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Human research participants
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Reporting on sex and gender

Population characteristics

Recruitment

Ethics oversight

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

Data exclusions

Replication

geo/query/acc.cgi?acc=GSE155673).

The Bost PBMC data is available in the GEO database under accession code GSE157344 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE157344).

The COMBAT data is available in the EGA database under accession code EGAS00001005493 (https://ega-archive.org/studies/EGAS00001005493).

The Combes data is available in the GEO database under accession code GSE163668 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE163668).

The Lee data is available in the GEO database under accession code GSE147507 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE147507).

The Liu data is available in the GEO database under accession code GSE161918 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE161918).

The Ramaswamy data is available in the GEO database under accession code GSE166489 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE166489).

The Ren data is available in the GEO database under accession code GSE158055 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE158055).

The Schulte-Schrepping data is available in the EGA database under accession code EGAS00001004571 (https://ega-archive.org/studies/EGAS00001004571).

The Schuurman data is available in the GEO database under accession code GSE164948 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE164948).

The Silvin data is available in the EBI database under accession code E-MTAB-9221 (https://www.ebi.ac.uk/biostudies/arrayexpress/studies/E-MTAB-9221).

The Sinha data is available in the GEO database under accession code GSE157789 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE157789).

The Stephenson data is available in the EBI database under accession code E-MTAB-10026 (https://www.ebi.ac.uk/biostudies/arrayexpress/studies/E-MTAB-10026).

The Su data is available in the EBI database under accession code E-MTAB-9357 (https://www.ebi.ac.uk/biostudies/arrayexpress/studies/E-MTAB-9357).

The Thompson data is available in the GEO database under accession code GSE166992 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE166992).

The Unterman data is available in the GEO database under accession code GSE155224 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE155224).

The Wilk data is available in the GEO database under accession code GSE174072 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE174072).

The Yao data is available in the GEO database under accession code GSE154567 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE154567).

The Zhao data is available at Figshare (https://figshare.com/articles/dataset/seu_obj_h5ad/16922467).

The Zhu data is available at the CNGB database under project code CNP0001102 (https://db.cngb.org/search/project/CNP0001102/).

The COVID-19 IMC data. The COMBAT data used in this study is available in the EGA database under accession code EGAS00001005493 (https://ega-archive.org/
studies/EGAS00001005493). The Geanon data is available at FlowRepository under the accession code FR‐FCM‐Z2XA (http://flowrepository.org/id/FR-FCM-Z2XA).

The COVID-19 IMC data.

The Rendeiro data is available in Zenodo under the accession code zenodo.4110560, zenodo.4139443 and zenodo.4637034 (https://zenodo.org/record/4110560,

https://zenodo.org/record/4139443,

https://zenodo.org/record/4637034,

)

n/a

n/a

n/a

n/a

We evaluated our method by using a data collection of scRNA-seq data with 20 studies, a CyTOF data collection, a IMC data collection. We
selected these datasets as they represent a wide ranges of data characteristics of single-cell datasets, including different number of cells,
number of cell types, number of features, technologies and platforms. Therefore, the datasets are sufficient to demonstrate the accurate and
robust performance of our method.

For Ren et al. COVID-19 dataset, we excluded the cells that are collected using FASC-sorted technology since we focus on data integration of
non FACS-sorted COVID-19 PBMC or whole blood samples data.

To ensure robustness and reproducibility of the findings, we ensured that our results are robust when random subsampling of the data was
generated; method are demonstrated via datasets generated by different technologies and scale; classification task was performed via




