
Supplementary Figures 

 

Supplementary Fig.1. Description of cortical and pallidal single unit spike-shape and 

firing rate properties. dlPFC units and GPe units. (a) Spike width histogram. Cortical 

wide and narrow units were defined according to their spike width (trough to peak). Units 

with spike width that exceeded 3 SD over the mean were considered as outliers and 

excluded from the dataset. (b) Single unit firing rate (Nnarrow=321, Nwide=1736, Nhfd=1636 

units before outlier exclusion). On each box, the central line indicates the median, and the 

bottom and top edges of the box indicate the 25th and 75th percentiles, respectively. The 

whiskers extend to the most extreme data points within 1.5*IQR (interquartile range, equal 

to the length of the box) distance from the edge of the box. Narrow units had higher firing 

rate relative to wide units, in-line with their identification as putative interneurons and 

pyramidal cells, respectively. (c) Average spike shape of cortical wide (blue), narrow 

(orange), and pallidal high-frequency discharge (HFD) (gray) units. Source data are 

provided as a Source Data file. dlPFC: dorsolateral prefrontal cortex, GPe: globus pallidus 

pars externa, FR: firing rate, spk: spikes, s: second, ms: millisecond, uV: microvolt 
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Supplementary Fig.2. Behavioral effect of dopamine tone modulation. Dopamine 

modulation had an ongoing effect on eye behavior parameters including (a) pupil size, (b) 

saccade frequency, (c) saccade amplitude, (d) the percentage of time in which the monkey 

eyes were closed, (e) blink frequency. Upper row: average behavior as a function of time 

locked to drug injection (dashed line). N=224 days. Shadows indicate standard error of the 

mean (STE). Straight lines in the upper part of the panel mark time in which behavior post 

drug injection was significantly different from saline (Two-sample t-test with Bonferroni 

correction for multiple comparisons. See methods). Lower row: average over time 

(mean±STE). Each dot marks a single day and bars represent average over days. After 

outlier exclusion of samples that exceed 3 SD distance from the mean, N=216, 223, 224, 

222, and 221 for pupil size, saccade frequency, saccade amplitude, eye-closed probability, 

and blink frequency, respectively. Drug effects were assessed by one-way ANOVA 

followed by post-hot Tukey test (Table-S3). Dopamine up-modulation (Amp, Apo1) led to 

increased pupil size (a; Amp: p=8.3e-8, Apo1: p=0.032), saccade frequency (b; Amp: 

p=9.9e-9a) and amplitude (c; Amp: p=9.9e-9a), and blink frequency (E; Apo1: p=9.9e-9a), 

and decreased eye-closure probability (d; Amp: p=1.0e-8, Apo1: p=0.014). Dopamine 

down-modulation by haloperidol led to an opposite effect in all parameters excluding blink 

frequency (pupil size: p=1.3e-8, saccade frequency: p=1.0e-8, saccade amplitude: p=9.9e-

9a, eye-closure probability: p=9.9e-9a). The behavioral profile during Apo2 was similar to 

that of dopamine down-modulated post-haloperidol recording (Hal) (pupil size: p=0.018, 

eye-closure probability: p=1.2e-5).Results are detailed in Table-S3. Source data are 

provided as a Source Data file. *p<0.05, **p<0.01, ***p<0.001, apost-hoc p-value 

resolution was limited to 9.9e-9. Sal: saline, Amp: amphetamine, Apo1/2: Apomorphine 

phase 1/2, Hal: haloperidol, h: hours 

 

a b c d e 



 

 

 

 

Supplementary Fig.3 Identification of LFP oscillatory sites in NHPs. (a) Average normalized 

spectrogram (nPSD) of all (left), oscillatory (middle), and non-oscillatory (right) LFP sites in all drug 

conditions. (b) Fraction of oscillatory sites out of all the recorded sites in each condition. Drug effect 

was tested with chi-square test followed by pairwise comparisons with Bonferroni correction for multiple 

comparisons. Top row: dlPFC acute dopamine modulation. Middle row: GPe acute dopamine 

modulation. Bottom row: STN chronic dopamine modulation. Shadow indicates standard error of the 

mean. Legend includes counts of all, oscillatory, and non-oscillatory sites, respectively. Chronic MPTP 

increased the number of oscillatory LFP sites in the STN (chi-square test, N=63 LFP sites, p=0.009). 

Results are detailed in Supplementary Table 5. Source data are provided as a Source Data file. *p<0.05, 

**p<0.01,***p<0.001. LFP: local field potential, NHP: non-human primate, dlPFC: dorsolateral 

prefrontal cortex, GPe: globus pallidus pars externa, STN: subthalamic nucleus, Sal: saline, Amp: 

amphetamine, Apo1/2: Apomorphine phase 1/2, Hal: haloperidol, (n)PSD: (normalized) power spectrum 

density, osc: oscillatory, Freq: frequency, prob: probability 
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Supplementary Fig.4. Beta activity during eye-open and eye-closed states. Normalized 

LFP PSD in the dlPFC (top) and GPe (bottom) at times in which the monkey eyes were 

open (solid line) or closed (dashed line), presented for each drug condition. Shadows mark 

standard error of the mean (STE). Source data are provided as a Source Data file. nPSD: 

normalized power spectral density, Sal: saline, Amp: amphetamine, Apo: apomorphine, 

Hal: haloperidol 
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Supplementary Fig.5. Effect of eye state, open vs. closed, on beta oscillation 

properties. Eye state, open vs. closed, modulated beta frequency, beta peak, and area under 

curve (AUC) in the dlPFC and GPe. First and third columns: For each day, recording was 

divided into times at which eyes were open (filled bars) or closed (empty bars), normalized 

PSD (nPSD) and beta properties were calculated for each state. Each dot represents a single 

day and bars represent average over days. Whiskers mark the standard error of the mean 

(STE). Second and fourth columns: Each dot represents the difference in a given parameter 

between eye-open and eye-closed states for a single LFP site. First row: NdlPFC=142, 

NGPe=186 LFP sites which were oscillatory in both eye-state conditions. Second and third 

row: NdlPFC=565, NGPe=414 LFP sites. Bars mark the average difference over days and 

whiskers mark the STE. Eye-state effect was assessed using a two-way mixed-design 

ANOVA with eye-state as a within-factor and drug condition as a between-factor, followed 

by post-hoc pairwise comparison of eye-state effect within each drug with Bonferroni 

correction for multiple comparisons. Results reveal that within the different drug 

conditions, eye-closure was associated with a decrease in LFP beta-frequency in the dlPFC 

(Sal: p=0.035, Amp: p=2.1e-5, Apo1: p=4.0e-4) and GPe (Sal: p=6.2e-16, Apo1: p=7.5e-

28, Apo2: p=2.2e-5). Eye-closure effect on beta power depended on drug condition. During 

saline, Amp and Apo1 conditions eye-closure was associated with increase in beta power 

in the dlPFC (beta-peak: Amp: p=8.3e-11; beta AUC: Sal: p=2.1e-5, Amp: p=7.8e-5, 

Apo1: p=1.6e-10) and GPe (beta-peak: Apo1: p=0.02; beta AUC: Sal: p=6.2e-15, Apo1: 

p=6.5e-9). Conversely, During Apo2 and Hal conditions, eye-closure was associated with 

decrease in beta peak in the dlPFC (Apo2: p=4.5e-4, Hal: p=1.0e-5) and GPe (Apo2: 

p=7.4e-11, Hal: p=2.0e-6). Results are detailed in Table-S6. Source data are provided as a 

Source Data file. *p<0.05, **p<0.01, ***p<0.001. AUC: area under the curve, Sal: saline, 

Amp: amphetamine, Apo: apomorphine, Hal: haloperidol, diff: difference. 
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Supplementary Fig.6. Single unit FR. Top: cortical wide units. Amphetamine increased 

FR. Middle: cortical narrow units. No statistically significant results. Bottom: pallidal 

units. FR was increased by amphetamine and apomorphine (Apo1), and decreased by 

haloperidol. Bars indicate average values. Single points indicate individual unit values 

within the range of mean ± 3 SD. N=1715, 318 and 1627 wide, narrow and pallidal units. 

Black vertical lines indicate standard error of the mean. Drug influence was evaluated by 

Kruskal-Wallis test followed by post-hoc Tukey test. FR of cortical wide units was 

increased by Amp (p=2.8e-4). FR of pallidal units was increased by Amp (p=0.023) and 

Apo1 (p=9.4e-7) and decreased by Hal (p=6.0e-4). Results are detailed in Table-S7. Source 

data are provided as a Source Data file. *p<0.05, **p<0.01, ***p<0.001 Sal: saline, Amp: 

amphetamine, Apo1/2: Apomorphine phase 1/2, Hal: haloperidol, FR: firing rate. 
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Supplementary Fig.7. Identification of oscillatory units. (a) Average normalized 

spectrogram (nPSD) of all (left), oscillatory (middle), and non-oscillatory (right) single 

units for cortical wide (1st row), narrow (2nd row), pallidal (3rd row), and subthalmic (4th 

row) single units under acute (upper three rows) and chronic (4th row) dopamine 

modulation. Acute nPSDs normalized to extended range beta-power (5-40Hz) for 

presentation purposes. Shadow indicates standard error of the mean. (b) Percentage of 

oscillatory units out of total recorded units in each condition. Nwide =1715, Nnarrow=318, 

Npallidal=1627, NSTN=175 units. Drug effects were evaluated using chi-square test followed 

by pairwise comparisons with Bonferroni correction for multiple comparisons. 

Amphetamine increased the number of oscillatory units in cortical narrow units (p=0.027) 

and pallidal units (p=3.0e-4). Chronic MPTP increase the number of oscillatory units in 

the STN (p=1.1e-5). Legend includes counts of all, oscillatory, and non-oscillatory sites, 

respectively. Results are detailed in Table-S5. Source data are provided as a Source Data 

file. *p<0.05, **p<0.01, ***p<0.001. Sal: saline, Amp: amphetamine, Apo1/2: 

Apomorphine phase 1/2, Hal: haloperidol, nPSD: normalized power spectral density, Freq: 

frequency, osc: oscillatory, prob: probability. 
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Supplementary Fig.8. Comparisons of LFP beta activity in drug-naïve and control-

saline conditions. Average normalized PSD (nPSD) of all, oscillatory, and non-oscillatory 

LFP sites in drug-naïve and saline conditions within the dlPFC and GPe. Shadow indicates 

standard error of the mean. Legend includes counts of all, oscillatory, and non-oscillatory 

LFP sites for each condition, respectively. Results are detailed in Table-S8. Source data are 

provided as a Source Data file. nPSD: normalized power spectral density, Sal: saline, 

Freq:frequency. 
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Supplementary Fig.9. Comparisons of SUA beta activity in drug-naïve and control-

saline conditions. Average normalized PSD (nPSD) of all, oscillatory, and non-

oscillatory single units in drug-naïve and control-saline conditions within the cortical 

wide units, cortical narrow units, and pallidal units. Shadow indicates standard error of 

the mean. Legend includes counts of all, oscillatory, and non-oscillatory single units for 

each condition, respectively. Results are detailed in Table-S8. Source data are provided as 

a Source Data file. nPSD: normalized power spectral density, Freq: frequency, Sal: 

saline. 
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Supplementary Fig.10: Single unit magnitude-squared coherence in cortical narrow 

and pallidal pairs shows dopamine tone dependent shifts in beta frequency. Shadow 

indicates standard error of the mean. Only unit pairs that were simultaneously recorded 

for at least five minutes were included in this analysis. Source data are provided as a 

Source Data file. Freq: frequency, Sal: saline, Amp: amphetamine, Apo: apomorphine, 

Hal: haloperidol. 

 

 

 

 



 

Supplementary Fig.11. Acute up- and down-modulation of dopamine tone up- and 

down-shifts the beta frequency of maximal PLV in LFP pairs within the CBG 

network of NHPs. (a) Average PLV of dlPFC-dlPFC, GPe-GPe, and dlPFC-GPe LFP 

pairs. Time 0 indicates injection time. White line divides the post-apomorphine period into 

Apo1 and Apo2 phases. (b-d) Properties of PLV beta peak in dlPFC-dlPFC, GPe-GPe, and 

dlPFC-GPe LFP pairs under each drug condition. NdlPFC-dlPFC=1162, NGPe-GPe=745, NdlPFC-
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GPe=480 LFP pairs. (b) Average PLV during drug influence period (mean±STE) (c) 

Frequency of PLV peaks (mean±STE). Beta frequency was increased by Amp and Apo1 

and reduced by Apo2 and Hal in dlPFC-dlPFC (Amp: p=9.9e-9a, Apo1: p=0.007, Apo2: 

p=0.019, Hal: p=9.9e-9a) GPe-GPe (Amp: p=9.9e-9a, Apo1: p=9.9e-9a, Hal: p=9.9e-9a) and 

dlPFC-GPe (Amp: p=9.9e-9a, Apo1: p=2.9e-4, Hal: p=1.8e-6) LFP pairs. (d) Overall beta 

phase locking in the beta range was evaluated as area under the PLV curve (AUC) in 8-

24Hz range, and as the PLV peak within 8-24Hz frequency band  (mean±STE). dlPFC-

dlPFC PLV was increased by Amp (AUC: p=5.1e-6, peak: p=2.1e-6) and Hal (AUC: 

p=0.010, peak: p=0.012). GPe-GPe PLV was increased by Amp (AUC: p=7.8e-4, peak: 

p=5.3e-6) and Apo1 (AUC: p=1.9e-5, peak: p=2.4e-4). dlPFC-GPe PLV was increased by 

Amp (peak: p=7.6e-4), and Apo1 (AUC: p=1.7e-4, peak: p=0.014). (c-d) Single points 

indicate individual LFP pairs. Outlier values were excluded from the figure, for 

presentation purposes. Outlier values were defined as data points exceeding 8 standard 

deviations above the mean. Drug influence was evaluated by Kruskal-Wallis test followed 

by post-hoc Tukey test. Test Results are detailed in Table-S10. Source data are provided 

as a Source Data file. *p<0.05, **p<0.01, ***p<0.001, apost-hoc p-value resolution was 

limited to 9.9e-9. PLV: phase locking value, LFP: local field potential, CBG: cortico-basal 

ganglia, NHP: non-human primate, dlPFC: dorsolateral prefrontal cortex, GPe: globus 

pallidus pars externa, Sal: saline, Amp: amphetamine, Apo1/2: Apomorphine phase 1/2, 

Hal: haloperidol 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Supplementary Fig.12: Coherence in the ipsilateral pairs is greater than in the 

contralateral pairs in the dlPFC, but not in the GPe. Shadow indicates standard error 

of the mean. Source data are provided as a Source Data file. dlPFC dorsolateral prefrontal 

cortex, GPe globus pallidis pars externa, Sal: saline, Amp: amphetamine, Apo: 

apomorphine, Hal: haloperidol. 
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Supplementary Fig.13. Spectral activity of single units grouped by their oscillatory 

and LFP-entrainment classification. Units were classified in two independent processes 

as oscillatory or not, and as entrained to LFP beta activity or not (see methods). (A) 

Average normalized PSD (nPSD) of oscillatory and not entrained units (first column), 

oscillatory and entrained units (second column), non-oscillatory and entrained units (third 

column), non-oscillatory and not entrained units (fourth column). (B) Distribution of 

units into the aforementioned groups. Note the higher sensitivity of the entrainment 

analysis relative to the oscillation analysis. Entrainment analysis was based on LFP phase 

during spike occurrence, while oscillation analysis was based on beta peak prominence in 

the power spectrum. Top row: cortical wide units. Middle row: cortical narrow units. 

Bottom row: pallidal units. Shadow indicates standard error of the mean. Source data are 

provided as a Source Data file. Sal: saline, Amp: amphetamine, Apo: apomorphine, Hal: 

haloperidol, nPSD: normalized power spectral density, osc: oscillatory, ent: entrained, 

freq: frequency. 
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Supplementary Fig.14. Effect of acute and chronic dopamine modulation on LFP beta 

frequency in individual patients with PD. Each column shows data of a single patient. 

First row: Frequency of beta peak in the high beta domain as a function of time post-

surgery. Each point represents average per day of beta peak frequency in one STN on (red) 

and off (blue) DRT. Second row: Comparison of beta frequency on and off DRT. Each 

point represents average per day of beta peak frequency in one STN in days with both off 

and on DRT sessions. X axis – off DRT. Y axis – on DRT. Clustering of data-points above 

the diagonal line indicates a shift up in beta frequency in the on DRT condition relative to 

the off DRT condition. Third row: same as first row for low beta domain. Fourth row: same 

as second row for low beta domain. Patients can exhibit a peak in one or both beta domains. 

Gray dashed line indicates day 250 post-surgery. Recordings after this day were not 

included in the model to avoid exaggerated influence of jur01 data on MLEM results. 

Source data are provided as a Source Data file. freq: frequency, med:medication.  
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Fig S15. Effect of acute and chronic dopamine modulation on LFP beta power in 

individual patients with PD. Beta power was evaluated as area under the curve (AUC) of 

the normalized PSD (nPSD) in the high and low beta domains. AUC values were 

normalized relative to those collected during the first recording day after the surgery. Each 

column shows data of a single patient. First row: Beta power in the high-beta domain as a 

function of time post-surgery. Each point represents average per day of high-beta AUC on 

(red) and off (blue) DRT. Second row: Comparison of beta power on and off DRT. Each 

point represents average high-beta AUC in days with both off and on DRT sessions. X axis 

– off DRT. Y axis – on DRT. Clustering of data-points below the diagonal line indicates a 

decrease in beta power in the on DRT condition relative to the off DRT condition. Third 

row: same as first row for low beta domain. Fourth row: same as second row for low beta 

domain. Patients can exhibit a peak in one or both beta domains. Gray dashed line indicates 

day 250 post-surgery. Recordings after this day were not included in the model to avoid 

exaggerated influence of jur01 data on MLEM results. Source data are provided as a Source 

Data file. Norm: normalized, AUC: area under the curve, med: medication. 

H
ig

h
 b

et
a 

p
o

w
er

 
Lo

w
 b

et
a 

p
o

w
e

r 

No high 
beta 

oscillations 

No low  
beta 

oscillations 



Supplementary Fig.16. Effect of acute and chronic dopamine modulation on LFP 

coherence beta frequency in individual patients with PD. Each column shows data of a 

single patient. First row: Frequency of beta coherence peak in the high beta domain as a 

function of time post-surgery. Each point represents average per day of beta coherence 

peak frequency on (red) and off (blue) DRT. Second row: Comparison of beta coherence 

frequency on and off DRT. Each dot represents average of beta coherence frequency in the 

high beta domain in days with both off and on DRT sessions. X axis – off DRT. Y axis – 

on DRT. Clustering of data-points above the diagonal line indicates a shift up in beta 

coherence frequency in the on DRT condition relative to the off DRT condition. Third row: 

same as first row for low beta domain. Fourth row: same as second row for low beta 

domain. Patients can exhibit a peak in one or both beta domains. Gray dashed line indicates 

day 250 post-surgery. Recordings after this day were not included in the model to avoid 

exaggerated influence of jur01 data on MLEM results. Source data are provided as a Source 

Data file. freq: frequency, med: medication. 
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Supplementary Fig.17. Effect of acute and chronic dopamine modulation on beta 

synchrony in individual patients with PD. Beta synchrony is evaluated as area under the 

curve (AUC) of the coherence in the high and low beta domains. AUC values were 

normalized relative to those collected during the first recording day after the surgery. Each 

column shows data of a single patient. First row: Beta synchrony in the high beta domain 

as a function of time post-surgery. Each point represents average per day of normalized 

beta AUC on (red) and off (blue) DRT. Second row: Comparison of beta synchrony on and 

off DRT. Each dot represents average per day of normalized beta AUC in the high-beta 

domain in days with both off and on DRT sessions. X axis – off DRT. Y axis – on DRT. 

Clustering of data-points below the diagonal line indicates a decrease in beta synchrony in 

the on DRT condition relative to the off DRT condition. Third row: same as first row for 

low beta domain. Fourth row: same as second row for low beta domain. Patients can exhibit 

a peak in one or both beta domains. Gray dashed line indicates day 250 post-surgery. 

Recordings after this day were not included in the model to avoid exaggerated influence of 

jur01 data on MLEM results. Source data are provided as a Source Data file. AUC: area 

under the curve, med: medication, Norm: normalized.  

 

H
ig

h
 b

et
a 

sy
n

ch
ro

n
iz

at
io

n
 

Lo
w

 b
et

a 
sy

n
ch

ro
n

iz
at

io
n
 

No high 
beta 

oscillations 

No high 
beta 

oscillations 



Supplementary Tables  

 

 

Supplementary Table 1. Number of LFP sites and single units in the NHP dataset. 

(a) Acute dopamine modulation experiment. (b) Chronic dopamine modulation 

experiment. LFP: local fiels potential, Sal: saline, Amp: amphetamine, Apo: 

apomorphine, Hal: haloperidol.  
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Pts. Number of  

recording days 

OFF/ON (both) 

DRT 

Number of  

recording 

sessions  

OFF/ON DRT 

Number of 

observations 

(sessions*sites) 

OFF/ON DRT 

Jur 01 10/11 (8) 13/19 156/228 

Jur 03 8/5 (3) 10/6 120/72 

Jur 05 6/4 (1) 9/4 81/36 

Jur 06 5/10 (5) 11/19 132/228 

Total 29/30 (17)  43/48 489/564 

 

Supplementary Table 2. Patient recording dataset. Each recording day has either only 

on DRT recording sessions, only off DRT sessions, or both. In column two, days with on 

and off sessions are counted both as off day and as an on day. Pts: patients, DRT: dopamine 

replacement therapy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Supplementary Table 3. Drug effects on eye physiology. (a) Descriptive statistics (b) 

One-way ANOVA test results. Effect size was estimated by η2 measurement (c) Post-hoc 

results. p: p value, result of Tukey post-hoc test. g: effect size estimated by Hedge’s g. 

Comparisons that did not reach statistical significance and didn’t require post-hoc test are 

marked with a dash. Results are presented in Fig.S2. Source data are provided as a Source 

Data file. Sal: saline, Amp: amphetamine, Apo: apomorphine, Hal: haloperidol,  
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Supplementary Table 5. Probability of oscillatory LFP sites/single units. (a) 

Descriptive statistics, acute dopamine modulation experiment. (b) Descriptive statistics, 

chronic dopamine modulation experiment. (c) Chi-square test results.  Effect size was 

estimated by Cramer’s V for the acute modulation experiment, and Ф for the chronic 

modulation experiment (d) Results of post-hoc comparison with Bonferroni correction for 

multiple comparisons. p: p-value of 2x2 Chi-square test with drug condition and 

oscillation status (oscillatory vs non-oscillatory) as factors. Ф: effect size. Results are 

presented in Figures S3 (LFP) and S7 (SUA). Source data are provided as a Source Data 

file. LFP: local field potential, dlPFC dorsolateral prefrontal cortex, GPe globus pallidis 

pars externa, STN: subthalamic nucleus, Sal: saline, Amp: amphetamine, Apo: 

apomorphine, Hal: haloperidol. 
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Supplementary Table 6. Beta properties as a function of drug condition and eye-state. (a) 

Two-way mixed-design ANOVA results with beta properties as dependent factors, drug condition 

as between-observation independent factor, and eye-state as within-observation independent factor. 

Eye state*drug marks the interaction effect. The test was conducted separately for each beta 

property. Only sites that were oscillatory in both eye-state conditions were included in the beta 

frequency analysis. (b) Post-hoc results. Post-hoc test compared the beta properties between the 

two eye-states (open vs closed) within each drug condition, and used Bonferroni correction for 

multiple comparisons. Source data are provided as a Source Data file. o: open; c: closed; STE: 

standard error of the mean.  dlPFC dorsolateral prefrontal cortex, GPe globus pallidis pars externa, 

Sal: saline, Amp: amphetamine, Apo: apomorphine, Hal: haloperidol, AUC: area under the curve, 

F: frequency, DF: degrees of freedom; o-c: open-closed, sig: significance  
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Supplementary Table 12. Properties of LFP HF beta PAC. (a) Descriptive statistics. 

(b) Results of one-way anova tests with PAC properties as dependent factors and drug 

condition as independent factor. Test was conducted for each PAC property (i.e. each row) 

separately. (c) Post-hoc Tukey test results. p-p value, results of Tukey post-hoc test. g-

effect size estimated by Hedge’s g.  Comparisons that did not reach statistical significance 

and didn’t require post-hoc test are marked with ---. Results are presented in Figure 6. 

Source data are provided as a Source Data file. PAC: phase amplitude coupling, f: 

frequency, SD: standard deviation, dlPFC dorsolateral prefrontal cortex, GPe globus 

pallidis pars externa, Sal: saline, Amp: amphetamine, Apo: apomorphine, Hal: haloperidol, 

HF: high frequency. 

 

 

 

 



 

 

 

Supplementary Table 13: Time and DRT effects on beta properties in PD patients. To 

estimate the effect of time and DRT on beta properties in patients with PD, a mixed linear 

effect model (MLEM) was constructed for each dependent variable (columns 1 and 2). The 

model included fixed effect terms for time, DRT and their interaction (column 3). The 

resulted estimated coefficients are presented in column 4. One-way ANOVA was used on 

the model output to determine the significance of each factor. ANOVA results are 

presented in columns 4-7. Note that a separate model was constructed for high-beta and 

low-beta properties. Subjects were clustered as having low-beta, high-beta or both and 

traces were included in the analysis accordingly. i.e. If a subject had low-beta, all his traces 

were included in the low-beta analysis and the same for high-beta. Only traces with 

significant beta peaks were included in the frequency models. Time x DRT estimated-

coefficient represents time effect given on DRT condition, in addition to the main time 

effect. A significant positive estimated-coefficient indicated that time slope in the on DRT 

condition was significantly more positive (or less negative) than time slope in the off DRT 

condition, and vice versa for negative values. Source data are provided as a Source Data 

file. nPSD: normalized power spectral density, DF: degrees of freedom, AUC: area under 

the curve, DRT: dopamine replacement therapy 

 



 

 

 

Supplementary Table 14: Patient demographics and treatment. 


