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Extended Data Fig. 6 | See next page for caption.
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Extended Data Fig. 6 | Three-dimensional Array-seq analysis of serial
mousekidney sections. a, Images Array-seq data from eight mouse kidney
sections aligned inaZ-stack and colored according to z positions within the
stack. 80-120 pm were skipped in between each section. b—d, Uniform Manifold
Approximation and Projection (UMAP) plots of all spots from Array-seq profiles
aggregating all eight serial kidney sections and colored by z position (b), Leiden
clusters (c), or manually annotated clusters matching kidney tissue subregions
(d). CT, Connecting tubule; DCT, Distal Convoluted Tubule; G, Glomerulus;

ISOM, Inner Stripe of Outer Medulla; ISOM, Inner Stripe of Outer Medulla; PCT,
Proximal Convoluted Tubule. e, Bar plots of the proportion of spots annotated as
belonging toindicated kidney tissue subregions (y axis) for each tissue section
(xaxis).f, Spatial plots of indicated kidney tissue subregions (leftmost panels)
and subregion marker genes (scaled log,, expression) overlaid on grayscale H&E
images. Consecutive kidney sections are shown fromtop (z=1) tobottom (z=8).
Scalebars,1mm.
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Extended Data Fig. 7 | Reproducibility of Array-seq for multi-organ section
profiling. a, b, Correlation (Pearson’s coefficient) between replicate Array-

seq profiles (a), or between average Array-seq and bulk RNA-seq datasets

(b) for indicated mouse tissue types. Ina, shown are the normalized log,, unique
molecularidentifier (UMI) counts which were averaged across all spots for
eachgeneacrosseachreplicate. Inb, Shown are the normalized log,, unique
molecularidentifier (UMI) counts which were averaged across all spots for Array-
seqdata (n=2forbrainand 3 for liver and kidney sections) (y axis) or across
independent organ samples (n = 4) for bulk, whole-tissue RNA-seq data (x axis).

¢, Bar plots of the proportion of the total Array-seq spots under tissue sections
which matched indicated tissue subregions. Bars (x axis), replicate sections for
each organtype. For brain: Gran. Layer, Granular Layer; Mol. Layer, Molecular
Layer. For kidney: DCT, Distal Convoluted Tubule; G, Glomerulus; PCT, Proximal
Convoluted Tubule; ISOM, Inner Stripe of Outer Medulla; ISOM, Inner Stripe of
Outer Medulla. d, Spatial plots of indicated tissue subregions (leftmost panels)
and subregion marker genes (scaled log,, expression) overlaid on grayscale H&E
images. Scale bars,2 mm.
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Extended Data Fig. 8 | Spatial enrichment of gene ontology gene sets in

Array-seq profiles. a, ¢, e, Spatial plots of indicated tissue subregions (left) and

normalized enrichment score of indicated gene sets (right) in representative

kidney (a), brain (c), and liver (e) sections. For brain: Gran. L., Granular Layer; Mol.
L., Molecular Layer; Dent., dentate. For kidney: DCT, Distal Convoluted Tubule;
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G, Glomerulus; PCT, Proximal Convoluted Tubule; ISOM, Inner Stripe of Outer

Medulla; ISOM, Inner Stripe of Outer Medulla. Scale bars,2 mm. b, d, f, Heatmap

of enriched Gene Ontology (GO) terms (rows) in indicated tissue subregions

(columns) inrepresentative kidney (b), brain (d), and liver (f) sections. Values are
row normalized enrichment scores.
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Extended DataFig. 9| Array-seq analysis of a whole-mount, human spleen spot (b), unsupervised, Leiden clustering results (c), and scaled gene expression
section. a, H&E image of a whole-mount, human spleen section mountedontoan  forindicated marker genes for B cells (d), macrophages (e), and T cells (f). Scale
Array-seq slide. b-f, Spatial plots of total unique molecular identifiers (UMIs) per bars,5mm.
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Extended Data Fig.10 | Comparison between Array-seq and sequencing-
based, spatial transcriptomics methods. a, Dot plot showing the total surface
area available for spatial profiling (y axis) and the diameter of the barcoded
spots, beads, or DNA species arranged on the slides or substrates used for mRNA
capture (x axis) across indicated spatial transcriptomics methods compatible
with fresh-frozen histological sections. Pink dots indicate that amethod is
compatible with H&E imaging on the same section that is used for spatial
profiling. Easy-to-adopt indicates methods which can be readily deployed
without the need for special expertise, instrumentation, or custom-made

reagents. b, Diagram of Array-seq (left) and Visium (right) slides showing the
mRNA capture area (grey) sizes and positions at scale. c-e, Bar plots of the

total surface area available for mRNA capture (c), the sensitivity computed in
total unique molecular identifiers (UMIs) detected per um?(d), and the cost

per mm? of active surface area (e) for indicated method (xaxis). Ind, the sensitivity
analysis was performed using publicly available, preprocessed datasets for each
method on MOB tissue, except for Seq-Scope (mouse liver) and DBiT-seq (mouse
embryo).In e, asterisks indicate that library preparation costs are included.

Nature Methods


http://www.nature.com/naturemethods

nature portfolio

Corresponding author(s):  Nicolas Chevrier

Last updated by author(s): Aug 20, 2024

Reporting Summary

Nature Portfolio 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 Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

>
Q)
—
c
D)
§O)
o)
=
o
=
_
D)
©
o)
=
S
Q@
wv
[
3
3
Q
=
2

Statistics

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

X

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.
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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 Standard Illumina processing pipelines were used to collect pair-end sequencing data on Nextseq 550 and Nextseq 2000 instruments. Fastq
files were generated using BaseSpace DRAGEN Analysis v1.3.0 (lllumina).
Gel images were obtained with the ChemiDoc MP Imaging System (Bio-Rad) using the Image Lab Touch Software v2.2.0.08.
Tissue histology images were obtained with Olympus VS2000 slide scanner, and converted to png files using Qupath v0.2.3.

Data analysis For initial Array-seq data processing and count matrix generation, STAR/STARsolo 2.7.10a (https://github.com/alexdobin/STAR/blob/master/
docs/STARsolo.md) was used. Visium was also processed with Spaceranger v1.2.0 software (10x Genomics). Raw bulk sequencing data were
processed using bcbio-nextgen project (version 1.1.5). All code relevant to the file post processing, image alignment, DE and cell typing
analysis will be deposited on Zenodo (DOI: 10.5281/zenodo.10963424).

Software and package versions used during analysis:

Python 3.8.5 with the following packages:
- GraphST (1.0.0)

-anndata (0.8.0)

- cmapPy (0.6.6)

- commot (0.0.3)

- gseapy (0.14.0)

- matplotlib (3.5.2)

-numpy (1.22.4)

- pandas (1.3.5)




- scanpy (1.9.1)

- cell2location (0.1.3)
- scipy (1.10.1)

- seaborn (0.12.2)

- skimage (0.19.3)

R 4.1.0 with the following packages:
- tidyverse (2.0.0)

- data.table (1.14.8)
-cmapR (1.8.0)

- ggrepel (0.9.3)

- patchwork (1.1.2)
- edgeR (3.24.3)
-limma (3.38.3)

- Matrix (1.2.18)

- BayesSpace (1.5.1)
- Spacexr(2.2.1)

- CARD (1.0.0)

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

Raw and processed sequencing data are available from the NCBI Gene Expression Omnibus (accession numbers: GSE266246 and GSE266244).
Source code and preprocessed datasets are available at https://doi.org/10.5281/zenodo.13234161.

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender One female patient spleen sample was used in this study.

Population characteristics The human spleen sample was obtained from a white, 69-year-old female patient with metastatic high-grade serous
carcinoma of Mullerian origin. Treatment and genotyping information was not disclosed.

Recruitment The donor sample was collected obtained at the University of Chicago Medical Center (UCMC). Participants provided written
consent for inclusion in the study that entails the donation of tissue from planned clinical procedures (that exceeds
pathological diagnostic requirements and would normally be discarded) and clinical data for research purposes without
monetary compensation.

Ethics oversight Deidentified tissue sample collection and subsequent experiments were approved by the University of Chicago Biological
Sciences Division/UCMC Institutional Review Board (IRB = 21-0707).

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

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

Sample size Mice of the same age and strain were used in the analysis. Between 2 and 4 replicate sections from different mice were used in the
analysis (Main olfactory bulb, n=2; Array-seq and Visium kidney benchmarking, n = 4 per platform; three-dimensional kidney, n=8; multiple
organs in high throughput, n=2 (brain), n=3 (liver), n=3 (kidney); human spleen; n=1). No statistical methods were used to predetermine
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sample sizes, but our sample sizes are similar to those reported in previous publications. The whole mount human spleen profiling wasn =1
due to limited tissue sample availability.

Data exclusions | Some tissue sections were excluded from analysis if sectioning artifacts were observed.

Replication Mice of the same age and strain were used in the analysis. All spatial profiles of gene expression, cluster annotation and cell type occupancy
shown in this study are representative of at least two independent experiments.

Randomization  Randomization was not needed because no treatment groups were part of this study.

Blinding Blinding was not needed because no treatment groups were part of this study.

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.
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Materials & experimental systems Methods

n/a | Involved in the study n/a | Involved in the study
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|Z |:| Eukaryotic cell lines |:| Flow cytometry

|Z |:| Palaeontology and archaeology |:| MRI-based neuroimaging
|:| Animals and other organisms
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Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals C57BL/6J mice (wild-type, stock 000664). were obtained from the Jackson Laboratories. For all experiments, mice were used at 6
weeks of age. Animals were housed in specific pathogen-free and BSL2 conditions at The University of Chicago. Mice were on 12hr
light/dark cycles with daylight in Chicago, IL, USA. University of Chicago's Animal facility was maintained at 25 degree ¢ and 30-70%

humidity.
Wild animals The study did not involve wild animals.
Reporting on sex Only female mice were used for experiments.

Field-collected samples  n/a

Ethics oversight All experiments were performed in accordance with the US National Institutes of Health Guide for the Care and Use of Laboratory
Animals and approved by The University of Chicago Institutional Animal Care and Use Committee.

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






