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Outline

1. Introduction of Single-cell RNA-Seq experiment and application

2. Analysis of 10X scRNA-seq data

-- Cell Ranger command line

-- 10X Cloud

3. Data visualization and advanced analysis

-- Loupe Browser

-- Further analysis: Seurat (R package) or Scanpy (python)
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ÅCell heterogeneity (discovering rare cell types, ex: cancer stem cells)

ÅCell population dynamics

ÅClonal evolution (developmental trajectories)

ÅCell regulatory networks

Why using single-cell RNA-Seq 
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Popular commercial single cell RNA-Seq platforms 

10x Genomics: Chromium

BD (Becton, Dickinson and Company):BD Rhapsody

Takara Bio: SMART-seq

Parse Biosciences: Evercode Technology

Singleron Bio: SCOPE Kits

Bio-Rad: ddSEQ Single-Cell Isolator

Mission Bio: Tapestri Platform

Χ
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10X Genomic Single-cell sequencing workflow 

https://doi.org/10.1371/journal.ppat.1011898

UMI: Unique molecular identifiers

GEMs (Gel Bead-in-Emulsion)
1. Reverse transcriptions occur 
2. Pooled for cDNA amplification
3. Library construction

Illumina 
Sequencing

bcl2fastq



IMB Bioinformatics Core

10x Chromium Single-cell Gene Expression

GEM-X Flex Gene Expression GEM-· ¦ƴƛǾŜǊǎŀƭ оΩ DŜƴŜ 9ȄǇǊŜǎǎƛƻƴGEM-· ¦ƴƛǾŜǊǎŀƭ рΩ DŜƴŜ 9ȄǇǊŜǎǎƛƻƴ

Reverse transcription-basedProbe-based
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Compatible samples

GEM-X Flex Gene Expression GEM-· ¦ƴƛǾŜǊǎŀƭ оΩ DŜƴŜ 9ȄǇǊŜǎǎƛƻƴGEM-· ¦ƴƛǾŜǊǎŀƭ рΩ DŜƴŜ 9ȄǇǊŜǎǎƛƻƴ
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Multiomic  capabilities

GEM-X Flex Gene Expression GEM-· ¦ƴƛǾŜǊǎŀƭ оΩ DŜƴŜ 9ȄǇǊŜǎǎƛƻƴGEM-· ¦ƴƛǾŜǊǎŀƭ рΩ DŜƴŜ 9ȄǇǊŜǎǎƛƻƴ
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Feature Barcode Technology

Antibody Capture (cell surface protein measurement): A 
method to label cell surface proteins using a specific protein binding 
molecule, such as an antibody conjugated to a Feature Barcode 
oligonucleotide.

CRISPR Guide Capture: A method to analyze gene expression 
changes caused by the presence of CRISPR perturbations. The assay 
captures the full transcriptome and transfected guide RNAs from the 
same cell to correlate changes in the transcriptome to CRISPR 
perturbations.

3' Cell Multiplexing: A method to label a given cell (or nuclei) 
sample with a molecular tag and subsequently pooling this sample 
with other labeled samples.
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Feature Barcode Technology
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Multiplexed GEM-X Gene Expression

On-chip multiplexSingleplex
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Chromium Single Cell - Gene Expression



IMB Bioinformatics Core

Multiplexed GEM-X Gene Expression

In-line multiplexSingleplex
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ÅGEM-X Universal 3ô Gene Expression & Feature Barcode

ÅGEM-X Flex Gene Expression & Feature Barcode

GEM-X Gene Expression & Feature Barcode (e.g., 
Cell Surface Protein/ Antibody Capture)
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GEM-X 3ô Gene Expression & Feature Barcode

AAAAAAAAAAA
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Library Construction of GEM-X 3ô Gene Expression & 
Feature Barcode
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Library Construction of GEM-X 3ô Gene Expression & 
Feature Barcode



IMB Bioinformatics Core

Library Construction of GEM-X 3ô Gene Expression & 
Feature Barcode
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Sequencing Library Structure

Index Purpose

P5/P7 the library fragment to attach to the flow cell surface (Illumina)

Sample Index (i5/i7) demultiplexing sequencing runs when running more than one sample per lane (Illumina)

Seq Read1/2 Illumina sequencing adaptors

10x Barcode Cell Barcode (Bead specific) --- each Cell

UMI 12 nt Unique Molecular Identifier --- each RNA molecule

Capture Seq The reverse complement of the sequence inserted into the DNA or RNA based Feature

Feature Barcode Barcode for Capture Seq

Illumina libraryIllumina library

(16 bp) 

(12 bp) 
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Cell Ranger countï GEM-X 3ô or 5ô

cellranger count --id=sampleID \
 --transcriptome=/path/to/refdata-gex-GRCh38-2024-A \
 --create-bam=true \
 --libraries=library.csv \
 --feature-ref=feature_ref.csv

Feature Reference CSV (comma delaminated)Library CSV(comma delaminated)
(GEX + Antibody Capture + CRISPR Guide Capture)
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Reference transcriptome

1. Downloadable pre-built references transcriptomes:
https://www.10xgenomics.com/support/software/cell-ranger/downloads#reference-
downloads

2. mkgtf & mkref

cellranger mkgtf ref_genome.gtf \
 ref_genome.filtered.gtf \
 --attribute=gene_biotype:protein_coding

cellranger mkref \
    --genome=ref_genome \
    --fasta=ref_genome.primary_assembly.fa \
    --genes=ref_genome.filtered.gtf

https://www.10xgenomics.com/support/software/cell-ranger/downloads#reference-downloads
https://www.10xgenomics.com/support/software/cell-ranger/downloads#reference-downloads
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Cell Ranger GEM-X 3ô or 5ô data analysis pipeline

Stage 1: Pre-processing with Cell Ranger Stage 2: Downstream Analysis with Seurat or Scanpy

Raw Seq Data - fastq

Demultiplexing - fastq

Cell Barcode & UMI Filtering

Mapping to Reference 
(STAR)

Count matrix
(cellranger output)

Quality Control (QC)
nfeature, UMI, MT genes

Normalization and Scaling

Feature Selection

Generate feature count 
matrix

Dimensionality Reduction & 
Clustering

DEGs

RNA 
Velocity

Trajectories

Cell Chat
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Data Analysis Algorithm

Barcode Extraction 
and filtering

Read Mapping to 
reference

Feature count 
by UMI 
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Flex Gene Expression & Feature Barcode
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Library Construction of GEM -X Flex Gene 
Expression & Feature Barcode
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Library Construction of GEM -X Flex Gene 
Expression & Feature Barcode
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Library Construction of GEM -X Flex Gene 
Expression & Feature Barcode
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Cell Ranger count Pipeline ï GEM-X Flex

cellranger multi --id=sampleID \
 --csv=flex_multi_config.csv
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Cell Ranger analysis pipeline ï GEM-X Flex
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Singleplex Flex, 1 Probe Barcode

[gene-expression]
reference,/path/to/refdata-gex-GRCh38-2024-A 
probe-set,/path/to/Transcriptome_Probe_Set.csv
create-bam,false

[libraries]
fastq_id,fastqs,feature_types
flex_gex,/path/to/ fastqs,Gene Expression

https://www.10xgenomics.com/support/software/cell-ranger/latest/analysis/running-pipelines/cr-flex-multi-frp
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Singleplex Flex with Antibody Capture, 1 Probe 
Barcode

[gene-expression]
reference,/path/to/refdata-gex-GRCh38-2024-A
probe-set,/path/to/Transcriptome_Probe_Set.csv
create-bam,false

[libraries]
fastq_id,fastqs,feature_types
flex_gex,/path/to/ fastqs,Gene Expression
flex_ab,/path/to/ fastqs,Antibody Capture

[feature]
reference,/path/to/feature_reference.csv
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Multiplex Flex, multiple Probe Barcodes/ sample

[gene-expression]
reference,/path/to/refdata-gex-GRCh38-2024-A
probe-set,/path/to/Transcriptome_Probe_Set.csv
create-bam,false

[libraries]
fastq_id,fastqs,feature_types
flex_gex,/path/to/ fastqs,Gene Expression

[samples]
sample_id,probe_barcode_ids,description
sample1,BC001|BC002,Control
sample2,BC003|BC004,Treated
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Multiplex Flex and CRISPR, 1 Probe Barcode 
pair/sample

[gene-expression]
reference,/path/to/refdata-gex-GRCh38-2024-A
probe-set,/path/to/Transcriptome_Probe_Set.csv
create-bam,false

[libraries]
fastq_id,fastqs,feature_types
flex_gex,/path/to/ fastqs,Gene Expression
flex_cr,/path/to/ fastqs,CRISPR Guide Capture

[feature]
reference,/path/to/feature_reference.csv

[samples]
sample_id,probe_barcode_ids
sample1,BC001+CR001
sample2,BC002+CR002
sample3,BC003+CR003
sample4,BC004+CR004
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Åcellranger count

 ς Count gene expression and/or feature barcode reads from a single sample and GEM 
well: aligning reads, filtering low-quality cells, counting barcoded reads, and generating a 
feature-barcode matrix

Åcellranger multi

 ς analyzes multiplexed or combined 10x Genomics library types from a single GEM 
well, including Gene Expression, V(D)J, and Feature Barcode

Åcellranger mkref

 ς Prepare a custom reference for use with 10x analysis software

Åcellranger aggr

 ς Aggregate data from multiple Cell Ranger runs

Åcellranger annotate

 ς Annotate cell-types from outputs of a CellRanger run

Åcellranger reanalyze

 ς Reanalyze data using tunable parameters (dimensionality reduction, clustering, etc)

Cell Ranger commands

Primary

Secondary
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cellranger aggr (merges multiple runs)

$ cellranger aggr --id=run_ID \
                   --csv=libraries.csv \
                   --normalize=mapped

A unique run id and output folder name

libraries.csv

Sample_ID,molecule_h5
Sample1, Sample1/outs/molecule_info.h5
Sample2, Sample2/outs/molecule_info.h5

After individual count processing for each run, aggregate the output results (molecule_info.h5)
(After cellranger count)
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cellranger annotate (Cell type annotation)

cellranger annotate --id=sampleID \
    --matrix=filtered_feature_bc_matrix.h5\
    --cell-annotation-model=auto \
    --tenx-cloud-token-path=/path/to/10xcloud_token.json

After individual count processing for each run, aggregate the output results (filtered_feature_bc_matrix.h5)
(After cellranger count)
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cellranger annotate
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cellranger annotate(Cell type annotation)
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cellranger reanalyze

$ cellranger reanalyze --id=runID_reanalysis \
                       --matrix=path-to-output/outs/filtered_feature_bc_matrix.h5 \
                       --params=reanalysis.csv

A unique run id and output folder name

reanalysis.csv

num_principal_comps,20
max_clusters,30
num_pca_bcs,50000
num_pca_genes,3000

reruns secondary analysis performed on the feature-barcode matrix (dimensionality reduction, 
clustering and visualization) using different parameter settings (filtered_feature_bc_matrix.h5)

(After cellranger count)

https://support.10xgenomics.com/single-cell-gene-expression/software/pipelines/latest/using/reanalyze

Randomly subset data to N barcodes when computing PCA projection

Subset data to the top N genes (ranked by normalized dispersion) when computing PCA
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10X Cloud Analysis (demo)

https://cloud.10xgenomics.com/
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10X Cloud Analysis -  3ô Gene Expression



IMB Bioinformatics Core

Output files ï cellranger count (singleplex)

ω web_summary.html ς Web format QC report
ω filtered_feature_bc_matrix (for further analysis, ex: Seurat)
 ς barcodes.tsv.gz - cell level barcodes seen in this sample
 ς features.tsv.gz - list of quantitated features (usually Ensembl genes)
 ς matrix.mtx.gz - (sparse) matrix of counts for cells and features
ω possorted_genome_bam.bam ς BAM file of mapped reads
ω molecule_info.h5 ς Details of the cell barcodes (for data merging - 
cellranger aggr)
ω cloupe.cloupe ς Analysis data for Loupe Cell browser
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Output files ï cellranger multi ( per_sample_outs )

ω web_summary.html ς Web format QC report
ω sample_filtered_feature_bc_matrix (for further analysis, ex: Seurat)
 ς barcodes.tsv.gz - cell level barcodes seen in this sample
 ς features.tsv.gz - list of quantitated features (usually Ensembl genes)
 ς matrix.mtx.gz - (sparse) matrix of counts for cells and features
ω sample_alignments.bam ς BAM file of mapped reads
ω sample_molecule_info.h5ς Details of the cell barcodes (for data merging - 
cellranger aggr)
ω sample_cloupe.cloupe ς Analysis data for Loupe Cell browser



IMB Bioinformatics Core

Output files 

ω analysis:
 ς clustering (graphclust/kmeans)
 ς diffexp (graphclust/kmeans)
 ς pca 
 ς tsne
 ς umap
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Evaluating output data

ω web_summary.html
 ς Check valid barcode
  ς Check valid UMI
 ς Check quality of data (Q30)
 ς Check sequencing saturation
  ς Check number of cells
 ς Check mean reads per cell
 ς Check library diversity
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Evaluating output data
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Evaluating output data
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Calling cell barcodes

Step 1: High RNA content cell identification (OrdMag) Step 2: Low RNA content cell identification (EmptyDrops)

--expect-cells
--force-cells 

(N = 3000)

Simple Good-Turing 
smoothingalgorithm
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Evaluating output data - Barcode rank plot

Cells and background barcodes 
have similar UMI counts

UMI - each read (RNA molecule)
Barcode - each cell
Feature - each gene

Y: the number of UMI counts mapped to each barcode
X: the number of barcodes below that value
A steep drop-off is indicative of good separation between the cell-associated barcodes and the background barcodes.
Barcode rank plot shows distribution of barcode counts and which barcodes were inferred to be associated with cells.
/Ŝƭƭǎ ŀǊŜ ŎƻƭƻǊŜŘ ƛƴ άōƭǳŜέ
.ƭǳŜ ŎƻƭƻǊΩǎ ƎǊŀŘƛŜƴǘ ƛǎ ǇǊƻǇƻǊǘƛƻƴŀƭ ǘƻ ǘƘŜ ŦǊŀŎǘƛƻƴ ƻŦ ŎŜƭƭǎ ƛƴ ŀ ƎƛǾŜƴ ǎǳōǎŜǘ ƻŦ ōŀǊŎƻŘŜǎ
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Trouble shooting - Cell calling

Wetting failure 

Algorithm has trouble discerning
cells from the background

The number of cells recovered will likely be 
lower than the targeted cell numbers. But 
the data for the cells called is usable

Clogs, low sequencing depth


