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Extended Fig. 5. iTracer barcode families accumulate in distinct brain regions. a) Histogram of the distribution of all normalized
z-scores. Cutoffs are the 99% quantile of the standard normal distribution (2.32), and 1% quantile (-2.32). b) Heatmap of permutation
based barcode family similarity, with hierarchical clustering (ward.D2 method) applied to permutation-based barcode family composition
distances between clusters. c) Heatmap of cell number normalized barcode family similarity, with hierarchical clustering (ward.D2
method) applied to cell-number-normalized barcode family composition distances. d) Heatmap of similarity of organoid composition,
defined as the Pearson’s correlation coefficient between cell frequencies of each cluster across different organoids, with hierarchical
clustering (ward.D2 method) applied to the correlation distances between cell frequencies of clusters across different organoids.
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Extended Fig. 6. Regionalization of cell types and iTracer barcodes across cerebral organoids. a) Schematic of spot annotation
by digital cytometry using CIBERSORTx. b-g) 3D spatial feature plots of expression of genes marking different cell types and brain
regions. h) 3D spatial feature plots of expression of iTracer RFP reporter. i) 3D spatial plot of spots with (red) and without (grey)
iTracer barcodes detected. Barplot of detected iTracer barcodes across all sections. Scatterplot of detected barcodes and iTracer RFP
reporter. j) Boxplots of the iTracer barcode composition of each spot pair vs the spatial distance of each spot pair across all sections
(S1-S3) in any regions (left), same cell type regions (middle) and different cell type regions (right). Two-sided Wilcoxon rank sum tests
were performed comparing shared to same and exclusive groups, *** indicates p-values<0.0001. k) Scatter plots of barcode distance
between each spot pair at the same section vs their spatial distance, in all the three sections, in any regions (left), same cell type
regions (top-right) and different cell type regions (bottom-right).
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Extended Fig. 7. Tracking spatial distribution of nuclei lineages using Light sheet microscopy. a) Example images show a
nucleus dividing into two daughter nuclei in the developing organoid. White circles represent the manual detection and tracking over
time. b) Scatter plot shows increase in the number of nuclei over 100 hours of tracking in lineage one (L1). The curve shows the
exponential model estimated by the data, with the estimated doubling time being 17.3 hours. c) Nuclei tracking of three lineages (L1-
L3) in the same lumen area (top) and of a fourth lineage (L4) surrounding a diametrically opposite lumen (bottom). d) Lineage trees for
the four tracked nuclei lineages. e) Spatial distribution in the x-y plane of the four tracked lineages. Nuclei are shown at 0 hours and 65
hours, colored by lineage. f) Dotplot shows the increase in number of daughter nuclei for all four lineages over 65 hours.
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