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Supplementary Figure. 1. iSPNs in RC LRRK2 mice have decreased excitability.  

Same as Figure 1 with individual data points shown.  

 

 

 

 

 

 

 

 

 

 



 

 

 
Supplementary Figure 2. Maximal firing across sweeps. 
RC versus WT maximal firing values across recording sweeps per cell restricted to the injection 
range of 0–800 pA. b. GS versus WT maximal firing values across recording sweeps per cell are 
restricted to the injection range of 0–800 pA. Only for iSPNs in RC mice were there differences, 
where only the maximum firing was decreased (spikesWT = 23.0 ± 4.5, n = 16 cells; spikesRC = 
18.5.0 ± 3.5, n = 16 cells; p = 0.0114, Mann–Whitney U test). *denotes p < 0.05. See 
Supplementary Table 3 for complete sample sizes and statistical results. *denotes p < 0.05.  

 

 

 

 

 



 

 

 
 

Supplementary Figure 3. General membrane electrophysiological properties. a. General 
membrane properties for the rheobase, capacitance, input resistances, and resting membrane 
potential in RC and WT mice. The membrane capacitance in RC mice was increased for 
iSPNs(CmWT = 68.83 ± 13.89, n = 27 cells; CmRC = 87.38 ± 13.34, n = 27 cells; p = 0.0388, Mann–
Whitney U test). b. General GS versus WT passive membrane properties. The rheobase in RC 
mice was increased for both dSPNs (rheobaseWT = 250 ± 25, n = 13 cells; rheobaseRC = 325 ± 
50, n = 29 cells; p = 0.0078, Mann–Whitney U test) and iSPNs (rheobaseWT = 162.5 ± 87, n = 20 
cells; rheobaseRC = 225 ± 50, n = 28 cells; p = 0.0046, Mann–Whitney U test). * denotes  p < 0.05. 
See Supplementary Table 4 for complete sample sizes and statistical results. 



 

  
Supplementary figure 4. Action potential characteristics. a.RC versus WT spike threshold, 
interspike interval (ISI), full width at half maximum (FWHM), and rate of change of voltage after 
action potential depolarization. The ISI of iSPNs in RC mice were increased (ISIWT = 8.0 ± 1.0 ms, 
n = 17 cells; ISIRC = 9.4 ± 1.2, n = 19 cells; p = 0.0020, Mann–Whitney U test). b. GS versus WT 
spike threshold, interspike interval (ISI), full width at half maximum, and rate of change of voltage 
after action potential depolarization (dV/dt). The ISI of iSPNs in GS mice were decreased (ISIGS 
= 8.95 ± 1.85 ms, n = 20 cells; ISIGS = 7.15 ± 1.05, n = 28 cells; p = 0.0401, Mann–Whitney U 
test). The FWHM of iSPNs in GS mice were increased (FWHMGS = 1.54 ± 0.14, n = 16 cells; 
FWHMGS = 1.72 ± 0.11, n = 19 cells; p = 0.0039, Mann–Whitney U test). * denotes p < 0.05. See 
Supplementary Table 5 for complete sample sizes and statistical results. 
 



  
Supplementary Figure 5. Paired-pulse ratio and 95%–5% EPSC decay time analysis of 
corticostriatal input. a. Representative brightfield photomicrograph of a voltage-clamp recording 
of a WT dSPN in a parasagittal slice. GPe, external globus pallidus. b. Magnified fluorescent 
photomicrograph of the recorded dSPN in panel a. Pipette loading of Alexa Fluor 647 for live cell 
visualization was performed with confocal imaging. The identity of SPNs were confirmed by 
somatic morphology and high density of dendritic spines, characteristic of SPNs. Inset: magnified 
view of the boxed region showing a dendritic segment that is heavily decorated with spines. c. 
Top: Scatter plot of average first excitatory postsynaptic currents (EPSC) amplitudes per cell 
versus stimulation intensities showing majority of responses lie between 200–500 pA. Bottom: 
Mean voltage-clamp recordings of the dSPN shown in b. Paired-pulse stimulation of the cortex at 



20 Hz elicited a pair of EPSCs. Below mean trace: Magnified view of the second EPSC amplitude 
and decay. The red portion depicts the 95%–5% decay time. d. Population data of paired-pulse 
ratios (PPR) of SPNs from WT and RC mice. No differences were found in dSPNs (PPRWT = 1.31 
± 0.10, n = 14 cells; PPRRC = 1.33 ± 0.15, n = 17 cells; p = 0.18, Mann–Whitney U test). Similarly, 
there were no changes in iSPNs (PPRWT = 1.28 ± 0.14, n = 13 cells; PPRRC = 1.54 ± 0.25, n = 18 
cells; p = 0.11, Mann–Whitney U test). e. Population data of the 95%–5% EPSC decay times of 
SPNs from age-matched WT and RC mice. An increase in the 95%–5% decay times in the iSPNs 
of RC mice compared to WT was found (DecayWT = 61.1 ± 38.7 ms, n = 13 cells; DecayRC = 139.5 
± 81.1 ms, n = 18 cells; p = 0.036; Mann–Whitney U test). For dSPNs, no differences were found 
(DecayWT = 88.7 ± 40.3 ms, n = 14 cells; DecayRC = 182.9 ± 136.0 ms, n = 17 cells; p = 0.13, 
Mann–Whitney U test). * denotes p < 0.05. See Supplementary Table 6 for complete sample sizes 
and statistical results. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
Supplementary figure 6. Effect of D1 or D2 antagonism on dopamine-dependent motor 
learning. Rotarod performance of WT, RC, and GS mice that were administered antagonists for 
either D1 (SCH23390) (a–b) or D2 receptors (eticlopride) (c–d), 30 min prior to training for the 
first five days. Solid traces are saline control plotted in Figure 3b for reference. b and d. Averaged 
latency of saline control (open bars) and drug-treated mice (filled bars). Early and late refer to 
sessions 6–8 and 16–18, respectively, of the no drug recovery phase (D1R antagonist treated 



groups: nWT = 11, nRC = 11, and nGS = 9 mice; D2R antagonist treated groups: nWT = 9, nRC = 14, 
and nGS = 10 mice; *** p < 0.001 vs genotype-matched saline control). e–f. The motor learning 
deficit induced by dopamine antagonism was not observed in RC mice pre-treated with the 
LRRK2 inhibitor MLi-2 (5mg/Kg), which was administered daily, 60 min prior to training throughout 
the rotarod task (sessions 1-18). MLi-2 treated mice were coadministered with either saline (open 
circles) or antagonist cocktail (closed circles). Dash and solid lines, respectively, represent the 
saline control or dopamine receptor antagonist treated groups. Inset shows a decrease in S935 
LRRK2 phosphorylation, reflecting LRRK2 kinase activity in WT mice after 60 min MLi-2 
administration. f. Average latency in blocks of 3 sessions during the drug-free phase from e. RC 
with D1+D2 antagonists: n = 11 mice; MLi-2 with D1+D2 antagonists: n = 11 mice; ** p < 0.01). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplementary Figure 7. Dopamine signaling component levels across LRRK2 mutations. 
a. Workflow schematic for striatal extract subcellular fractionation method. P2 (crude 
synaptosomal) fraction was used in the following WB experiments. WB shows the relative 
enrichment of PSD95 in the P2 fractions b. Representative WB analysis of WT, RC, and GS P2 
fractions probed for LRRK2, D1R, D2R, DAT, p-T34-DARPP32 and DARPP32, PSD95, and actin, 
as shown. c–g. Quantification of PSD95 normalized to β-actin shows no differences in PSD95 
expression across genotypes. LRRK2, D1R, D2R, DAT, and p-T34-DARPP32 normalized to 
PSD95. Summary graphs reflect the mean and error bars reflect SEM, * p < 0.05, unpaired t-test 
(n = 5–10). 

 

 



 
 

Supplementary Figure 8. Pathway and network analysis of the differentially expressed 
proteins in the RC and GS rotarod trained mice.  
KEGG pathway (a, c) and network (b, d) analysis of top enriched pathways in RC and GS versus 
WT pairwise comparisons. KEGG annotated pathways with strength (log10 observed/expected) 
≥ 1 were considered the top altered annotated pathways in the pairwise comparisons. 



 
 

 

Supplementary Figure 9. Unprocessed scans of Western blots. a-g. The Figure panel where 
the corresponding Western blots are found is indicated on the top of each gel. The dashed box 
indicates the area of the scan presented in the relevant Figures.  
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