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Laurent Jourdren1, Sandrine Perrin1 and Stéphane Le Crom1 

Long-read sequencing has recently been incorporated into single-cell RNA sequencing studies, and 
compared to the standard Illumina short-read library that primarily captures abundance information. Nanopore 
sequencing has several advantages : it can produce reads of several kb, it provides more precise 
transcriptome mapping/assembly and can detect complex isoform variants. However, this technique is limited 
by its low sequencing depth and the inaccurate assignment of cell barcodes (BC) and unique molecular 
identifiers (UMIs), which are critical for elimination of PCR bias and artifacts that are inherent to the 
sequencing material preparation [1]. To deal with this issue, several bioinformatics approaches have been 
developed using hybrid sequencing to guide the allocation of Nanopore reads using Illumina data. We 
performed a benchmark analysis of the available Single-Cell long-read hybrid sequencing based pipelines: 
SiCeLoRe [1], Snuupy [2] and FLAMES [3].  

We have the same biological sample from mice tumor sequenced on three different sequencing platforms:
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Introduction___________________________________________

Our dataset___________________________________________

Figure 1: Available Single-Cell long-read hybrid sequencing based approaches: SiCeLoRe, Snuupy and FLAMES. 
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reads
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ONT PromethION (Long reads – high 
throughput) 150M reads 

Figure 3: (A) Number of reads and CellBC–UMI assigned (B) Venn diagrams showing the overlap of  CellBC – UMI between 
SiCeLoRe and Snuupy between the Illumina and the PromethION dataset (150M reads).

Barcodes and UMIs assignment__________________________

Figure 2: (A) Upset plot showing the overlap of readName–CellBC–UMI between FLAMES, SiCeLoRe and Snuupy pipelines 
within MinION dataset (8.5M reads). (B) Venn diagrams showing the overlap of CellBC–UMI between FLAMES, SiCeLoRe and 
Snuupy between the Illumina.

Biological results______________________________________

Figure 4: UMAP plots comparing the biological results of SiCeLoRe and Snuupy vs Cell Ranger Illumina (short-read) at the gene 
level using the MinION and the PromethION dataset.

Isoform analysis_______________________________________

Conclusion___________________________________________

To compare SiCeLoRe isoform analysis module to FLAMES isoform detection module, we combined 
SiCeLoRe assignment part to the FLAMES isoform detection module. Then we compared the results of the 
full SiCeLoRe workflow to a hybrid SiCeLoRe–FLAMES workflow. SiCeLoRe outperform FLAMES in 
both quantity and diversity of isoforms detected.

Figure 5: (A) Number of transcripts detected by each method. (B) Venn diagrams showing the degree of annotated isoform overlap 
between SiCeLoRe and FLAMES outputs.

Figure 6: (A) Visualization of Dcn transcripts (IGV) (B and C) UMAP visualization of cells colored by the expression of two Dcn 
isoforms with differential expression across different cell types.

• SiCeLoRe is an efficient method that provides a good compromise between the number of reads 
assigned, accuracy and computing cost.

• Snuupy is a good alternative to SiCeLoRe for small datasets, it recovers 15% more reads compared 
to SiCeLoRe in MinION and biological results are closer to the results generated on the Illumina data.

• SiCeLoRe can also detect and quantify isoforms correctly.

We compared the performance of the pipelines in term of correction and assignment of barcodes and 
UMIs. Our results show a hight number of reads recovered by FLAMES and Snuupy but a good accurate 
assignement of SiCeLoRe on both MinION and PromethION data. 

We then compared the biological results of SiCeLoRe and Snuupy vs Cell Ranger Illumina (short-read) at 
the gene level using the MinION and the PromethION dataset. Snuupy cannot perform on the 
PromethION dataset and the best results are produced with SiCeLoRe on the PromethION dataset.

Then we compared the biological results of SiCeLoRe and FLAMES at the isoform level of the Dcn gene. 
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