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Research involving human participants, their data, or biological material
Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender

Reporting on race, ethnicity, or
other socially relevant groupings

Population characteristics

Recruitment

Ethics oversight

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

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

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.

BaristaSeq Visual cortex data: [https://download.brainimagelibrary.org/06/35/0635a0];

MERFISH Frontal cortex data: [https://cellxgene.cziscience.com/collections/ 31937775-0602-4e52-a799-b6acdd2bac2e];

MERSCOPE (Vizgen) Brain data: [https://info.MERSCOPE.com/mouse-brain-data], it can also be downloaded from SODB [https://gene.ai.tencent.com/SpatialOmics/
dataset?datasetID=152];

ST Olfactory bulb data: [https://www.spatialresearch.org/resources-published-datasets/];

Visium data: [https://www.10xgenomics.com/resources/datasets];

Slide-seq data: [https://singlecell.broadinstitute.org/single_cell/study/SCP815/sensitive-spatial-genome-wide-expression-profiling-at-cellular-resolution#study-
summary];

Stereo-Seq data: [https://db.cngb.org/stomics/datasets/STDS0000058];

osmFISH data: [http://linnarssonlab.org/osmFISH/];

ExSeq data: [10.5281/zenodo.4075515];

STARmapPLUS data: [https://singlecell.broadinstitute.org/single_cell/study/SCP1375];

Allen Reference Atlas: [https://mouse.brain-map.org/experiment/thumbnails/100048576?image_type=atlas];

We also provide the benchmark datasets as h5ad format via SODB, please find how to load them in the tutorial [https://mender-tutorial.readthedocs.io/en/latest/].

Not relevant.

Not relevant.

Not relevant.

Not relevant.

Not relevant.

There are no in-house data in this study, and all the data used in this study are from public papers. So no sample size calculation was
performed. The rationale for these sample sizes are besed on related methods papers published earlier, and we included more sample
datasets to benchmark our method than related method papers.

None data were excluded from the raw.

Each experiments were replicated for 5 runs.

Randomization was achieved by setting random seeds.

The algorithm developer and the data analyzer are the same person, so totally blinding is impossible.




