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1. Overview of bulk RNA-seq analysis pipeline 
workflow

2. QC assessment of bulk RNA-seq data

3. Hands on experience using R Bioconductor 
packages to conduct bulk RNA-seq DE analysis

Objectives
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1. Overview of bulk RNA-seq analysis pipeline 
workflow

2. QC assessment of bulk RNA-seq data

3. Hands on experience using R Bioconductor 
packages to conduct bulk RNA-seq DE analysis

Objectives
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Source (left picture): Hass and Zody, Advancing RNA-Seq analysis, Nature Biotechnology 28:421-423)

RNA-seq Analysis Overview

Sequencing center
fastq files

Alignment to 
Reference Genome

bam files

Gene Assembly
count table

Downstream DE Analysis & Functional 
Enrichment Analysis
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Source (left picture): Hass and Zody, Advancing RNA-Seq analysis, Nature Biotechnology 28:421-423)

Sequencing center
fastq files

Alignment to 
Reference Genome

bam files

Gene Assembly
count table

Downstream DE Analysis & Functional 
Enrichment Analysis

RNA-seq Analysis Overview



ht
tp

s:
//

cr
i.

uc
h

ic
ag

o.
ed

u
/b

io
in

fo
rm

at
ic

s

Source (left picture): Hass and Zody, Advancing RNA-Seq analysis, Nature Biotechnology 28:421-423)

RNA-seq Analysis Overview

Sequencing center
fastq files

Alignment to 
Reference Genome

bam files

Gene Assembly
count table

Downstream DE Analysis & Functional 
Enrichment Analysis
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• Raw sequencing data: Fastq files

Files Format

@header string Specification (Illumina software sequence)

A00639 the unique instrument name 

1002 the run id 

HW3YMDRXY the flowcell id 

1 flowcell lane 

1101 tile number within the flowcell lane 

4381 'x'-coordinate of the cluster within the tile 

1000 'y'-coordinate of the cluster within the tile 

1 the member of a pair, 1 or 2 (paired-end or mate-pair reads only)

N Y if the read is filtered (did not pass), N otherwise 

0 0 when none of the control bits are on, otherwise it is an even number 

CGCGGTATCT+ATTACCGATC index sequence 

Pic source: screenshot of core analysis data 
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• Alignment results: bam/sam
     Header of sam/bam files, checked via: 

Files Format

Pic source: screenshot of core analysis data with samtools view for bam files 

@HD (optional) 
➢ VN: format version
➢ SO: Sorting order of alignments (unknown, 
unsorted, queryname and coordinate)
➢ GO: Grouping of alignments
➢ SS: Sub-sorting order of alignments
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• Alignment results: bam/sam (cont.)
     Header of sam/bam files, checked via: 

Files Format

Pic source: screenshot of core analysis data with samtools view for bam files 

SO: coordinate
@SQ lines defines alignment sorting order
➢ SN: Reference sequence name
➢ LN: Reference sequence length

@RG Read group
@PG Program
Detailed information regarding to the sam format 
can be seen at samtools github page
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• Alignment results: bam/sam (cont.)
     alignment section (main content, mandatory field) with a total of 11 columns + optional

Files Format

Pic source top: screenshot of core analysis data with samtools view for bam files
Pic source bottom: samtools github page at https://samtools.github.io/hts-specs/SAMv1.pdf

https://samtools.github.io/hts-specs/SAMv1.pdf


ht
tp

s:
//

cr
i.

uc
h

ic
ag

o.
ed

u
/b

io
in

fo
rm

at
ic

s

• Alignment results: bam/sam (cont.)
     alignment section (main content, mandatory field) with a total of 11 columns + optional

Files Format

Pic source top: screenshot of core analysis data with samtools view for bam files
Pic source bottom: samtools github page at https://samtools.github.io/hts-specs/SAMv1.pdf

https://samtools.github.io/hts-specs/SAMv1.pdf
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• Alignment results: bam/sam (cont.)
     alignment section (main content, mandatory field) with a total of 11 columns + optional

Files Format

Pic source: screenshot of core analysis data with samtools view for bam files 

419 in binary is 110100011
➢ Bit 1 (0x1): template having multiple segments in sequencing (1)
➢ Bit 2 (0x2): each segment properly aligned according to the aligner (0)
➢ Bit 3 (0x4): segment unmapped (1)
➢ Bit 4 (0x8): next segment in the template unmapped (0)
➢ Bit 5 (0x10): SEQ being reverse complemented (0)
➢ Bit 6 (0x20): SEQ of the next segment in the template being reverse complemented (1)
➢ Bit 7 (0x40): the first segment in the template (1)
➢ Bit 8 (0x80): the last segment in the template (0)
➢ Bit 9 (0x100): secondary alignment (0) 
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• Alignment results: bam/sam (cont.)
     alignment section (main content, mandatory field) with a total of 11 columns + optional

Files Format

Pic source: screenshot of core analysis data with samtools view for bam files 

419 in binary is 110100011
➢ Bit 1 (0x1): template having multiple segments in sequencing (1)
➢ Bit 3 (0x4): segment unmapped (1)
➢ Bit 6 (0x20): SEQ of the next segment in the template being reverse complemented (1)
➢ Bit 7 (0x40): the first segment in the template (1)

A FLAG value of 419 means the following
➢ The read is part of a pair (0x1).
➢ The read is unmapped (0x4).
➢ The mate is reverse complemented (0x20).
➢ The read is the first segment in the template (0x40).



ht
tp

s:
//

cr
i.

uc
h

ic
ag

o.
ed

u
/b

io
in

fo
rm

at
ic

s

• Alignment results: bam/sam (cont.)
     alignment section (main content, mandatory field) with a total of 11 columns + optional

Files Format

Pic source: screenshot of core analysis data with samtools view for bam files 

Column 5 is MAPQ: MAPping quality value, equals −10 log10 Pr{mapping position is wrong}, 
rounded to the nearest integer. 
➢ A value 255 indicates that the mapping quality is not available.
➢ A value 0 indicates that the read is mapped to multiple locations, meaning the alignment is 

not unique.
➢ A value 1-9 generally indicates a low confidence in the alignment.
➢ A value 10-29 indicates moderate confidence in the alignment.
➢ A value 30: High confidence, often a unique alignment.
➢ A value ≥40: Very high confidence, almost certain correct mapping.
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• Alignment results: bam/sam (cont.)
     alignment section (main content, mandatory field) with a total of 11 columns + optional

Files Format

Column 6 is CIGAR: CIGAR string

Pic source top: screenshot of core analysis data with samtools view for bam files
Pic source bottom: samtools github page at https://samtools.github.io/hts-specs/SAMv1.pdf

https://samtools.github.io/hts-specs/SAMv1.pdf


ht
tp

s:
//

cr
i.

uc
h

ic
ag

o.
ed

u
/b

io
in

fo
rm

at
ic

s

• Alignment results: bam/sam (cont.)
     alignment section (main content, mandatory field) with a total of 11 columns + optional

Files Format

Optional fields: TAG: TYPE: VALUE
➢ TAG is a two-character string that matches /[A-Za-z][A-Za-z0-9]/.
➢ TYPE is a single case-sensitive letter which defines the format of VALUE:

Pic source top: screenshot of core analysis data with samtools view for bam files
Pic source bottom: samtools github page at https://samtools.github.io/hts-specs/SAMv1.pdf

https://samtools.github.io/hts-specs/SAMv1.pdf
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• Count table from Salmon
     Row: gene features; Column: samples

Files Format

Pic source: screenshot of core analysis data with samtools view for bam files 

Note: 

➢ Ensembl gene id are unique identifiers assigned to each gene in the Ensembl database.

➢ '_PAR_Y' : This indicates that the gene is located in the pseudoautosomal region (PAR) of the Y chromosome.

➢ There are different biotypes for gene assembly results either from Salmon or featureCount.
➢ protein_coding is the biotype bulk RNA-seq should focus on.
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Gene Biotypes in GENCODE & Ensembl

…
…

…

Pic source: gencode biotypes documentation 

Note: 
➢ This is part of biotypes listed here, full list of biotypes can be referred to https://www.gencodegenes.org/pages/biotypes.html

https://www.gencodegenes.org/pages/biotypes.html
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• Count table from Salmon
     Row: gene features; Column: samples

Files Format

Pic source: screenshot of core analysis data with samtools view for bam files 

Note: 

➢ Around 55~56K genes in the GTF.

➢ For both mouse and human, should expect around ~20K protein coding genes.
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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

• Support different types of high-throughput data analysis
• Bulk RNA-seq, ChIP-seq, ATAC-seq
• sc RNA-seq, sc ATAC-seq, sc Omics
• spatial data: GeoMx, visium 
• Cytof

Bioinformatics 
Core
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Nextflow Bulk RNA-seq Pipeline

Pic source: https://nf-co.re/rnaseq/latest/

1. Pre-processing: fastq files

2. Genome alignment: bam files

3. Assembly quantification: count table

4. Downstream visualization and DE analysis: flexibility 
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1. Overview of bulk RNA-seq analysis pipeline 
workflow

2. QC assessment of bulk RNA-seq data

3. Hands on experience using R Bioconductor 
packages to conduct bulk RNA-seq DE analysis

Objectives
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1.  

2.  

Quality Control – FastQC Outputs
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3.

4.  

Quality Control – FastQC Outputs (cont.)
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5.

 

Quality Control – FastQC/MultiQC Outputs
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•  FastQC: Summarize all samples QC results 
together

•  Cutadapt: trim adapter sequences

•  samtools/STAR/QualiMap/RSeQC/Picard: 
Summarize alignment results for all samples

•  Salmon: Biotype Counts

•  Generate with one html outputs

•  Example: multiqc_report.html

Quality Control – MultiQC Outputs 

Example: Prepared by our core member Qiaoshan Lin, PhD for core analysis project 

multiqc_report.html
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Alignment QC: RSeQC 

Pic source: screenshot of core analysis data summarized by multiQC on RSeQC tool ‘read_distribution.py’
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Alignment QC: RSeQC 

Pic source: screenshot of core analysis data summarized by multiQC on RSeQC tool ‘infer_experiment.py’

• PE
➢ 1++, 1--, 2+-, 2-+ (Forward strand specific)

➢ 1+-, 1-+, 2++, 2-- (Reserve strand specific)

• SE
➢ ++,-- (Forward strand specific)

➢ +-, -+ (Reserve strand specific)

5' 3'

3' 5'

Forward Strand + 
Reverse Strand -

Read1

Read2

Forward strand specific 
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Alignment QC: RSeQC (cont.) 

Pic source: screenshot of core analysis data summarized by multiQC on RSeQC tool ‘infer_experiment.py’

• PE
➢ 1++, 1--, 2+-, 2-+ (Forward strand specific)

➢ 1+-, 1-+, 2++, 2-- (Reverse strand specific)

• SE
➢ ++,-- (Forward strand specific)

➢ +-, -+ (Reverse strand specific)

5' 3'

3' 5'

Forward Strand + 
Reverse Strand -

Read2

Read1

Reverse strand specific 
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Alignment QC: RSeQC (cont.) 

Pic source: RseQC webpage at https://rseqc.sourceforge.net/ - infer-experiment-py 

5' 3'

3' 5'

Forward Strand + 
Reverse Strand -

Read1

Read2

Forward strand specific 

https://rseqc.sourceforge.net/
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Gene Assembly Results on Biotypes

Pic source: screenshot of core analysis data summarized by multiQC on salmon gene assembly qualification
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• Count table from Salmon
     Row: gene features; Column: samples

Files Format

Pic source: screenshot of core analysis data with samtools view for bam files 

Note: 

➢ Protein coding genes summarized for downstream DE analysis

➢ ~20K genes should be summarized for both human and mouse genome
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TAKE A BREAK

Object3: Hands on experience using R 
Bioconductor packages to conduct bulk RNA-seq 

DE analysis
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•  2 input table for DE analysis
➢ count table
➢ metadata table

 
•  Single-factor experiment data

➢ pnas-count_singleFactor*

•  Multi-factor experiment data 
➢  ReadCounts-Chen-*

Downstream DE Analysis

Count table metadata table
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•  2 input table for DE analysis
➢ count table
➢ metadata table

 
•  Single-factor experiment data

➢ pnas-count_singleFactor*

•  Multi-factor experiment data 
➢  ReadCounts-Chen-*

Downstream DE Analysis

Count table metadata table
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•  Step 1: Read in raw count and metadata table

•  Step 2: Low expression genes removal

•  Step 3: standard DESeq2 DE analysis on single-
factor experiment

•  Step 4: filtering DEGs on threshold

Single-factor experiment DE Analysis
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Single-factor experiment DE Analysis (cont.)

•  Step 1: Read in raw count and metadata table
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Single-factor experiment DE Analysis (cont.)

•  Step 1: Read in raw count and metadata table
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Single-factor experiment DE Analysis (cont.)

•  Step 2: Low expression genes removal
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Single-factor experiment DE Analysis (cont.)

•  Step 2: Low expression genes removal
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Single-factor experiment DE Analysis (cont.)

•  Step 2: Low expression genes removal
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Single-factor experiment DE Analysis (cont.)

•  Step 2: Low expression genes removal
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Single-factor experiment DE Analysis (cont.)

•  Step 2: Low expression genes removal
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Single-factor experiment DE Analysis (cont.)

•  Step 3: standard DESeq2 DE analysis
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Single-factor experiment DE Analysis (cont.)

•  Step 4: filtering DEGs on threshold
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Thanks for your attention!

CENTER FOR RESEARCH INFORMATICS

BIOINFORMATICS CORE

Bioinformatics Workshop Learning Series

Yan Li, Ph.D.

yli22@bsd.uchicago.edu

Feedback survey: 
https://mycri.cri.uchicago.edu/educations/trainings/73/survey/

https://mycri.cri.uchicago.edu/educations/trainings/73/survey/
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