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Reporting Summary
Nature Research wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Research policies, seeAuthors & Referees and theEditorial Policy Checklist .

Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection
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10X Genomics Chromium 5.00

SoftMax Pro 7.1 Software

Agilent 2100 BioAnalyzer Expert Software

Illumina NextSeq 500 Software

Illumina NOVA-seq Software

Carl Zeiss Confocal LSM700 Software

Zeiss microscope Zen black LSM700 and LSM880

ProteinSimple SimpleWestern Jess Software

uMs-Nikon FN1 infrared-differential interference contrast (IR-DIC) microscope software

ImageJ/FIJI 1.53c

GraphPad Prism version 9.00 for Windows

10X Genomics CellRanger v3.1.0

STAR Aligner v2.7

Cytoscape 3.8.2

EnrichmentMap v3.3.4

R v4.0.3

Seurat R package v4.1.1

SingleR R package v1.2.4

ComplexHeatmap R package v2.4.3

GProfiler2 R package v0.2.0

ggplot2 R package v3.3.2

Circlize R package v0.4.15
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For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors/reviewers.
We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:
- Accession codes, unique identifiers, or web links for publicly available datasets
- A list of figures that have associated raw data
- A description of any restrictions on data availability

Field-specific reporting
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Life sciences Behavioural & social sciences Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Randomization

Blinding

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Liger R package v1.0.0

Monocle3 R package v1.0.0

Enrichplot R package v1.10.2

DOSE R package v3.16.0

All custom code to reproduce the analyses and figures reported in this paper can be found at DOI: 10.5281/zenodo.7102480

The authors declare that all data supporting the findings of this study and associated accession codes for publicly available datasets are available within the paper
[and its supplementary information files].

Raw and processed scRNA-seq data generated in this study has been deposited in the NCBI Gene Expression Omnibus database (GEO) under accession code
GSE186356 [https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE186356]. Processed scRNA-seq datasets generated in this study have been deposited on
Single Cell Portal, including the cell barcodes, UMAP coordinates, and other available characteristics [https://singlecell.broadinstitute.org/single_cell/study/
SCP1621/asteroid1-2021].

Publicly available dataset used in this study are available at The Molecular Signatures Database [https://www.gsea-msigdb.org/gsea/msigdb] and The Human
Primary Cell Atlas [http://biogps.org/dataset/2429/primary-cell-atlas/].

Source data are provided with this paper. Source data are provided in the Source Data files as follows: Source data of differential gene expression results for Fig. 4c
and Fig 7b, cell type markers for Suppl. Fig. 5c, and uncropped immunoblots for Fig. 3c,h, GProfiler2 FGSA results and gene set names for Fig. 5a, Fig. 7e, Fig. 8g,
Suppl. Fig. 14h, Suppl. Fig. 15, and Suppl. Fig. 16, GProfiler2 FGSEA results in Cytoscape formatting for Fig. 5b and Suppl. Fig. 17a,b, gene set names and GProfiler2
FGSEA results for Fig. 5c, and module scores for Fig. 8e and Suppl. Fig. 14e are available in supplemental file SourceFile. Detailed explanations of gene sets used Fig.
4d,e and Fig. 7 c,d are also available in supplemental file SourceFile.

The original R scripts for Seurat processing are available on GitHub [https://github.com/satijalab/Seurat]. All custom code to reproduce the analyses and figures
reported in this paper is available on GitHub [DOI: 10.5281/zenodo.7102480]124.

No statistical method was used to predetermine sample size. Sample size determination for immunolabeling quantification was based on prior
studies with 3D assembloid modeling28,32,37. High-throughput scRNA-seq was selected to profile <1000 cells per replicate experimental
condition providing a sufficiently large sample size for analysis.

No data were excluded from the immunolabeling analyses. Standard quality control filtration was performed in the analysis of the scRNA-seq
data excluding cells with less than 200 and greater than 3000 detected genes or greater than 12% mitochondrial counts to remove low quality
and multiplet cell reads.

All immunolabeling experiments were successfully repeated in at least 3 independent batches of asteroid cultures with at least 5 individual
asteroids per quantification. scRNA-seq was successfully repeated in 4 independent batches of asteroid cultures.

Cultured 3D asteroids within a batch were blindly and randomly selected at timepoint collection for immunolabeling or scRNA-seq.
Additionally, well plates were randomized for treatment to avoid marginal effects of cell growth on the plate. Further covariate control is not
relevant to this study due to the highly controlled nature of the culture system.

Quantification of transcriptomics, granular intensity, MAP2 dendritic length, and immunoblot band intensity were blindly repeated by co-
authors.




