-OHDA 1 1.14( .29l Rest 4.0p8 470




temporal (Between-subjects) Move 127 722
change I pestvs Move 1 1.090 301] Control 0.32p 569
(within-subject) 6-OHDA 4637 034
Interaction 1 3.541 .06¢
Error 50
Fig. 6e, i: 2 x 2 independent model ANOVA
Main effect df F P Simple main effect P
MC time Control vs 6-OHDA 1 .134 .71% Rest .074 .786
Qerage of Move 061 806
Rest vs Move 1 11.97 .00 Control 5.0p7 .27
6-OHDA 7.380 .008
Interaction 1 .000 .991
Error 118
MC total Control vs 6-OHDA 1 8.490 .004 Rest 1.543 217
FS"(’t‘;V‘” of Move 8.123 1005
Rest vs Move 1 8.714 .004  Control 7.247 .gos
6-OHDA 1.903 .170
Interaction 1 1.413 .231
Error 118
STN time Control vs 6-OHDA 1 418 519 Rest .166 .684
average of Move 1.728 191
Rest vs Move 1 .011 916 Control 1.125 201
6-OHDA .510 AT7
Interaction 1 1.490 .22
Error 106
STN total Control vs 6-OHDA 1 5.241 .024  Rest 3.767 .0b5
g‘(’t‘;ver of Move 1.688 197
Rest vs Move 1 3.824 .058  Control 3.685 .58
6-OHDA .938 .335
Interaction 1
Error 106
Fig. 7a, Evoked: Friedman tests
Variables P (2-tailed)
Control Burst duration (s) .00d
10 Hz vs 20 Hz vs 50 Hz
6-OHDA Burst duration (s) .204
10 Hz vs 20 Hz vs 50 Hz
Fig. 7a, Evoked: Wilcoxon signed rank test
Variables P (2-tailed)
Control Burst duration (s) .017
10 Hz vs. 20 Hz
Control Burst duration (s) .011
20 Hz vs. 50 Hz
Control Burst duration (s) .017
10 Hz vs. 50 Hz
Fig. 7a, Spontaneous: Mann-Whitney U test
Variables P (2-tailed)
Control vs 6-OHDA %time in burst .00p




Fig. 7b: Friedman tests

Variables P (2-tailed)
10 Hz stimuli Burst duration (s) 717
2vs3vs4
20 Hz stimuli Burst duration (s) .364
2vs3vs4
50 Hz stimuli Burst duration (s) 779
2vs3vs4
Fig. 7c, left: Friedman tests
Variables P (2-tailed)
Saline vs DA (2-3 min) vs Burst rate (mirt) .003
DA (4-5 min)
Fig. 7c: Wilcoxon signed rank test
Variables P (2-tailed)
Saline vs DA (2-3 min) Burst rate (min .043
DA (2-3 min) vs DA (4-5 Burst rate (mirf) .026
min)
Saline vs DA (4-5 min) Burst rate (min .027
Saline vs DA (2-3 min) Burst duration (s) .046
Fig. 8a: ANCOVA
Dependent | Covariate | df Error Behavioral variables F P
variable
DBS Sham 1 19| Total distance 30.277 .0po
Fast moving time 10.407 .004
Max speed 15.5%4 .000
Rest time 43.52( .00

#Johnsor-Neyman methoc

Fig. 8c: Mann-Whitney U test
Behavioral variables P (2-tailed
Typel vs Type 2 Mean speed .008
High activity mean duration .310

Fig. 8d: one-way ANOVA

Dependent | df Error F P Games-Howell | P 95% Confidence Interval
variables post hoc test Lower Bound | Upper Bound
MC alpha 1 19| 23.8267 .000 Rest-Typel .000 -6.0977  -2.9629
Rest-Type2 .089 -4.124p .2588
Typel-Type2 .036| 1493 5.0458
STN alpha 1 19 47.073 .00p Rest-Typel .goo -1406p3 -8.7138
Rest-Type2 .002 -9.3318 -2.2845
Typel-Type2 .004| 1.6834 10.0770
Coherence 1 19 3.633 .028 Rest-Typel .020 -.07R3 -.0051
alpha Rest-Type2 721 1209 0648
Typel-Type2 951 -.0824 .1043
MC delta 1 19 3.63§ .02 Rest-Typel 278 -1.2768 9890
Rest-Type2 144 -12.474p 1.5488
Typel-Type2 026 -14.766} -8717




STN delta 1 19 9.287 .00p Rest-Typel .goo 3.2P56 .604B
Rest-Type2 131 -1.8396 16.3003
Typel-Type2 999 9.317% 8.9679
Coherence 1 19 14.244* .000 Rest-Typel .000 .04p7 .1102
delta Rest-Type2 220 ~0400 1216
Typel-Type2 479 -.1139 .0426
MC beta 1 19 3.079 .048 Rest-Typel 261 -3.7658 2173
Rest-Type2 .264 -1.5564 6.9512
Typel-Type2 .054 -.0602 8.4888
STN beta 1 19 2.409 .09B Rest-Typel .61 -.5p70 941.(
Rest-Type2 .484 -3.8574 1.4646
Typel-Type2 .344 -4.1689 1.1884
Coherence 1 19 4117 .018§ Rest-Typel 440 -.0100 .0314
beta Rest-Type2 047 10006 10947
Typel-Type2 139 -.0102 .0840
*Welch's F tes

Fig. 8f, g: 2 x 2 dependent model ANOVA

Main effect df F P Simple main effect P
MC MU Baseline vs DBS 1 6.674 .011 Rest 1.082 .299
spike rate Move 817 367
Rest vs Move 1 2.214 13D Baseline A3 137
DBS 224 .636
Interaction 1 .082) 778
Error 146
Error (all) 587
STN burst | Baseline vs DBS 1 12.278 .025 Rest 9.196 .008
rate Move 3478 081
Rest vs Move 1 .534 .504 Baseline .8p0 .379
DBS .069 797
Interaction 1 3.451) 437
Error 4
Error (all) 19
Fig. 8i: 2 x 2 independent model ANOVA
Main effect df F P Simple main effect P
MC total Baseline vs DBS 1 .23% .628 Rest 1.759 .187
gc(’t‘;v er of Move 360 549
Rest vs Move 1 3.26 .074 Baseline 102 749
DBS 5.014 .027]
Interaction 1 1.827 A79
Error 117
Fig. 9a: Wilcoxon signed rank test
Variables P (2-tailed)
%I AV (mV) .043
30~60 vs 80~100




Fig. 9e: Friedman tests

Variables P (2-tailed)
%I Burst duration (s) .007
0 vs 30~60 vs 80~100
Fig. 9e: Wilcoxon signed rank test

Variables P (2-tailed)
%I Burst duration (s) .024
0 vs 30~60
%I Burst duration (s) .043
30~60 vs 80~100
%I Burst duration (s) .043

0 vs 80~100

Fig. Sla, d: Mann-Whitney U test

Variables P (2-tailed)
Control vs. MC total power .760)
6-OHDA STN total power 122

Variables P (2-tailed)
Rest vs. Move STN alpha .000

STN delta .043

STN beta .550)
Fig. S2a: Mann-Whitney U test

Variables P (2-tailed)
Control vs. Coherence alpha .13B
6-OHDA Coherence delta .009

Coherence beta .45p




