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Single-cell analysis pipeline

Overview of commercial pipelines available
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CCS Segmentation
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Consensus sequence and segmentation of PacBio CCS reads
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https://skera.how/

https://ccs.how/

PacBio only

Adapted from https://skera.how/read-segments.html
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CCS Segmentation Primer removal Barcodes extraction
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Primers removal and barcodes extraction – Iso-Seq
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https://lima.how

Adapted from https://cdn.10xgenomics.com/image/upload/v1710230393/support-
documents/CG000731_ChromiumGEM-X_SingleCell3_ReagentKits_v4_UserGuide_RevA.pdf

XC XM
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CCS Segmentation Primer removal Barcodes extraction

Primer removal Barcodes extraction
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Primers removal and barcodes extraction – wf-single-cell
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https://github.com/torognes/vsearch

Identification of adaptors 

https://github.com/jeffdaily/parasail

Probes to extract CBs and UMIs

Adapted from https://github.com/epi2me-labs/wf-single-cell
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CCS Segmentation Primer removal Barcodes extraction Reads refining CB correction

Deduplication

Primer removal Barcodes extraction
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Iso-seq pipeline (cont.)
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Reads refinement – polyA trimming
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Iso-seq pipeline (cont.)
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Reads refinement – polyA trimming

Cell barcodes are known (10x whitelist)

Cell barcodes are corrected using Hamming distance <=2 

(2 substitutions maximum)

Low quality cells, empty droplets or ambient 

RNA are also filtered

Cell barcode correction

Adapted from https://downloads.pacbcloud.com/public/dataset/Kinnex-single-cell-

RNA/DATA-Revio-Kinnex-PBMC-10x3p/SL-Revio-PBMC-10x3p-ReadSegSingleCell.pdf
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Iso-seq pipeline (cont.)
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Reads refinement – polyA trimming

Deduplication – removing PCR artifacts using UMIs

Cell barcode correction

Adapted from https://isoseq.how/umi/high-level-workflow.html
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CCS Segmentation Primer removal Barcodes extraction Reads refining CB correction

Deduplication Mapping Transcriptome reconstruction Quantification

Primer removal Barcodes extraction
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Iso-seq pipeline (cont.)
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Reads refinement – polyA trimming

Deduplication – removing PCR artifacts with UMIs

Mapping to genome reference

Pbmm2

PacBio’s C++ wrapper of minimap2

Cell barcode correction
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Iso-seq pipeline (cont.)
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Reads refinement – polyA trimming

Deduplication – removing PCR artifacts with UMIs

Mapping to genome reference

Transcriptome reconstruction and curation

Cell barcode correction

https://isoseq.how/classification/pigeon.html

https://isoseq.how/classification/pigeon.html
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Iso-seq pipeline (cont.)
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Reads refinement – polyA trimming

Cell barcode correction

Deduplication – removing PCR artifacts with UMIs

Mapping to genome reference

Transcriptome reconstruction and curation

Expression matrices

https://isoseq.how/classification/pigeon.html

https://isoseq.how/classification/pigeon.html
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Pipelines overview
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CCS Segmentation Primer removal Barcodes extraction Reads refining CB correction

Deduplication Mapping Transcriptome reconstruction Quantification

Primer removal Barcodes extraction CB correctionMapping

Transcriptome reconstruction
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wf-single-cell pipeline (cont.)
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Mapping to genome reference

https://github.com/lh3/minimap2

https://github.com/lh3/minimap2
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wf-single-cell pipeline (cont.)
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Mapping to genome reference

Cell barcode correction

Cell barcodes are known (10x whitelist)

Cell barcodes are corrected using Levenshtein

distance <=2 (2 indels and/or substitutions maximum)

Low quality cells, empty droplets or ambient 

RNA are also filtered

Cell barcodes from the sample with high quality 

are shortlisted
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wf-single-cell pipeline (cont.)
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Mapping to genome reference

Transcriptome reconstruction

https://github.com/gpertea/stringtie

Using long read mode (-L)

At least 2 transcripts to call a transcript

Resulting transcriptome is annotated 

with the reference annotation

https://github.com/gpertea/gffcompare

Cell barcode correction Stringtie2

https://github.com/gpertea/stringtie
https://github.com/gpertea/gffcompare
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wf-single-cell pipeline (cont.)
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Mapping to genome reference

Transcriptome reconstruction

https://github.com/LuyiTian/FLAMES

Reads are mapped to the resulting transcriptome

Transcript assignment similar to FLAMES criteria

Intronic transcripts set to unknown

Uniquely mapped reads are assigned to transcripts

Ambiguously mapped reads are assigned or not 

depending on alignment score and coverage

Cell barcode correction

https://github.com/LuyiTian/FLAMES
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Pipelines overview
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CCS Segmentation Primer removal Barcodes extraction Reads refining CB correction

Deduplication Mapping Transcriptome reconstruction Quantification

Primer removal Barcodes extraction CB correction

UMI correction

Mapping

Transcriptome reconstruction Quantification
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wf-single-cell pipeline (cont.)
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Mapping to genome reference

Transcriptome reconstruction

UMI correction

UMI barcodes are NOT known (random sequences)

To reduce searching space, reads are clustered to 

assigned genes (or genomic interval if not assigned)

UMIs are corrected using Levenshtein distance <=2 

(2 indels and/or substitutions maximum)

https://github.com/CGATOxford/UMI-tools

Cell barcode correction

https://github.com/CGATOxford/UMI-tools
https://github.com/CGATOxford/UMI-tools
https://github.com/CGATOxford/UMI-tools
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wf-single-cell pipeline (cont.)
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Mapping to genome reference

Transcriptome reconstruction

UMI correction

Expression matrices

Expression matrices are further processed 

Cell with counts below 200 genes/transcripts (default)

Genes expressed in fewer than 3 cells (default)

Cells with more than 20% mitochondrial expression 

(default)

Counts are normalized to 10.000 reads/cell (default) and 

log10 transformed

Cell barcode correction

Corrected UMIs are collapsed and feature counts are 

summed
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Select tools appropriate for your question
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For transcriptome reconstruction

For transcriptome curation
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Question

Which one is the unique step of the wf-single-cell pipeline?
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Pipelines overview
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CCS Segmentation Primer removal Barcodes extraction Reads refining CB correction

Deduplication Mapping Transcriptome reconstruction Quantification Tertiary analysis

Primer removal Barcodes extraction CB correction

UMI correction

Mapping

Transcriptome reconstruction Quantification Tertiary analysis



Thank You!

For more information about the LongTREC Summer School:

https://longtrec.eu
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