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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.

Data
Policy information about availability of data

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),
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Life sciences study design
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Sample size

scLENS was built using Julia 1.8.5 and tested with Julia 1.10.0.

All dependent packages of scLENS and their versions are as follows:

ArgParse v1.1.4, CSV v0.10.12, CUDA v5.1.1, CairoMakie v0.11.4, Clustering v0.15.6, CodecLz4 v0.4.1, ColorSchemes v3.24.0, Colors v0.12.10,
DataFrames v1.6.1, Distances v0.10.11, Glob v1.3.1, InlineStrings v1.4.0, JLD2 v0.4.41, Makie v0.20.3, Muon v0.1.1, NPZ v0.4.3, NaNStatistics
v0.6.33, Pandas v1.6.1, ProgressMeter v1.9.0, RCall v0.13.18, StatsBase v0.33.21, Suppressor v0.2.6, UMAP v0.1.10, LinearAlgebra, Printf,
Random, SparseArrays v1.10.0

The scLENS code and installation instructions are available at the GitHub link: https://github.com/Mathbiomed/scLENS.

The real datasets used in this study are publicly available and can be accessed through the following sources: Koh, Kumar, and Trapnell datasets were obtained from
the GitHub repository [https://github.com/markrobinsonuzh/scRNAseq_clustering_comparison]. Zheng datasets were obtained from 10x Genomics datasets
[https://www.10xgenomics.com/resources/datasets]. The Tabula Muris dataset was obtained from the Tabula Muris Project [https://tabula-muris.ds.czbiohub.org/].
The immune cell dataset was obtained from the Cross-tissue Immune Cell Atlas [https://www.tissueimmunecellatlas.org]. The mouse fibroblasts dataset was
obtained from ArrayExpress under the accession code E-MTAB-10148 [https://www.ebi.ac.uk/biostudies/arrayexpress/studies/E-MTAB-10148]. The perinatal
mouse hematopoietic stem cells dataset was obtained from ArrayExpress under the accession code E-MTAB-13293 [https://www.ebi.ac.uk/biostudies/arrayexpress/
studies/E-MTAB-13293]. The fibroblast and HEK cells dataset were obtained from ArrayExpress under the accession code E-MTAB-8735 [https://www.ebi.ac.uk/
biostudies/arrayexpress/studies/E-MTAB-8735]. The siRNA KnockDown dataset was obtained from the GitHub repository [https://github.com/sandberg-lab/
lncRNAs_bursting/tree/main/data]. The JM8 cells dataset was obtained from Gene Expression Omnibus (GEO) database under the accession code GSE103568
[https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE103568]. The HEK293FT, K562, and human PBMC cells datasets were obtained from ArrayExpress under
the accession code E-MTAB-11467 [https://www.ebi.ac.uk/biostudies/arrayexpress/studies/E-MTAB-11467]. The human brain cells dataset was obtained from the
Hemberg Lab repository [https://hemberg-lab.github.io/scRNA.seq.datasets/human/brain/#darmanis]. The scRNA-seq dataset with cells from mouse zygotes to
blastocysts was obtained from the Hemberg Lab repository [https://hemberg-lab.github.io/scRNA.seq.datasets/mouse/edev/#deng]. The mouse embryos dataset
was obtained from the Hemberg Lab repository [https://hemberg-lab.github.io/scRNA.seq.datasets/mouse/edev/#goolam]. The colorectal tumor cells dataset was
obtained from the Hemberg Lab repository [https://hemberg-lab.github.io/scRNA.seq.datasets/human/tissues/#li]. Source data for Figs. 4-7 and Supplementary
Figs. 6-7 have been provided with this paper. A selection of the real datasets and all simulated datasets used in this study are available in the GitHub repository
[https://github.com/Mathbiomed/scLENS] and archived at Zenodo [https://doi.org/10.5281/zenodo.10839592].
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To minimize the sample size effect, we sampled ~3,000 cells from the generated ~60,000 simulated immune cells pool to create 13 simulated




