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For spatial transcriptomics
spaceranger (v2.1.0) 
Seurat (v4.4.0) 
Cell2Location (v0.1.3) 
spacexr package v2.2.1 
COMMOT (v0.0.3) 
CellChat database (v1) 

For single-cell transcriptomics:
CellRanger (version 3.1.0) 
Harmony (v.0.1.0) 
Seurat R package (v.4.1.3) 
miloR package (v.1.2.0) 
Scanpy workflow (version 1.10.4) 
Seurat package (v.5.0.0) 
SeuratWrappers, v.0.3.19 
ComplexHeatmap R package (v2.18.0) 
Slingshot (v.2.10.0) 
Destiny (v.3.16.0) 
Monocle3 (v.1.2.9)

Two GitHub repositories are available for reproducing the analysis and figures of the manuscript: one for single-cell transcriptomics (https://github.com/paupuigdevall/MLOscRNAseq,
archived at https://doi.org/10.5281/zenodo.17541380) and another for spatial transcriptomics (https://github.com/george-hall-ucl/mlo_spatial_transcriptomics
archived at https://doi.org/10.5281/zenodo.17550243). These repositories include scripts for processing steps, data analysis and figure generation.
Additionally, the Docker images used for spatial transcriptomics are is available on Dockerhub (main pipeline:
georgehallucl/midbrain_tissues_organoids_docker; commot: georgehallucl/commot_docker;
cell2location: georgehallucl/cell2location_docker). An archive to reproduce the spatial transcriptomics analysis is available
at https://figshare.com/s/01ec7b05ef9f28e000ca.   

Raw FASTQ files for both single-cell and spatial transcriptomics generated in this study have been deposited in Gene Expression Omnibus (GEO) under assession code (GEO accession GSE277032). The four supplemental data files generated in this study are available in a
Zenodo repository (https://zenodo.org/records/13765496), detailed as follows: Data S1-S2: VCF files with donor genotypes to deconvolute pooled scRNA-seq data. Data S3: Single-cell data generated in our study (RDS object: Seurat object with counts and metadata).
Data S4: Integrated datasets (RDS object: Seurat object with counts and metadata).  Additionally, the images from the immunohistochemistry analysis on midbrain tissues are available in the
MRC-Wellcome Trust Human Developmental Biology Resource (HDBR) Atlas (https://hdbratlas.org/gene-expression/midbrain.html). 



NA as not a clinical trial.

Controls and patients are both composed of one female and one male.

Not reported.

Not reported.

Not reported.

Some ST samples excluded due to tearing. Western blot: excluded both highest and lowest outliers in some cases. 

In ST and single-cell models, 2 independent differentiations. Molecular analysis - immunofluorescence: 4 replications each; Western blot: specified in image.

The in vitro scRNA-seq samples profiled in the same time point were merged in three different pools previous to sequencing  following a sample randomisation to minimize
batch effects. Similarly, foetal samples were sequenced in two different batches merging at least two samples with different developmental stage.

All key experiments were independently replicated to ensure the robustness and reproducibility of findings. For each assay type, independent biological replicates were performed using samples from
distinct tissue donors and/or model systems. Spatial transcriptomics experiments were conducted using tissue from four independent donors and six model samples (derived from two donors across
three timepoints). Single-cell RNA sequencing experiments were performed using four tissue donors and fifteen model samples (five donors across three timepoints). Molecular analyses were repeated
using samples from five tissue donors and five model donors, with replicate numbers detailed in the figure legends. All attempts at replication produced consistent results across donors and timepoints,
confirming the reproducibility of the main findings. Sample sizes were determined based on standard practice in the field and prior experience with similar transcriptomic and molecular assays, ensuring
sufficient power to detect biologically meaningful differences across donors and experimental timepoints. No formal statistical power calculation was performed. Instead, sample sizes were chosen to balance
experimental feasibility, donor availability, and statistical reliability. The selected numbers of biological replicates (n=4–5 donors per group, with multiple timepoints for model systems) were sufficient to achieve
consistent and statistically robust results, as reflected by the reproducibility and significance of the reported data (PMID:37443770, PMID:34911939, PMID: 27716510, PMID: 40369074).

The UK NHS Health Research Authority, London Hampstead Research Ethics Committee has approved the work with induced pluripotent stem cells under the REC reference number 13/LO/0171, IRAS project ID: 100318.
Fetal samples have been collected under the ethical approval REC reference number 23/NE/0135, IRAS project ID: 330783 and REC reference number 23/LO/0312, IRAS project ID: 326492,
granted to Human Developmental Biology Resource (HDBR) by UK NHS Health Research Authority, North East - Newcastle & North Tyneside 1 Research Ethics Committee.
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Name Use, concentration Source, catalogue number
AADC IF, 1:5000 Thermo Scientific, PA5-25450
ALDH1A1 IF, 1:250 Abcam, ab52492
CALB1 IF, 1:500 Sigma-Aldrich C9848
Cleaved Caspase-3 IF, 1:400 Cell Signaling Tech., Asp175
CORIN IF, R&D Systems MAB2209
DAT IF, 1:100 Millipore, MAB369
DAT WB, 1:3000 Millipore, AB1766
FOXA2 IF, 1:500 BD Pharmigen, 561580
FOXA2 IF, 1:50 ThermoFisher Scientific, TA500073
GABA IF, 1:1000 Sigma A2052
GAPDH-HRP WB, 1:3000 Cell Signaling Tech, 3683
GFAP IF, 1:400 Millipore, MAB3402
GIRK2 IF, 1:400 Alomone Labs, APC-006
Ki67 IF, 1:100 BD Pharmingen 550609
LMX-1 IF, 1:2000 Millipore, AB10533
LMX1A IF, 1:750 Abcam, ab139726
MAP2 IF, 1:400 Sigma-Aldrich, M9942
NeuN IF, 1:100 R&D Systems MAB377
OTX2 IF,1:500 R&D Systems AF1979
PITX3 IF, 1:200 Invitrogen, 701181
SOX2 IF, 1:200 Cell Signaling Technology, D6D9
SOX2 IF, 1:100 R&D Systems MAB2018
Synaptophisin IF, 1:400 Sigma-Aldrich, SAB4502906
TH IF, 1:400 Aves Labs, TYH
TH WB, 1:3000 Millipore, AB152



Provided in "Materials and Methods".

Free from mycoplasma contamination. 

Not present.

two patient lines with missense mutations in SLC6A3 (patient 1: c.1103T>A, p.L368Q; patient 2: c.1184C>T, p.P395L) and a CRISPR-Cas9 corrected isogenic line from patient 2 (Ng et al. 2021).  
Control 1: Male 
Control 2: Female 
Patient 1: Male 
Patient 2: Female 
Isogenic control patient 2: Female 
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