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Sample size

- Cell lines. We retrieve a scCAT-seq (RNA+ATAC) dataset with 205 cells from three cancer cell lines (HCT116, HeLa-S3, K562) from Liu et al. Data is available in the
Supplementary Materials of the original publication.

- PBMC 10X. We retrieve a 10X Genomics Multiome (RNA+ATAC) dataset available at

https://www.10xgenomics.com/datasets/pbmc-from-a-healthy-donor-no-cell-sorting-10-k-1-standard2-0-0.

- OP Multiome and OP Cite. We retrieve a Multiome (RNA+ATAC) and a Cite-seq bone marrow dataset from the 2021 NeurIPS Open Problems challenge. The GEO
accession number is GSE194122 and the data is available at https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE194122.

- BMCITE. We retrieve a CITE-seq (RNA+ADT) bone marrow dataset from Stuart et al, the GEO accession number is GSE128639 and the data is available at

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE128639.

- Smartseq cortex. We retrieve a scRNA-seq mouse somatosensory cortex dataset from Zeisel et al. using scvi-tools’s helper

function scvi.data.cortex. The data is available at https://storage.googleapis.com/linnarsson-lab-wwwblobs/blobs/cortex/expression_mRNA_17-Aug-2014.txt.

- smFISH. We retrieve an osmFISH mouse somatosensory cortex dataset from Codeluppi et al. using scvi-tools’s helper function scvi.data.cortex. The data is available
at

http://linnarssonlab.org/osmFISH/osmFISH_SScortex_mouse_all_cells.loom.

- 3omics RNA. We retrieved a scRNA-seq dataset of PBMCs from the Covid study of Wilk et al. and selected cells from all healthy patients. The GEO accession
number is GSE150728 and the data is available at https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE150728.

- 3omics ATAC. We retrieve a scATAC-seq dataset of PBMCs and Bone marrow cells from the hematopoietic study of Satpathy et al. in which we select the four
batches of PBMCs ("PBMC_Rep1", "PBMC_Rep2", "PBMC_Rep3", "PBMC_Rep4"). The GEO accession number is GSE129785 and the data is available at

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE129785.

- 3omics CyTOF. We retrieve a CyTOF dataset of PBMCs from the Covid study of the Combat Consortium in which we select an experimental batch of healthy cells
(Batch B). The data is available at 10.5281/zenodo.5139560 under the name “CBD-KEYCYTOF-WB.tar.gz”.

- Patch neurons. We retrieve a Patch-seq dataset of mouse primary motor cortex cells published by Scala et al. The scRNA counts are available with GEO accession
number GSE163764 at

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE163764 and neuronal morphological reconstructions are available at https://
download.brainimagelibrary.org/3a/88/3a88a7687ab66069/.

We used 11 different datasets which were chosen based on their quality, previous uses in the literature and availability. They represent a large enough number of
biological conditions and measured modalities to provide a thorough study of what our method can accomplish.
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Every method in the benchmark was run with 5 different initialization random seeds (except Seurat whose outputs don't vary across seeds) to
account for the stochasticity of the methods.




