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Figure S1. Graphical representation showing the origin of the data used in this study. WT and LRRK2
MUT midbrain organoids were generated in paralel in our lab. WT midbrain organoids were
characterized in previous studies of Smits et al. 3* The present study comprises analysis of internal
scRNAseq data fromthe respective midbrain organoids and comparison to external datasets %67,
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Figure S2. Quality control of midbrain organoid scRNAseq datasets. A) Number of genes (nFeature_RNA), total number of molecules
(nCount), percent of mitochondrial genes, detected in each cell for WT35 and WT70 midbrain organoids, before and after
quality control. B) Correlations between percentage of mitochondrial genes, the number of genes and the total number of molecules

for WT35 and WT70 midbrain organoids, before and after quality control. C) Same as (A), for MUT35 and MUT70 midbrain organoids. D)
Same as (B), for MUT35 and MUT70 midbrain organoids.
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Figure S3. Validation of midbrain organoid identity. A) UMAP of
integrated Seurat object of merged embryonic prefrontal cortex (EC),
embryonic midbrain (EM), WT midbrain organoids of 35 days of
differentiation (MO_WT35) and 70 days of differentiation
(MO_WT70) after SCTransform. B) Spearman correlation of mutual
gene average expression between the embryonic prefrontal cortex
(EC), embryonic midbrain (EM), WT midbrain organoids of 35 days of
differentiation (MO_WT35) and 70 days of differentiation
(MO_WT70). C) Immunofluorescent staining of midbrain identity
markers: FOXA2, EN1 and TH in midbrain organoid sections. Scale
bar: 50um. D) The average gene expression correlation of the non-
integrated embryonic midbrain (EM) and cortical organoid (CO).
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Figure S4. Network representing top marker genes for each cell cluster.
The top 100 cell type markers identified by the FindAlIMarkers function. The size and color of nodes represent logarithmic fold change

(avg_logFC) of each marker expression in the particular cell type compared to its expression in other cell clusters.
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Figure S6. Differentially expressed gene analysis |.
B) i) Network processes and ii) diseases from th
between MUT and WT midbrain organoids. C) Hea
day 70 respectively, showing the cell type unsupe

A) The bulk average LRRK2 expression in midbrain organoids.
e enrichment analysis of 294 DEGs (adjusted p-value < 0.05)
tmaps of top 100 DEGs (adjusted p-value < 0.05) at day 35 and
rvised clustering between MUT and WT organoids. D) Pathway

processes based on MUT vs WT midbrain organoid DEGs (adjusted p-value < 0.05).
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Figure S7. Differentially expressed gene analysis Il. A) Volcano plots showing DEG fold changes in cell clusters between MUT and WT
midbrain organoids. B) Pathway enrichment analysis in i) yNEURs and ii) NBs in vitro based on the DEGs in the respective cell
clusters (adjusted p-value <0.05).
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Figure S8. LRRK2-G2019S mutant midbrain organoids have a different cellular composition and altered
developmental path. A) UMAP of integrated Seurat object of merged scRNAseq datasets of embryonic midbrain, and WT and MUT
midbrain organoids 35 and 70 days of differentiation, colored by cell clusters and split by the dataset. B) Percentage of cell
identities present in the embryonic midbrain (EM). C) Heatmap of genes with changed expression pattern in at least 50% of
cells between WT35 and WT70 midbrain organoids.



Corresponding

. . Age at . .
Source of iPSCs Mutation 9 . Sex midbrain
sampling .
organoid culture
The Wellcome Trust
Sanger Institute, - 55 Male MO_WT35
Cambridge, UK MO_WT70
The Wellcome Trust Introduced MO MUT35
Sanger Institute, LRRK2 G2019S' 55 Male -
MO_MUT70

Cambridge, UK

Table S1. Cell lines used to generate midbrain floor plate neural progenitor cells and further the midbrain
organoids for scRNAseq.
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