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Data analysis

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.
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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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R package:

scran(v1.28.2)

saver(v1.1.2)

BayesSpace(v1.5.1, https://github.com/edward130603/BayesSpace)

Python packages:

Pianno(v2.0.0 , https://github.com/yuqiuzhou/Pianno)

DeepST(https://github.com/JiangBioLab/DeepST)

STAGATE(v1.0.1, https://github.com/zhanglabtools/STAGATE)

SpaGCN(v1.2.7, https://github.com/jianhuupenn/SpaGCN)

SEDR(https://github.com/JinmiaoChenLab/SEDR )

scanpy(v1.9.1)

squidpy(v1.2.2)

scikit-learn(v1.0.2)

scikit-image(v0.19.2)

opencv-python(v4.5.5.64)

tensorflow-gpu(v2.6.0)

tensorflow-probability(v0.14.0)

Spatial transcriptome data from the adult human primary motor cortex (M1C) and anterior cingulate cortex (ACC) generated for this study has been deposited in
the Genome Sequence Archive (GSA) under accession HRA004425, and the processed datasets are available at https://github.com/yuqiuzhou/Pianno. All public
datasets utilized in this study are accessible in their raw form from the respective original authors. Specifically, the human dlPFC dataset is available within the
spatialLIBD (http://spatial.libd.org/spatialLIBD). The processed Stereo-seq datasets from adult mouse coronal hemibrain and olfactory bulb are available at the
Spatial Transcript Omics DataBase (STOmics DB) (https://db.cngb.org/stomics). The pre-processed SlideseqV2 dataset from mouse hippocampus is accessible within
the Squidpy package (https://github.com/scverse/squidpy). The ST datasets of human pancreatic ductal adenocarcinoma are available at the Gene Expression
Omnibus under accession number GSE111672. The Visium datasets of human breast cancer are collected from the 10x Genomics website (https://
support.10xgenomics.com/spatial-gene-expression/datasets). The scRNA-seq dataset from mouse primary visual cortex is available at the NCBI Gene Expression
Omnibus (GEO) under accession GSE115746. The snRNA-seq dataset from multiple human cortical areas is available at Allen Brain Map (https://portal.brain-
map.org/). The DAPI staining image of mouse olfactory bulb is accessible on https://github.com/JinmiaoChenLab/SEDR analyses.

Sex and gender were not taken into consideration in this study.

No categorization on race, ethnicity, or other socially relevant groupings was defined or conducted in this study. The research
utilized biological samples from a single human participant, and this individual's demographics were not pertinent to the
specific questions being addressed in this study.

A single healthy neocortical area from a 77-year-old female was utilized to generate spatial transcriptome data.

Postmortem specimens used to generate spatial transcriptome sequencing data were obtained from adult donors with
clinically unremarkable backgrounds. The time elapsed since death (postmortem interval, PMI) was less than 24 hours, and all
donor information was de-identified.

Ethical approval for this study was obtained from the School of Basic Medical Sciences, Fudan University (Approval No. 2020-
C006).




