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Supplementary Methods

Single-nucleus RNA-Seq datasets and analytical workflow

Single-nucleus RNA sequencing (snRNA-seq) profiles were obtained from four independent
postmortem human cohorts archived in the Gene Expression Omnibus (GEQO). The primary dataset
(GSE178265), enriched for neuronal nuclei by fluorescence-activated nuclei sorting (FANS), was
generated from substantia nigra pars compacta (SNpc) tissue and stratified by NR4A2 expression
into NR4A2-positive (NR4A2*) and NR4A2-negative (NR4A2") fractions [1]. The NR4A2* fraction
was enriched for dopaminergic nuclei, whereas the NR4A2~ fraction represented the complementary
non-dopaminergic population. The NR4A2* subset comprised 42 donors, including 21 controls (4
males, 17 females; mean age 82.0 years, median age 90 years) and 21 PD cases (10 males, 11
females; mean age 80.5 years, median age 82 years) (Supplementary table 13). The NR4A2™ subset
comprised 29 donors, including 16 controls (4 males, 12 females; mean age 80.3 years, median age
82 years) and 13 PD cases (9 males, 4 females; mean age 82.0 years, median age 82 years)
(Supplementary table 14).

To support cross-region and cross-cohort validation, three additional datasets were incorporated.
GSE243639 included SNpc nuclei from 29 postmortem donors: 14 controls (9 males, 5 females;
mean age 75.5 years, median age 79 years) and 15 sporadic PD cases (11 males, 4 females; mean
age 82.0 years, median age 82 years) [2] (Supplementary table 15). GSE161045 profiled the
pericommissural putamen and included four controls (2 males, 2 females; mean age 79.0 years,
median age 78.5 years) and four PD cases (2 males, 2 females; mean age 73.0 years, median age
73 years) [3] (Supplementary table 16). GSE157783 comprised midbrain tissue from idiopathic PD
cases and matched controls, totaling six controls (5 males, 1 female; mean age 83.0 years, median
age 86 years) and five PD cases (4 males, 1 female; mean age 77.4 years, median age 79 years)
[4-6] (Supplementary table 17).

All datasets were processed using a unified pipeline in R v4.5.0 with Seurat v5.3.0 [7]. Filtering was
performed at the level of individual samples to minimize batch-specific biases. Low-complexity nuclei
with fewer than 500 detected RNA counts (nCount_RNA) were excluded. Upper-bound thresholds
for transcript counts and detected features (nFeature_ RNA) were defined per sample, retaining only
nuclei with values below the median plus four standard deviations for each metric. Mitochondrial
transcript burden was used as an additional quality criterion, applying dataset-specific cutoffs
reported in the original studies (>10% for GSE178265, >2% for GSE243639, and >5% for
GSE161045). To reduce artifacts arising from multiplet capture, artificial doublet simulation was
performed with Scrublet (version 0.2.3), and nuclei exceeding sample-specific doublet score
thresholds — defined by the bimodal distribution of simulated doublet scores — were excluded [8].
After quality control, 98,220 NR4A2* and 145,376 NR4A2™ nuclei were retained from GSE178265,
along with 61,106 nuclei from GSE243639, 17,844 nuclei from GSE161045, and 37,530 nuclei from
GSE157783. Counts were normalized using the SCTransform framework, followed by cross-dataset
integration with Harmony [9] through Seurat's IntegrateLayers function. Principal component
analysis was performed, and neighborhood graphs were constructed using the first 30 principal
components.

Unsupervised clustering was performed with the FindClusters algorithm, and low-dimensional
embeddings were generated using Uniform Manifold Approximation and Projection (UMAP). Cell
identities were assigned by manual curation of canonical marker genes. Non-neuronal populations
were defined by AQP4 (astrocytes); CLDN5 and FLT1 (endothelial cells); PDGFRB (pericytes); PLP1
and MOG (oligodendrocytes); PDGFRA and VCAN (oligodendrocyte precursor cells); CSF1R and
CX3CR1 (microglia); and THEMIS and CD2 (T lymphocytes). Neuronal populations were identified
using RBFOX3 and SYT1 as pan-neuronal markers, with dopaminergic neurons defined by TH,



SLC6A3, SLC18A2, and NR4A2; GABAergic neurons by GAD1l, GAD2, and SLC32A1; and
glutamatergic neurons by SLC17A6 and SLC17A7.

Differential expressions were evaluated at the cluster level using the Wilcoxon rank-sum test
implemented in Seurat's FindMarkers function. Multiple testing correction was performed using the
Bonferroni method across all genes tested within each cluster.

Gene expression patterns, differential expression signals, and cross-cohort reproducibility were
visualized using heatmaps and dot plots. Heatmaps were used to compare Parkinson's disease (PD)
risk gene signatures across harmonized cell populations, displaying log fold-change values from
Wilcoxon rank-sum testing. To emphasize robust transcriptional shifts, genes that did not meet
significance thresholds (fraction of expressing cells > 0.1 and absolute log fold-change > 0.25) were
assigned a value of zero. Combined dot plots were generated to provide an integrated view of gene—
cell type relationships across datasets. In these plots, dot diameter reflects the proportion of cells
expressing a given gene, and color intensity corresponds to the mean expression level. Statistically
significant differential expressions were indicated by a red asterisk, defined as fraction of expressing
cells > 0.1, absolute log fold-change > 0.25, and Bonferroni-corrected P < 0.01. Graphical rendering
and panel assembly were carried out in R using the ggplot2 v4.0.1 and patchwork v1.3.2 packages.



Supplementary Figures

Supplementary Fig. 1: PRS-ice2 C+T barplots (a.) and model fit of PRS calculated at all P-value
thresholds (b.) generated during parameter optimisation for the training set best model of the LP-PRS
a. b.
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Supplementary Fig. 2: European LP-PRS performances (ROC curves) for the SNP-fixed (a.) and LD-
adaptive (b.) models
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Supplementary Fig. 3: Random-Effect Meta-Analysis in the EUR Cohort
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Supplementary Fig. 4: PRS-ice2 C+T barplots (a.) and model fit of PRS calculated at all P-value

thresholds (b.) generated during parameter optimisation for the training set best model of the LP-
PRS without LRRK2 and GBA1
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Supplementary Fig. 5: European LP-PRS without LRRK2 and GBA1 performances (ROC curves) for
the SNP-fixed (a.) and LD-adaptive (b.) models
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Supplementary Fig. 6: Fixed-Effect Meta-Analysis after excluding SNPs in LRRK2 and GBA1

a.

EUR COURAGE-PD Cohort:

LP-PRS SNP-fixed (no LRRK2 and GBA1)
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b.

EUR COURAGE-PD Cohort:
LP-PRS LD-adaptive (no LRRK2 and GBA1)
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Supplementary Fig. 7: Random-Effect Meta-Analysis after excluding SNPs in LRRK2 and GBA1

a.

EUR COURAGE-PD Cohort:
LP-PRS SNP-fixed (no LRRK2 and GBA1)
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EUR COURAGE-PD Cohort:
LP-PRS LD-adaptive (no LRRK2 and GBA1)
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Supplementary Fig. 8: PRS-ice2 C+T barplots (a.) and model fit of PRS calculated at all P-value
thresholds (b.) generated during parameter optimisation for the training set best model of the LP-PRS

without covariates
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Supplementary Fig. 9: European LP-PRS performances (ROC curves) for the SNP-fixed (a.) and LD-
adaptive (b.) models — without covariates
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Supplementary Fig. 10: Fixed-Effect Meta-Analysis in the EUR Cohort — without covariates

a.

EUR COURAGE-PD Cohort:
LP-PRS SNP-fixed - no Covariates

Aasly

Annesi

Bardien/Carr (Caucasian)
Bardien/Carr (Admixed)
Brice/Corvol/Lesage
Carmine Belin/Ran
Chartier-Harlin/Mutez
Deutschlander

Elbaz

Farrer

Ferreira
Gasser/Sharma

Duga

Hadjigeorgiou
Koks/Taba

Kruger

Mellick

Puschmann
Rogaevallang
Stefanis/Simitsi
Valente

Wirdefeldt

Total (85% Cl)

Odds Ratio

Fixed-Effect Model (Q = 26.20, df = 21, p = .20; 17 = 19.8%, t° = 0.00)

b.

Odds Ratio
[95% CI]

1.36 (1.20 to 1.55)
1.25 (0.94 t0 1.68)
1.17 (0.89 to 1.55)
1.17 (0.89 t0 1.53)
1.43 (1.24 10 1.65)
1.62 (1.38 0 1.90)
1.66 (1.38 to 2.00)
1.39 (0.99 to 1.96)
1.38 (1.22 10 1.55)
1.52 (1.29t0 1.78)
1.53 (1.14 t0 2.07)
1.28 (112 to 1.48)
1.48 (1.37 to 1.61)
1.23 (1.04 to 1.45)
1.13 (0.92 10 1.39)
1.24 (1.06 to 1.47)
1.38 (1.20t0 1.59)
1.23 (0.89 10 1.71)
1.62 (1.28 10 2.04)
1.37 (1.1 to 1.70)
1.35 (0.99 to 1.82)
1.44 (1.07 t0 1.93)
1.40 (1.35 to 1.45)

EUR COURAGE-PD Cohort:
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Supplementary Fig. 11: Random-Effect Meta-Analysis in the EUR Cohort — without covariates

a.

EUR COURAGE-PD Cohort:
LP-PRS SNP-fixed - no Covariates
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b.

EUR COURAGE-PD Cohort:
LP-PRS LD-adaptive - no Covariates
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Supplementary Fig. 12: PRS-ice2 C+T barplots (a.) and model fit of PRS calculated at all P-value
thresholds (b.) generated during parameter optimisation for the training set best model of the LP-

PRS without LRRK2 and GBA1 —without covariates

i
005{ 8
o Fd
o $ 21
b
i
0.04 i\l
—_ H
S18 :I
&5 |
& 9 i
—logig model | .I‘
e — 3
Eoo3 + . P —value ¢ "I
- o 3 M
T 5 - - I 5 20.0 =
° W - S~ 17.5 s H
] e o & &3 Y | |
£ N ~ 15.0 a |
0 125 T s ‘
: 1
0.02 E |
0 t
h=]
° |
£ |
0 |
o |
o |
12 |
\
O o
o¥ oF

P — value threshold (Pr)

P—

N &
& &

value threshold (F'T)

Supplementary Fig. 13: European LP-PRS without LRRK2 and GBA1 performances (ROC curves) for

the SNP-fixed (a.) and LD-adaptive (b.) models — without covariates
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Supplementary Fig. 14: Fixed-Effect Meta-Analysis after excluding SNPs in LRRK2 and GBAT -

without covariates

a.

EUR COURAGE-PD Cohort:
LP-PRS SNP-fixed (no LRRK2 and GBA1) - no Covariates
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[95% CI]

1.41 (12410 1.61)
1.15 (0.86 10 1.54)
1.19 (0.90 10 1.57)
1.17 (0.89 10 1.53)
1.43 (1.24 10 1.65)
1.55 (1.32 10 1.82)
1.63 (1.35 10 1.96)
1.26 (0.90 10 1.76)
1.38 (1.23 10 1.56)
1.56 (1.33 10 1.84)
1.52 (11310 2.04)
1.40 (1.2110 1.61)
1.47 (1.36 10 1.59)
1.24 (1.05 t0 1.46)
1.14 (0.93 10 1.39)
1.24 (1.05 to 1.46)
1.36 (11810 1.57)
1.17 (0.85 10 1.63)
1.57 (1.24 10 1.99)
1.35 (1.09 10 1.68)
1.31 (0.97101.78)
1.30 (0.97 10 1.73)
1.39 (1.35 10 1.45)

valente
wirdefeldt

zimprich



Supplementary Fig. 15: Random-Effect Meta-Analysis after excluding SNPs in LRRK2 and GBAT —no
covariates
a. b.

EUR COURAGE-PD Cohort: Odds Ratio EUR COURAGE-PD Cohort: Odds Ratio
LP-PRS SNP-fixed (no LRRK2 and GBA1) - no Covariates [95% CI] LP-PRS LD-adaptive (no LRRK2 and GBA1) - no Covariates [95% ClI]
Aasly 1.38 (1.21 to 1.57) Aasly 1.41 (1.24 t0 1.61)
Annesi 1.17 (0.88 to 1.56) Annesi 1.15 (0.86 to 1.54)
Bardien/Carr (Caucasian) —— 1.14 (0.86 to 1.50) Bardien/Carr (Caucasian) 1.19 (0.90 to 1.57)
Bardien/Carr (Admixed) T 1.18 (0.90 to 1.55) Bardien/Carr (Admixed) 1.17 (0.8910 1.53)
Brice/Corvol/Lesage -- 1.38(1.20t0 1.59)  Brice/CorvoliLesage 1.43 (1.24 10 1.65)
Carmine Belin/Ran +o— 1.55(1.32 to 1.82) Carmine Belin/Ran 1.55(1.32t0 1.82)
Chartier-Harlin/Mutez —— 1.64 (1.36t0 1.97) Chartier-Harlin/Mutez 1.63 (1.35 t0 1.96)
Deutschlander —— 1.43 (1.01to 2.07) Deutschlander 1.26 (0.90 to 1.76)
Elbaz - 1.35(1.20t0 1.52) Elbaz 1.38 (1.23 to 1.56)
Farrer —— 1.50 (1.28to 1.76) Farrer 1.56 (1.33t0 1.84)
Ferreira —— 1.49 (1.11 to 2.00) Ferreira 1.52 (1.13 to 2.04)
Gasser/Sharma -¢- 135(1.17101.55)  Gasser/Sharma 1.40 (1.21 10 1.61)
Duga * 1.47 (13610 159)  Dpuga 1.47 (1.36 to 1.59)
Hadjigeorgiou - 1.26(1.07101.49)  Hadjigeorgiou 1.24 (1.05 to 1.46)
Koks/Taba T 1.12(0.91 to 1.37) Koks/Taba 1.14 (0.93 to 1.39)
Kruger - 1.25(1.06101.47)  Kruger 1.24 (1.05 10 1.46)
Mellick - 136 (11810 1.57)  pMellick 1.36 (11810 1.57)
Puschmann - 1.18 (0.85 to 1.64) Puschmann 1.17 (0.85to 1.63)
Rogaeva/lang S 156 (1.23t01.97)  Rogaevallang 1.57 (1.24 10 1.99)
Stefanis/Simitsi —— 1.36 (1.09 to 1.68) Stefanis/Simitsi 1.35 (1.09 to 1.68)
Valente —e— 1.32 (0.97 to 1.79) Valente 1.31 (0.97t0 1.78)
Wirdefeldt —— 1.38 (1.04 to 1.85) Wirdefeldt 1.30 (0.97 to 1.73)
Total (95% CI) ) + ) 1.38 (13210 143) 1515/ (5% CI) ) 1.39 (1.33 t0 1.44)

0 1 2 3 4 0 3 )

Odds Ratio 0Odds Ratio

Random-Effect Model (Q = 22.81, df = 21, p = .35; 12 =11.0%, ©° = 0.00) Random-Effect Mode! (Q = 24.09, df = 21, p = .28; 12 = 11.8%, % - 0.00)

Supplementary Fig. 16: Overall number of SNPs selected with the SNP-fixed and LD-adaptive
approaches for the EUR LP-PRS. In bold, the 49 SNPs selected during parameter optimization.
Heatmap’s color refer to the percentage of the 22 cohorts in which that SNP was used to compute
the LD-adaptive LP-PRS

LD-adantive anproach: number of shared SNPs
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VAMP4_1:171674774:G:A - SCARB2_4:77154709:G:T | LRRK2 12:40614434:C:T

RAB29_1:205737739:G:A | SNCA _4:90627967:G:A -| LRRK2_12:40621904:C:T
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Supplementary Fig. 17: Random-Effect Meta-Analysis in the EAS Cohort
a. b.

EAS COURAGE-PD Cohort: Odds Ratio  EAS COURAGE-PD Cohort: Odds Ratio
LP-PRS SNP-fixed [95% CI] LP-PRS LD-adaptive [95% CI]
Chung . 116 (1.01101.32)  Chung * 1.15 (1.01 10 1.32)
Hattori —e— 1.07 (07110 1.61)  Hatori —e— 1.03 (0.66 to 1.59)
Kim —4 099 (0.70t01.42)  Kim - 1.09 (0.77 t0 1.55)
Matsuo He— 132 (09710 1.81)  Matsuo To— 1.27 (0.93 10 1.74)
Total (95% C) . 115 (10310 1.29)  Total (95% CI) - 1.15 (1.03 to 1.29)
0 1 2 3 4 0 1 2 3 4
Odds Ratio Odds Ratio

- - _ag 12 = 2 _
Random-Effect Model (Q = 1.54, df = 3, p = .67; 2 - 0.0%, 2 = 0.00) Random-Effect Model (Q =0.74, df = 3, p = .86; I" = 0.0%, 1" = 0.00)

Supplementary Fig. 18: Fixed-Effect Meta-Analysis in the EAS Cohort — without covariates
a. b.

EAS COURAGE-PD Cohort: Odds Ratio EAS COURAGE-PD Cohort: _ Odds Ratio
LP-PRS SNP-fixed - no Covariates [95% CI] LP-PRS LD-adaptive - no Covariates [95% CI]
Chung . 1.19 (1.04t0 1.35)  Chung L ] 1.21 (1.06 to 1.38)
Hattori —— 1.30 (0.92t0 1.83)  Hattori —— 1.11 (0.79 to 1.56)
Kim —e+ 0.96 (0.7210 1.28)  Kim = 1.04 (0.78 t0 1.39)
Matsuo - 1.16 (0.90t0 1.51)  Matsuo I 1.19 (0.92 to 1.55)
Total (35% Cl) . 1.16 (1.05t0 1.29)  Total (95% CI) * 1.18 (1.06 to 1.30)
0 1 2 3 4 0 1 2 3 4
0Odds Ratio 0Odds Ratio

. 2 2
Fixed-Effect Model (Q = 2.18, df = 3, p = .54; I* = 0.0%, t° = 0.00)  Fixed-Effect Model (Q =1.01,df =3, p = .80; I = 0.0%, * = 0.00)



Supplementary Fig. 19: Random-Effect Meta-Analysis in the EAS Cohort — without covariates

EAS COURAGE-PD Cohort:

LP-PRS SNP-fixed - no Covariates OlgdsingIt]io
Chung 0 1.19 (1.04 to 1.35)
Hattori ‘0— 1.30 (0.92 to 1.83)
Kim o — 0.96 (0.72 to 1.28)
Matsuo —;— 1.16 (0.90 to 1.51)

Total (95% CI) ‘

1.16 (1.05 to 1.29)

0o 1 2 3 4
0Odds Ratio

Random-Effect Model (Q = 2.18, df = 3, p = .54; I = 0.0%, 1% = 0.00)
a.

b.

EAS COURAGE-PD Cohort: Odds Ratio
LP-PRS LD-adaptive - no Covariates [95% CI]

Chung * 1.21 (1.06 to 1.38)

Hattori - 1.11 (0.79 to 1.56)

Kim ~#- 1.04 (0.78 to 1.39)

Matsuo T 1.19 (0.92 to 1.55)

Total (95% CI)

1.18 (1.06 to 1.30)

0Odds Ratio
Random-Effect Model (Q = 1.01, df = 3, p = .80; I = 0.0%, 1° = 0.00)

Supplementary Fig. 20: PRS-ice2 C+T barplots (a.) and model fit of PRS calculated at all P-value

thresholds (b.) generated during parameter optimisation for the training set best model of the
Commander Complex PRS
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Supplementary Fig. 22: European Commander Complex PRS performances (ROC curves) for the
SNP-fixed (a.) and LD-adaptive (b.) models
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Supplementary Fig. 23: Fixed-Effect Meta-Analysis using SNPs overlapping the Commander
Complex genes



EUR COURAGE-PD Cohort:
Commander Complex PRS SNP-fixed

Aasly

Annesi

Bardien/Carr (Caucasian)
Bardien/Carr (Admixed)
Brice/Corvol/Lesage
Carmine Belin/Ran
Chartier-Harlin/Mutez
Deutschlander

Elbaz

Farrer

Ferreira

Gasser/Sharma

Duga

Hadjigeorgiou .
Koks/Taba =
Kruger -
Mellick 5
Puschmann
Rogaevallang
Stefanis/Simitsi

Valente
Wirdefeldt
Total (95% CI)

Qdds Ratio

Fixed-Effect Model (Q = 23.68, df = 21, p = .31; I = 11.3%, ©° = 0.00)

Odds Ratio
[95% CI]

1.13 (0.99to 1.29)
0.85 (0.59 to 1.22)
0.79 (0.53 o 1.18)
1.39 (1.01t0 1.91)
112 (0.97 to 1.29)
1.50 (0.98 to 2.29)
1.04 (0.87 to 1.25)
1.00 (0.70to 1.42)
1.02 (0.91to 1.14)
1.18 (1.00 to 1.39)
0.83 (0.56 to 1.24)
1.15 (0.99 to 1.32)
1.07 (0.99t0 1.16)
113 (0.96 to 1.34)
1.00 (0.81 to 1.23)
0.94 (0.78 10 1.12)
1.07 (0.93t0 1.23)
0.79 (0.54 t0 1.16)
1.07 (0.81 to 1.42)
0.93 (0.74 10 1.16)
0.72 (0.42 to 1.21)
1.07 (0.78 to 1.46)
1.06 (1.02 to 1.10)

EUR COURAGE-PD Cohort:
Commander Complex PRS LD-adaptive

Aasly

Annesi

Bardien/Carr (Caucasian)
Bardien/Carr (Admixed)
Brice/Corvol/Lesage
Carmine Belin/Ran
Chartier-Harlin/Mutez
Deutschlander

Elbaz

Farrer

Ferreira

Gasser/Sharma

Duga

Hadjigeorgiou

Koks/Taba

Kruger f
Mellick -
Puschmann .
Rogaevallang — .
Stefanis/Simitsi -

Valente
Wirdefeldt
Total (95% CI)

Odds Ratio

Fixed-Effect Model (Q =24.99, df = 21, p = .25; 12 = 16.0%, 1% = 0.00)

Odds Ratio
[95% CI]

1.09 (0.95 to 1.24)
0.85 (0.59 10 1.22)
0.85 (0.57 10 1.25)
1.38 (1.01 to 1.90)
1.11 (0.97 t0 1.28)
179 (1.17 t0 2.75)
1.03 (0.86 to 1.24)
1.05 (0.74 t0 1.49)
1.03 (0.92 to 1.16)
1.23 (1.04 10 1.46)
0.88 (0.59 10 1.31)
1.18 (1.02 to 1.36)
1.07 (0.99 t0 1.16)
1.13 (0.96 to 1.34)
1.07 (0.87 to 1.31)
0.96 (0.80 0 1.15)
1.07 (0.93t0 1.23)
0.82 (0.56 to 1.20)
1.09 (0.82 to 1.46)
0.94 (0.76 10 1.18)
0.74 (0.44 10 1.24)
0.92 (0.68 to 1.25)
1.07 (1.03 10 1.11)

Supplementary Fig. 24: Random-Effect Meta-Analysis using SNPs overlapping the Commander

Complex genes

a.

EUR COURAGE-PD Cohort:
Commander Complex PRS SNP-fixed

Aasly
Annesi
Bardien/Carr (Caucasian)

Bardien/Carr (Admixed) ~— —

Brice/Corvol/Lesage 0—

Carmine Belin/Ran T——

Chartier-Harlin/Mutez -
Deutschlander ——
Elbaz ‘
Farrer
Ferreira

Gasser/Sharma
Duga
Hadjigeorgiou T
Koks/Taba ——
Kruger -
Mellick -
Puschmann -
RogaevallLang
Stefanis/Simitsi

Valente
Wirdefeldt
Total (95% CI)

Odds Ratio

Random-Effect Model (Q = 23.68, df = 21, p = 31; 17 = 0.0%, 1 = 0.00)

Odds Ratio
[95% CI]

1.13 (0.99 to 1.29)
0.85 (0.59 t0 1.22)
0.79 (0.53 t0 1.18)
1.39 (1.0 t0 1.91)
112 (0.97 10 1.29)
1.50 (0.98 to 2.29)
1.04 (0.87 to 1.25)
1.00 (0.70 t0 1.42)
1.02 (0.91 to 1.14)
1.18 (1.00 to 1.39)
0.83 (0.56 to 1.24)
115 (0.99 0 1.32)
1.07 (0.99 to 1.16)
1.13 (0.96 to 1.34)
1.00 (0.81 to 1.23)
0.94 (0.78 0 1.12)
1.07 (0.93 t0 1.23)
0.79 (0.54 to 1.16)
1.07 (0.81 t0 1.42)
0.93 (0.74 t0 1.16)
0.72 (0,42 t0 1.21)
1.07 (0.78 to 1.46)
1.06 (1.02 to 1.10)

b.

EUR COURAGE-PD Cohort:
Commander Complex PRS LD-adaptive

Aasly

Annesi
Bardien/Carr (Caucasian) ——
Bardien/Carr (Admixed) ——
Brice/Corvol/Lesage 4
Carmine Belin/Ran f o
Chartier-Harlin/Mutez
Deutschlander

Elbaz

Farrer

Ferreira a
Gasser/Sharma ~ o
Duga *>
Hadjigeorgiou -
Koks/Taba
Kruger

Mellick
Puschmann
Rogaeval/lLang
Stefanis/Simitsi

Valente
Wirdefeldt *
Total (95% CI) (]

Odds Ratio

Random-Effect Model (Q = 16.09, df = 21, p = .76; = 0.0%, = 0.00)

Odds Ratio
[95% CI]

1.05 (0.92 10 1.18)
0.80 (0.59 to 1.07)
0.95 (0.72 10 1.25)
0.98 (0.75t0 1.28)
1.09 (0.95 to 1.26)
117 (1.01t0 1.36)
1.04 (0.88t0 1.24)
0.96 (0.70t0 1.32)
1.06 (0.95 t0 1.19)
1.15 (0.99 to 1.34)
1.07 (0.80 to 1.44)
1.15 (1.00t0 1.32)
1.07 (0.99 0 1.15)
1.09 (0.9210 1.28)
0.99 (0.81 10 1.21)
1.05 (0.90 to 1.24)
1.00 (0.88 10 1.15)
0.85 (0.61 10 1.19)
1.21 (0.97 to 1.51)
1.03 (0.84 10 1.27)
0.87 (0.6510 1.17)
117 (0.88t0 1.55)
1.06 (1.0310 1.10)



Supplementary Fig. 21: PRS-ice2 C+T barplots (a.) and model fit of PRS calculated at all P-value

thresholds (b.) generated during parameter optimisation for the training set best model of the
Commander Complex PRS —without covariates
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Supplementary Fig. 25: European Commander Complex PRS performances (ROC curves) for the
SNP-fixed (a.) and LD-adaptive (b.) models — without covariates
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Supplementary Fig. 26: Fixed-Effect Meta-Analysis using SNPs overlapping the Commander
Complex genes — no covariates

a. b.

EUR COURAGE-PD Cohort: Odds Ratio EUR COURAGE-PD Cohort: Odds Ratio
Commander Complex PRS SNP-fixed - no Covariates [95% Cl] Commander Complex PRS LD-adaptive - no Covariates [95% CI]

Aasly 1.05(0.92t0 1.18)  Aasly 1.05 (0.92 to 1.18)
Annesi 0.80 (0.5910 1.07)  Annesi 0.80 (0.59 to 1.07)
Bardien/Carr (Caucasian) 0.95 (0.72 10 1.25) Bardien/Carr (Caucasian) 0.95 (0.72 to 1.25)
Bardien/Carr (Admixed) 0.98 (0.75 10 1.28) Bardien/Carr (Admixed) 0.98 (0.75 t0 1.28)

Brice/Corvol/Lesage
Carmine Belin/Ran
Chartier-Harlin/Mutez
Deutschlander
Elbaz

Farrer

Ferreira
Gasser/Sharma
Duga

Hadjigeorgiou
Koks/Taba

Kruger

Mellick

Puschmann
Rogaeva/lLang
Stefanis/Simitsi
Valente

Wirdefeldt

Total (95% CI)
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Supplementary Fig. 27: Random-Effect Meta-Analysis using SNPs overlapping the Commander

Complex genes — no covariates
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Supplementary Fig. 28: Cross-Dataset Heatmap of Cell-Type-Specific Differential Expression of PD
Risk Genes
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Heatmap depicting log, fold-change (log,FC) of PD risk genes across cell types and datasets,
calculated using Seurat FindMarkers (Wilcoxon test). Columns correspond to dataset—cell type
combinations. Red indicates higher expression in PD, blue indicates lower expression, and white
denotes comparisons that did not meet differential expression filtering criteria.
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