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single cell RNA-seq (scRNA-seq) 
data analysis  
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Who We Are
Center for Research Informatics 

(CRI)

CRDW
(clinical Research 
Data Warehouse)

Bioinformatics 
Core HPC Data Storage

• Gardner
• Randi

• Lab share
• VM

• Cohort Discovery
• REDCap

• NGS data analysis
• Bulk *-seq
• sc *-seq

• Support grant applications
• Support research manuscript publications
• Bioinformatics workshop series from bioinformatics core

• Bioinformatics concepts
• Bioinformatics tools 
• Suggestions: liyan@uchicago.edu; bioinformatics@bsd.uchicago.edu

Bioinformatics 
Core
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•  Autumn 2023 Quarter
•  November 2023: 2 scRNA-Seq workshops
•  Nov 7th: Introduction of 10x genomics sequencing 

protocols
•  Nov 21st: scRNA-seq data integration, downstream data 

analysis, and visualizations
•  December 2023: basics bioinformatics concept workshop
•  Introduction of shell scripts and HPC

Bioinformatics Core Workshop Series

•  Winter 2024 Quarter: plan to launch 3 workshops

•  Provide your feedbacks regarding to topics to us
• bioinformatics@bsd.uchicago.edu
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scRNA-seq Part1 Objectives
• Overview of 10x Genomics scRNA-seq protocols.

• Engage in hands-on training with the 10x 
Genomics software, CellRanger, for single cell 
data preprocessing.

• Learn to interpret the outputs from the 
CellRanger pipeline.
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scRNA-seq Part1 Session
• 1st half session: technique introduction

• 2nd half session: hands on practice + output 
interpretations 
ØHPC randi access: only on-site person can obtain the HPC access 

(username and password), which will expire at 11/17/2023
ØHands out practice material: 

2023workshop_Nov_scRNAseq_handson_notes.html
ØHands on practice software, reference and test data are accessible at: 

'/gpfs/data/cri-training/Nov_scRNAseq'
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Objective 1

Overview of 10x Genomics 
scRNA-seq protocols



ht
tp

s:
//

cr
i.u

ch
ic

ag
o.

ed
u/

bi
oi

nf
or

m
at

ic
s

scRNA-seq – 10x Genomics
Sample 

preparation
Single cell library 

construction Sequencing Data analysis
Data visualization

Tissue or 
cell lines

Live cells

Cell suspension

GEM generation Compatible 
sequencer

Sequencing 
ready

libraries

• Illumina® NovaSeq 
6000
• Illumina® HiSeq 
3000/4000
• Illumina® HiSeq 
2500 Rapid Run
• Illumina® NextSeq 
500/550
• Illumina® NextSeq 
1000/2000
• Illumina® MiSeq

• Fastq to count matrix
• cellranger

• count
• arc
• aggregation

• 10x genomics 
visualization software: 
Loupe Browser

• Count to 
integration/visualization

• Seurat
Single cells / nuclei

✓

✓
Pic. Source: 10x Genomics
Compatible sequencer source: https://kb.10xgenomics.com/hc/en-us/articles/19512851266573-What-considerations-are-there-for-sequencing-10x-Genomics-libraries-on-NovaSeq-X-

1

2
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10x Genomics Single Cell Transcriptome
single cell (sc) Gene Expression (GEX)

3' GEX

Feature Barcode

5' GEX

V(D)J

5'GEX+VDJ Source: https://www.10xgenomics.com/support/single-cell-immune-profiling/documentation/steps/sequencing/sequencing-requirements-for-single-cell-v-d-j
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10x Genomics Single Cell Transcriptome
single cell (sc) Gene Expression (GEX)

3' GEX

Feature Barcode

5' GEX

V(D)J

5'GEX+VDJ Source: https://www.10xgenomics.com/support/single-cell-immune-profiling/documentation/steps/sequencing/sequencing-requirements-for-single-cell-v-d-j
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10x Genomics Single Cell Multiome

sc/sn Gene Expression (GEX)

scATAC-seq snATAC-seq

Epigenome
Profiling Multiome

Ø Simultaneous detection of mRNA and chromatin accessibility

Ø Discover new gene regulatory interaction
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10x Genomics Feature Barcode Technology
Feature Barcode Technology

3' cellPlex 5' Immune cells

Pic. Source: 10x Genomics
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10x Genomics Feature Barcode Technology
Feature Barcode Technology

3' cellPlex 5' Immune cells

Cell surface protein labeling for scRNA sequencing protocols source: https://support.10xgenomics.com/single-cell-vdj/library-prep/doc/demonstrated-protocol-cell-surface-
protein-labeling-for-single-cell-rna-sequencing-protocols
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• A set of analysis pipelines that process Chromium single cell data to align 
reads, generate feature-barcode matrices, perform clustering and other 
secondary analysis, and more
• cellranger mkfastq

Ø demultiplexes raw base call (BCL) files into FASTQ files
• cellranger count

Ø uses the Chromium cellular barcodes to generate feature-barcode matrices, 
additionally it also maker clustering analysis and perform gene expression 
analysis

• cellranger multi
Ø analyze Cell Multiplexing and Fixed RNA Profiling data

• cellranger aggr
Ø aggregates outputs from multiple runs of cellranger count or cellranger multi

• cellranger reanalyze
Ø reruns the dimensionality reduction, clustering, and gene expression algorithms using 

tunable parameter settings

Øcellranger-arc: except multi, all other 4 pipelines to handle multiome data

Cellranger pipelines
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Objective 2

Hands-on training with the 10x 
Genomics software, 

CellRanger, for single cell data 
preprocessing
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HPC randi login
handout username

handout passwordhome directory
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cellranger pipeline

1. Fastq Sequencing files

2. Cellranger
Ø count
Ø multi
Ø arc 

4. HPC Demo
randi

3. Reference
Ø human
Ø Mouse

1
3

2
4
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Test data: lite version

1. cellranger count
Ø 3' GEX data

2. cellranger multi
Ø 3' cellPlex
Ø CMO feature barcode 

multiplexing

3. cellranger arc
Ø multiome
Ø RNA + ATAC
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Test data: full version
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cellranger installation
Cellranger downloading page: https://www.10xgenomics.com/support/software/cell-ranger/downloads
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cellranger installation

Unzip the downloaded *.tar.gz file

Implement cellranger with full path, and call cellranger help manual 
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cellranger usage

✓
✓
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Reference and cellranger-arc installation
cellranger-arc downloading: https://support.10xgenomics.com/single-cell-multiome-atac-gex/software/downloads/latest

cellranger-arc human reference file downloading:
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cellranger pipeline

1. Fastq Sequencing files

2. Cellranger
Ø count
Ø multi
Ø arc 

4. HPC Demo
randi

3. Reference
Ø human
Ø Mouse

1
3

2

4
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Reference folder

Hands Practice 1: cellranger count

testData1_count.slurm

Handout username

Execution/output folder, 
need to create this folder 
Any name to save output

Fastq sequencing folder
1. prefix file name 
2. execution log file 

Memory for execution

Maximum execution time



ht
tp

s:
//

cr
i.u

ch
ic

ag
o.

ed
u/

bi
oi

nf
or

m
at

ic
s

cellranger count help page
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Hands Practice 1: randi job submission
Submit job for execution

Check jobs execution in 
your account
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Hands Practice 2: cellranger multi
testData2_cellPlex_multi.slurm

testData2_cellPlex_OBE-1.csv (corresponding config file for cellranger multi
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Hands Practice 2: cellranger multi

Temporary 
folder

output 
folder

Log files
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Hands Practice 3: cellranger arc
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Hands Practice 3: cellranger arc
Temporary 
folder
output 
folder
Log files
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Objective 3

Learn to interpret the outputs 
from the CellRanger pipeline.
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Output: cellranger count

web summary

metrics summary

alignment bam
filtered feature-
barcode matrices

raw feature-
barcode matrices

Input for downstream 
analysis
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Output: cellranger multi

General multiplexing 
output
Demultiplexed 
outputs per sample
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Output: cellranger multi
Demultiplexed outputs per sample

One sample demultiplexed output results
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Output: cellranger-arc count

ATAC peak outputs

RNA GEX outputs
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Output: cellranger arc
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Genomics and proteomics 
data analysis

BiCF applies appropriate and 
state-of-the-arts statistical and 
bioinformatic methodologies to 

analyze genomics data generated 
from standard and emerging 

assays.

Consulting, grant writing 
and training

BiCF provides consulting services for 
experimental design or data analysis; 

grant writing assistance, including 
bioinformatics development, cost 

analysis, and documentation of tools 
to complete the research.

Data management 
system development

BiCF offers enterprise 
solutions for project and study 

management, for data 
production , sharing and 

integration .

OUR AWESOME TEAM

Wenjun Kang, 
MS

Technical Director

Yan Li, PhD
Associate 
Director

Mengjie 
Chen, PhD

Faculty 
Director

Bioinformaticians

Jason Shapiro,
PhD Evan Wu

Houxiang Zhu, 
PhD

Diana Vera Cruz, 
PhD

Zhongyu Li, 
MS

Qiaoshan Lin, 
PhD

Mannan Bhola, 
MS

Yildiz Koca, 
PhD

Geetha Priyanka,
MS

David Tieri, 
PhD

Contact us: bioinformatics@bsd.uchicago.edu
Submit a project request: https://biocore.cri.uchicago.edu/
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Thanks for your attention!
Part 2 (Nov 21st): scRNA-seq data integration, downstream 

data analysis, and visualizations

CENTER FOR RESEARCH INFORMATICS

BIOINFORMATICS CORE

Bioinformatics Workshop Learning Series

Yan Li, Ph.D.
yli22@bsd.uchicago.edu

bioinformatics@bsd.uchicago.edu

Feedback survey: https://redcap.link/CRISeminarSeriesFeedback
https://biocore.cri.uchicago.edu/cgi-bin/survey.cgi?id=70


