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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

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.
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other socially relevant groupings

Population characteristics
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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.
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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

All data analyzed in this manuscript are available in their raw form from the respective original authors. (1) The 10X Visium data of colorectal cancer are available at
the Single-Cell Colorectal Cancer Liver Metastases (CRLM) Atlas (http://www.cancerdiversity.asia/scCRLM); (2) The Slide-seqV2 data are available at the Single Cell
Portal (https://singlecell.broadinstitute.org/single_cell/study/SCP815); (3) The MERFISH datasets are available in the Dryad Digital Repository from https://
doi.org/10.5061/dryad.8t8s248; (4) The mouse olfactory bulb data generated by high-definition spatial transcriptomics (HDST) are available at the NCBI Gene
Expression Omnibus (GEO) database repository under accession code GSE130682; (5) The 10X Visium data of primary liver cancer are available at the Genome
Sequence Archive (GSA) under accession code HRA000437; (6) The 10X Visium data of renal clear cell cancer brain metastasis are available at the NCBI Gene
Expression Omnibus (GEO) database repository under accession code GSE179572. Source data are provided with this paper.

This study's scope and objectives did not necessitate the inclusion of sex- and gender-based analyses. HEARTSVG primarily
focuses on the development of the method for spatially variable gene identification in large-scale spatial transcriptomic data.
As a result, the study does not directly involve reporting on sex and gender-related analyses or considerations. Therefore,
information regarding sex and gender, including disaggregated data and consent for individual-level data sharing, has not
been collected for this particular research.

In our study, we did not utilize any socially constructed or socially relevant categorization variables such as race, ethnicity, or
other groupings.

As a methodological research article, HEARTSVG aims to identify spatially variable genes in large-scale spatial transcriptomic
data. This study did not collect population characteristics, such as age, genotypic information, diagnosis, or treatment
categories.

In this study, the data used for analysis in HEARTSVG were publicly available datasets. As a methodological research article,
we did not conduct participant recruitment or involve human subjects.

Ethics oversight and approval were not applicable to our research. This study did not conduct any experiments or studies that
required ethics approval. All datasets used in this study were publicly available.

In this study, no formal sample size calculation was performed as the concept of sample size is not applicable to the methodology used in
HEARTSVG. HEARTSVG is a computational method for spatially variable gene identification in spatial transcriptomic data, and the analysis is
not based on traditional sample sizes but rather on the number of spatial spots and genes within the dataset. The sample sizes in the spatial
transcriptomic datasets used were chosen to ensure comprehensive coverage of the spatial gene expression patterns and to provide sufficient
information for the analysis.

In this study, we excluded cells with no gene expression and genes with expression rates below 1% to satisfy computational requirements.

Replication is not applicable to our study. HEARTSVG focuses on the identification of spatially variable gene or spatial transcriptomic data
analysis. As such, there are no experimental findings to be replicated or reproduced. The reproducibility in this context pertains to the
computational implementation of the HEARTSVG method, which can be verified by providing the source code, algorithms, and detailed
descriptions in the manuscript.

Randomization is not applicable to our study. HEARTSVG is a computational method for spatially variable gene identification in spatial
transcriptomic data, not involving experimental treatments or interventions.




