
Fig. S1 . Related to Fig. 1. 

A. Overview of differentiation protocol of regional neural progenitors. B. Gene expression of regional specific markers was 

measured by qPCR at day 11 of differentiation treated with various concentration of CHIR99021 patterned from Hl hESC. The 

gene expression was normalized to the non-differentiated ES, Mean ± s.d. of 3 technical replicates from 1 experiment. 

Representative of 3 independent experiments. C-D. Immunofluorescence  staining of FOXG 1/0TX2 (C) and LMX1A/OTX2  

(D) in patterned neural progenitors at day 11. Representative of 3 independent experiments . Scale bar, 100 µm. E. 

Histogram of flow cytometry staining of FZD receptors in Hl ES cells and Day 4 FB NPC. F. The percentages of each cell 

surface FZD expression in WTCl 1 (hiPSC) and differentiated day 4 regional NPCs, and H9 ESC and differentiated day 4 

regional NPCs. Representation of 3 independent experiments. 
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Fig. S2. Related to Fig. 2. 

A. Schematic outlining the CRISPR screen in Hl -iCas9 cells. B. Pearson correlation analysis of the gRNA counts in each 

sample. L denotes the FZD5-low sorted population while H denotes FZD5-high sorted, and the numbers represent the 

replicates. C. KO efficiency of gRNAs targeting OTX2 and LDBl  cells as determined by TIDE sequencing analysis. D. 

Immunofluorescence  staining of FOXG 1 and OTX2 in day 11 FB patterned AAVS J-KO cells compared to OTX2-KO cells 

and LDBl -KO cells. Representative of 3 independent experiments. Scale bar, 100 µm. 
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Fig. S3. Related to Fig. 3. 

A. Dose response of CHIR99021 and F5L6.13 for neural patterning. The gene expression was normalized to the non-

differentiated ES.  Mean + s.d. of 3 technical replicates from 1 experiment. Representative of 3 independent 

experiments. B. Histogram of GFP expression in day 11 NPC differentiated in Hl hESC parental line with 1 uM 

CHIR9901 and Hl hESC LMX l A-GFP reporter line with 0 µM, 1 µM or 3 µM CHIR9901. Representative of 3 

independent experiments. C. Percentage of LMX l A-GFP expressing cells differentiated from a Hl hESC LMX l A-GFP 

Reporter line with 1 µM CHIR99021 or 0.5 nM F5L6.13. Data are represented from 4 independent experiments. Mean ± 

s.e.m. D. Immunostaining  of VM markers LMX1A/FOXA2  at day 16 patterned from WTCl 1 hiPSC and H9 hESC. 

Images are representative of 3 independent experiments. Scale bar, 100 µm. E. Top 15 gene loadings of PC l which 

explains the variance between the Hl ESC and day 16 VM patterned NPC groups. F. qPCR gene expression of PAX8/ 

WNTJIGFRAJ  at day 16 differentiated cells patterned with CHIR99021 or F5L6.13. Mean ± s.e.m. n = 5 independent 

experiments, two-sided t-test. P-value are indicated on graph. 
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Fig. S4. Related to Fig. 4. 

A. Time course qPCR gene expression of NR4A2 and SYP in CHIR99021 or F5L6.13 patterned cells. Mean ± s.e.m. n = 4 

independent experiments. B. Immunostaining of LMX IA/FOXA2 on D45 differentiated neuronal cultures from VM progenitors 

patterned with F5L6.13. Images are representative of 3 independent experiments. Scale bar, 100 µm C. Resting membrane 

potential of patched neurons from CHIR99021 and F5L6.13 patterned neuronal cultures. Mean ± s.e.m. n = 9 for CHIR99021 , n = 

13 for F5L6.13 D. Time course qPCR gene expression of SOX6 and GIRK2 in CHIR99021 or F5L6.13 patterned cells. Mean ± 

s.e.m. n = 4 independent experiments. E. Phase contrast image of the midbrain organoids patterned from H9 hESC at the 

timepoints indicated. Images are representative of 3 independent experiments. Scale bar, 650 µm F. qPCR gene expression of 

LMXJ A, OTX2, TH, SYP, and MAP2 in D30 midbrain organoids patterned with 0.8 µM CHIR9901 or 0.5 nM F5L6 .13 in H9 hESC. 

Mean ± s.e.m. n = 3 independent experiments. G. Immunostaining of TH/MAP2 (N) LMX IA/OTX2 of D30 sectioned midbrain 

organoids patterned with 0.8 µM CHIR9901 or 0.5 nM F5L6.13. Images are representative of 3 independent experiments. Scale 

bar, 500 µm. 
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Fig. S5. Related to Fig. 5. 

A. Violin plots displaying distribution of expression levels of feature counts, transcript counts  and percentage of 

mitochondria genome across all cells after filtering. B. Proportion of clusters identified in each treatment condition. C. 

UCell scoring for simultaneous assessment of the expression level of several genes known for VM marker across all 

cells (See Table S3 for the list). Colored according to scaled expression by cell. D. UCell scoring for expression of 

genes representing distinct floor plate marker clusters identified from (Nilsson et al., 2021). Colored according to scaled 

expression by cell. E. Normalized expression levels of NES, SOX2, ASCL J , SNAP25 superimposed onto the UMAPs. 

Colored according to expression levels by cell. F. Violin plots displaying distribution of expression levels of LMX J 

AIFOXA2/ 0TX2 across clusters 0, 1, 2, 5 separated by treatment condition. G. UMAP plots showing the cell cycle 

status of the clusters separated by treatment conditions. G2M and S cell cycle status were classified using the function 

CellCycleScoring  in the Seurat package. 
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Fig. S6. Related to Fig. 6. 

A. Violin plots displaying distribution of expression levels of feature counts, 

transcript counts and percentage of mitochondria genome across all cells after filtering. 

B. Violin plots displaying distribution of expression levels of LMX J AIFOXA2/ 0TX2 

across all cells.  C. UMAP plots showing the cell cycle status of the clusters 

separated by treatment conditions. D. Normalized expression levels of NES and 

SOX2 superimposed onto the UMAPs. Colored according to expression levels by 

cell.  E. UMAP plot showing the cell identity of treatment conditions contributing the 

subclustered neuronal population. F. Violin plots displaying distribution of expression 

levels of TH, NR4A2 , LMX J A, and FOXA2 in neuronal clusters. G. Immunostaining 

of TH/NR4A2/FOXA2 on day 30 differentiated neuronal cultures from VM progenitors 

patterned with CHIR99021 or F5L6.13. Scale bar, 100 µm. H. Quantification of TH+ 

cells over DAPI nuclei staining, TH+ cells expressing NR4A2 and TH+ cells 

expressing FOXA2. Three images were taken at random locations per condition 

(represented by each symbol) and three independent experiments were used for 

counting. I. Schematic outlining the differential gene expression analysis from the 

HiDDEN clusters. J. Dot plot highlighting the genes associated to the gene ontology 

terms associated with substania nigra development and neuronal processes 

across the HiDDEN clusters. 
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Table S1. Regulators of FZD5 cell surface expression in differentiated anterior 

neural progenitor cells identified in CRISPR screen. 

Table S2. Marker genes used for UCell scoring. 
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Table S3. Differential expressed genes identified comparing label 0 to label I of DA neurons 

in HiDDEN analysis, related in Figure 6. 
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Table S4. List of qPCR primers used in this study. 
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Table S5. List ofPCR primers and gRNA sequences used in this study. 
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Table S6. List of antibodies used in this study. 
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