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Networks are powerful tools to represent and investigate biological systems [1]. The 
development of algorithms inferring regulatory interactions from functional genomics 
data has been an active area of research [1,2]. With the advent of single-cell RNA-seq data 
(scRNA-seq), numerous methods specifically designed to take advantage of single-cell 
datasets have been proposed [3,4]. However, published benchmarks on single-cell 
network inference are mostly based on simulated data [3,4]. Once applied to real data, 
these benchmarks take into account only a small set of genes and only compare the 
inferred networks with an imposed ground-truth. Here, we benchmark six single-cell 
network inference methods based on their reproducibility, i.e., their ability to infer similar 
networks when applied to two independent datasets for the same biological condition. 
We tested each of these methods on real data from three biological conditions: human 
retina, T-cells in colorectal cancer, and human hematopoiesis. Once taking into account 
networks with up to 100,000 links, GENIE3 results to be the most reproducible algorithm 
and, together with GRNBoost2, show higher intersection with ground-truth biological 
interactions. These results are independent from the single-cell sequencing platform, the 
cell type annotation system and the number of cells constituting the dataset. Finally, 
GRNBoost2 and CLR show more reproducible performance once a more stringent 
thresholding is applied to the networks (1,000–100 links). In order to ensure the 
reproducibility and ease extensions of this benchmark study, we implemented all the 
analyses in scNET, a Jupyter notebook available at 
https://github.com/ComputationalSystemsBiology/scNET. 
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