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Extended Data Fig. 8 | See next page for caption.
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Extended DataFig. 8 | Localized translation in the somata and processes distance distributions from SST, PV, VIP, and LAMP5 neurons to cells of the

of neuronal and glial cells in the mouse brain. a, Schematic illustration of same subtype (‘to self’) and to other inhibitory subtypes (‘to other’) in asingle
ahippocampalslice highlighting the somata and processes of hippocampal Deep-STARmap sample (SST:n=3,027; PV:n =3,280; LAMP5: n =1,985; VIP:
neurons. b, Processes read percentages of individual translating genes with n=1,073). Center line, median; box bounds, interquartile range (IQR: 25th to
genes rank-ordered based on their process reads percentage. ¢, Significantly 75th percentile); whiskers, 1.5xIQR; outliers excluded. Two-sided independent
enriched GO terms for processes-enriched and somata-enriched translating t-test, ***P <0.0001. g, Nearest-neighbor distance distributions in 15-um thin
genes. d, Spatial translation map of representative genes with enriched sections subsampled from the same 3D Deep-STARmap volume. Binwidth =3 pm.
translation in processes (top) and somata (bottom) within the hippocampus, The y-axis shows probability density, where the area under the entire histogram
depicting somatareadsinblue and process readsinred.e, f, Nearest-neighbor equals1.
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Tetbow-labeled neurons across major cell types
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Extended Data Fig. 9| Quantification of Tebow-labeled neurons. a, Another neurons. The classifier distinguishes excitatory neurons, Pv interneurons,
zoom-in view of volume rendering of mouse cortical pyramidal neurons and Sstinterneurons with high accuracy. The y-axis represents true neuronal
labeled with Tetbow. b, ¢, Cell count quantification of Tebow-labeled neurons subtypes, and the x-axis indicates predicted labels. Values in each cell correspond
across major cell types (b) and subtypes (c). d, Confusion matrix showing the to the raw number of neurons assigned to each category.
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Extended Data Fig. 10 | See next page for caption.

Nature Methods


http://www.nature.com/naturemethods

Article

https://doi.org/10.1038/s41592-025-02867-0

Extended Data Fig. 10 | 3D spatial mapping of molecular regions, cell types,
gene expression, and cell-cell adjacency analysis in ¢SCC. a, Molecular
tissue region maps visualized in 3D. Each dot represents a cell. Three molecular
regions can be identified: tumor, fibroblast-rich stroma, and normal skin.
These regions were identified by analyzing low-frequency, large-scale patterns
within the spatial neighbors graph. b, 3D spatial distribution of cell typesin
two independent cSCC tumor sections from the same patient, mapped using
Deep-STARmap. ¢, Gene expression profiles of marker genes across major cell
typesin the replicate. The color scale represents the log, fold change in gene
expression compared to the mean gene expression values across all cells. The

dotsize indicates the percentage of cells expressing the genes within each major
celltype.d, 2D cell-cell adjacency quantified in 4 different 15 pm subslices by
log enrichment, calculated as the logarithm of the ratio of observed adjacency
frequency to the mean adjacency frequency from1,000 permutations. The 2D
analysis is performed by projecting 15 um (-1 cell layer) slices along the z-axis,
taken within the same 3D volume as shown in Fig. 4. e, f, The 3D analysis detects
stronger patterns of cell-cell adjacencies because the number of connected cells
(edges of agiven cellin the mesh graph via Delaunay triangulation) is greater
thanin 2D. The 2D nearest-neighbor distances cannot accurately represent the
3D cellular environment.
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Statistics

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

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

|X’ 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.

[ ] Adescription 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)
2~ AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

D 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

XXX X [ OX OO0

|:| 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  Leica LAS-X microscope imaging software was used during data acquisition. Huygens 23.4.0 was used for image deconvolution.
Data analysis Deep-STARmap and Deep-RIBOmap are implemented based on MATLAB v.R2023b, Python v.3.8 and R v.4.2.1. The data processing tool has
been deposited to Zenodo.

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 and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio 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 description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Lc0c Y21o

The TEMPOmap sequencing data are available on the Single Cell Portal (https://singlecell.broadinstitute.org/single_cell/study/SCP1792) and can be accessed with
the following credential (for reviewers only, Accession: SCP1792, URL: https://singlecell.broadinstitute.org/single_cell/reviewer_access/3d65b9ff-3cae-4d12-9cde-
a586da081c16, PIN: ESCNEQJELB).

TEMPOmap analysis tool will be maintained and updated at https://github.com/wanglab-broad/TEMPOmap.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Experiments were applied on 41,4175 cells in total.

Data exclusions  See Methods section: Data processing for Deep-STARmap and Deep-RIBOmap

Replication Major findings in Deep-STARmap and Deep-RIBOmap dataset were drawn from one biological replicate.
Randomization  N/A.

Blinding N/A.

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.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies |:| ChiIP-seq
Eukaryotic cell lines |:| Flow cytometry
Palaeontology and archaeology g |:| MRI-based neuroimaging

Animals and other organisms
Human research participants

Clinical data

XXOOXOX 5
COOXX X[

Dual use research of concern

Eukaryotic cell lines

Policy information about cell lines

Cell line source(s) Human Hela cell line used in this study was purchased from ATCC (CCL-2, lot 70016358).
Authentication The cell line has been authenticated by the STR method.
Mycoplasma contamination The cell lines were confirmed as mycoplasma negative by DAPI (4",6-diamidino-2-phenylindole) or Hoechst DNA staining and

microscope imaging.

Commonly misidentified lines  None.
(See ICLAC register)

Animals and other organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals C57/BL6 female mice aged between 6 to 10 weeks
Wild animals N/A.

Field-collected samples  N/A.

Ethics oversight Institutional Animal Care and Use Committee (IACUC) of the Broad Institute of MIT and Harvard, under animal protocol #0255-08-19
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Note that full information on the approval of the study protocol must also be provided in the manuscript.

Human research participants

Policy information about studies involving human research participants

Population characteristics Discarded human squamous cell carcinoma tissue from patient Mohs micrographic surgeries were obtained from
Massachusetts General Hospital. All human skin cancer samples were fully deidentified prior to use, with the removal of
patient identifiers and demographic data to protect subject confidentiality in accordance with institutional guidelines.

Recruitment Consent for use of discarded tissue was obtained from patients receiving Mohs micrographic surgery treatment for skin
cancer. Participation had no impact on treatment.

Ethics oversight Massachusetts General Hospital IRB (protocol 2013P000093)

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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