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Course Outline

1. RNA-seq overview
2. Differential expression pipeline overview
3. Using Grace
4. DE pipeline on Grace
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What does RNA-seq data provide?
• Measure gene expression
• Detect differences in expression between 

groups
• Annotate genomes/transcripts
• Assemble transcriptome
• Discover nucleotide variants
• Scaffold genome assemblies

3
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● Differential Expression (DE) and transcript abundance
○ HISAT2, STAR, TopHat, Cufflinks, Cuffmerge, Cuffdiff
○ DESeq and DESeq2 (R package)
○ EdgeR  (R package)

● Transcriptome assembly (find isoforms and rare transcripts)
○ de novo (Trinity, Oases, SOAPdenovo-Trans)
○ reference based (Trinity, StringTie)

● Genome Annotation
○ Align to assembly for validation of gene models

● Variant Calling
○ STAR/Picard/GATK (Haplotype Caller (HC) in RNA-seq mode)

● de novo genome assembly scaffolding
○ L_RNA_scaffolder

RNA-seq Applications
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RNA Sequencing
• Poly-A selection – enriches 

for mRNA

• Ribosomal depletion –
removes rRNA, leaves 
mRNA, lncRNA, and pre-
mRNA

• Size selection – used for 
smRNA

5Kukurba and Montgomery, 2016
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RNA-seq Experiment Design (Differential Expression)

Sequencing Depth
• Minimum 30 million aligned reads per 

replicate (ENCODE)
• 30-60 million reads per sample (Illumina)

Replicate Number
• 3 replicates per condition minimum (will 

likely recover 20-40% of DE genes)
• Schurch et al. (2016) – 6 replicates per 

condition minimum, recommended 12 to 
capture all DE genes

6

Schurch et al, 2016
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Biological vs Technical Replicates

• Biological replicates - independent samples from different 
populations/individuals

• Technical replicates - multiple preparations/libraries from the 
same individual

• Biological replicates generally increase statistical power more 
than technical replicates
• Biological variability is generally greater than technical variability

• Biological replicates contain both biological and technical variability
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Differential Expression Analysis Pipeline

• RNA-seq library QC
• Read trimming
• Mapping reads to reference genome
• Converting and sorting alignment files
• Generating count files
• Differential expression analysis in R

8
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Data analysis on Grace
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Options for Running Bioinformatics Tools
HPRC Portal                                    Unix command line                        HPRC Maroon Galaxy     

● Need to learn Unix and Slurm
● Bioinformatics template scripts 

available
● GUI software is not very 

responsive interactively
● Need SSH client on your 

Windows computer such as 
MobaXterm or use HPRC portal

● Access is web browser based
● All HPRC software tools are 

available either as a GUI or via 
Unix command line

● Can access Unix command line
● Grace or Terra

● Best for GUI apps
● RStudio
● IGV

● Access is web browser based
● First apply for an HPRC account 

then request a Galaxy account
● Can request HPRC to add tools 

from the usegalaxy.org toolshed
or create a custom tool

https://hprc.tamu.edu/apply/
https://toolshed.g2.bx.psu.edu/
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Using SSH - MobaXterm (on Windows) to Connect to 
Grace

grace.hprc.tamu.edu

https://hprc.tamu.edu/wiki/HPRC:MobaXterm

click 
Session 
to begin

● X11 is enabled by 
default in MobaXterm

● Use "ssh -X" when 
using the terminal to 
enable X11

X11 enables you to 
view images when 
using the terminal

https://hprc.tamu.edu/wiki/HPRC:MobaXterm
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Connect using the HPRC portal

portal-grace.hprc.tamu.edu

There are no SUs charged for using the Shell Access

https://portal-grace.hprc.tamu.edu/
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Where to Find NGS Tools

• TAMU HPRC Documentation 
(https://hprc.tamu.edu/wiki/Bioinformatics)

• Type the following UNIX commands to see which tools are 
available on Grace
• module avail

• module spider toolname (not case sensitive, but read entire output)
• module key RNA (searches tool descriptions)

• If you would like a program installed on Grace, send an email 
with the URL link to help@hprc.tamu.edu

13

https://hprc.tamu.edu/wiki/Bioinformatics
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Template Job Scripts

https://hprc.tamu.edu/wiki/SW:GCATemplates

https://hprc.tamu.edu/wiki/SW:GCATemplates
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Access GCATemplates Scripts for 
Grace and Terra from the HPRC wiki

https://hprc.tamu.edu/wiki/Bioinformatics:Sequence_QC#FastQC

Click to see template script on github.tamu.edu

Genomic Computational 
Analysis Templates

https://hprc.tamu.edu/wiki/Bioinformatics:Sequence_QC
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Click Raw if you 
want to copy and 
paste from your 
web browser
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Sample GCATemplate Job Script (Grace)
#!/bin/bash                                                   
#SBATCH --export=NONE           # do not export current env to the job
#SBATCH --job-name=fastqc       # job name  
#SBATCH --time=01:00:00         # max job run time dd-hh:mm:ss
#SBATCH --ntasks-per-node=1     # tasks (commands) per compute node
#SBATCH --cpus-per-task=2       # CPUs (threads) per command  
#SBATCH --mem=4G                # total memory per node
#SBATCH --output=stdout.%j      # save stdout to file (%j is jobid)
#SBATCH --error=stderr.%j       # save stderr to file (%j is jobid)

module load FastQC/0.11.9-Java-11

<<README
- FASTQC manual: http://www.bioinformatics.babraham.ac.uk/projects/fastqc/Help

README
################################### VARIABLES ##################################
# TODO Edit these variables as needed:
########## INPUTS ##########
pe1_1='/scratch/data/bio/GCATemplates/data/miseq/c_dubliniensis/DR34_R1.fastq.gz'
pe1_2='/scratch/data/bio/GCATemplates/data/miseq/c_dubliniensis/DR34_R2.fastq.gz'

######## PARAMETERS ########
threads=$SLURM_CPUS_PER_TASK

########## OUTPUTS #########
output_dir='./'

################################### COMMANDS ###################################
fastqc -t $threads -o $output_dir $pe1_1 $pe1_2

<<CITATION
- Acknowledge TAMU HPRC: https://hprc.tamu.edu/research/citations.html
- FastQC: http://www.bioinformatics.babraham.ac.uk/projects/fastqc

CITATION
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#!/bin/bash                                                   
#SBATCH --export=NONE           # do not export current env to the job
#SBATCH --job-name=fastqc       # job name  
#SBATCH --time=01:00:00         # max job run time dd-hh:mm:ss
#SBATCH --ntasks-per-node=1     # tasks (commands) per compute node
#SBATCH --cpus-per-task=2       # CPUs (threads) per command  
#SBATCH --mem=4G                # total memory per node
#SBATCH --output=stdout.%j      # save stdout to file (%j is jobid)
#SBATCH --error=stderr.%j       # save stderr to file (%j is jobid)

module load FastQC/0.11.9-Java-11

<<README
- FASTQC manual: http://www.bioinformatics.babraham.ac.uk/projects/fastqc/Help

README
################################### VARIABLES ##################################
# TODO Edit these variables as needed:
########## INPUTS ##########
pe1_1='/scratch/data/bio/GCATemplates/data/miseq/c_dubliniensis/DR34_R1.fastq.gz'
pe1_2='/scratch/data/bio/GCATemplates/data/miseq/c_dubliniensis/DR34_R2.fastq.gz'

######## PARAMETERS ########
threads=$SLURM_CPUS_PER_TASK

########## OUTPUTS #########
output_dir='./'

################################### COMMANDS ###################################
fastqc -t $threads -o $output_dir $pe1_1 $pe1_2

<<CITATION
- Acknowledge TAMU HPRC: https://hprc.tamu.edu/research/citations.html
- FastQC: http://www.bioinformatics.babraham.ac.uk/projects/fastqc

CITATION

This is a single line comment and not run as part of the script

These parameters are read 
by the job scheduler

Load the required module(s) first

This is the command to run the application

This is a section of comments

Sample GCATemplate Job Script (Grace)
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Use $TMPDIR whenever possible
● Use the $TMPDIR if the application you are running can utilize a temporary 

directory for writing temporary files which are deleted when the job ends
● A temp directory ($TMPDIR) is automatically assigned for each job which uses 

the disk(s) on the compute node not the $SCRATCH shared file system
− Especially useful when a computational tool writes tens of thousands of 

temporary files which are deleted when the job is finished and are not 
needed for the final results

− This is useful since files on $TMPDIR will not count against your file quota
− Don't use $TMPDIR if your software uses temporary files for restarting 

where it left off if it should stop before completion
− Will significantly speed up an mpiBLAST job

java -Xmx350g -jar $EBROOTPICARD/FastqToSam.jar TMP_DIR=$TMPDIR \
FASTQ=$pe1_1 FASTQ2=$pe1_2 OUTPUT=$outfile SAMPLE_NAME=$sample_name \
SORT_ORDER=$sort_order MAX_RECORDS_IN_RAM='null'
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Example Data

20

mkdir $SCRATCH/RNA_class   

cd $SCRATCH/RNA_class   

cp -r /scratch/training/bio/rna-seq/* .

ls

ssh -X username@grace.hprc.tamu.edu
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Quality Control
• Run FastQC to assess RNA-seq 

library quality
● Use GCATemplates to create job 

script
● Select #2 then find the template 

that contains fastqc or use the 
search to find fastqc

● Final step will save a template job 
script file to your current working 
directory

21

Differential Expression Analysis on Grace
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Quality Control
• Edit the job script to change the path to 

the fastq files

22

Differential Expression Analysis on Grace

gedit run_fastqc_0.11.9_grace.sh



Texas A&M University                             High Performance Research Computing                                  https://hprc.tamu.edu

Quality Control
• Edit the job script to change the path to the fastq files

23

Differential Expression Analysis on Grace

sbatch run_fastqc_0.11.9_grace.sh
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Quality Control
• Unzip the results file and you can view the results with lynx 

and eog (eog requires X11 login; if using the portal, use the 
Files app to view the images) 

24

Differential Expression Analysis on Grace

unzip Control1_R1_fastqc.zip
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Quality Control

25

Differential Expression Analysis on Grace

lynx Control1_R1_fastqc.html
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Quality Control

26

Differential Expression Analysis on Grace

eog Control1_R1_fastqc/Images/per_base_quality.png
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FastQC Output Image Quality Distribution
@ERR504787.2.1 M00368:15:000000000-A0HKH:1:5:21261:10968-1 length=100
GATCGGAAGAGCACACGTCTGAACTCCAGTCACGATCAGATCTCGTATGCCGTCTTCTGCTTGAAAAAAAAAAAAAAAACAAAAAACATAATGCCGTAAA
+ERR504787.2.1 M00368:15:000000000-A0HKH:1:5:21261:10968-1 length=100
=:=4AD=B8A:+<A::1<:AE<C3*?F<B???<?:8:6?B*9BD;/638.=-'-.@7=).=A:6?DDDCBBBB9555&&)+((+2&&+((((((()&&&+
@ERR504787.3.1 M00368:15:000000000-A0HKH:1:3:12724:25677-1 length=100
GATGTTTTGTTACTGATTGGAACCATGATTGGTGCTTTACTTGGTTTCTTCCTATTTAACCACAAGCCTGCCAAAGTATTTATGGGAGATGTAGGTAGTT
+ERR504787.3.1 M00368:15:000000000-A0HKH:1:3:12724:25677-1 length=100
BCCFDEFFHHHHHJJJJIJJJJJJJJJJIJJJFHIJJJIJJJJJIJJJJJJJIJJJIJIIJJJJJFHJJJJIJJHH=CHHFFFFFFEDDEDEEEDCCDCE
@ERR504787.5.1 M00368:15:000000000-A0HKH:1:2:16161:12630-1 length=100
TATTTTAAGTGACCAAGGAATGACTCCCCAATCATGGCTGTATCAACTCCAAAATTTTCTGCAACAGTCGCTGAAATATCTGCAAAATGCCCTTGTGGAA
+ERR504787.5.1 M00368:15:000000000-A0HKH:1:2:16161:12630-1 length=100
CCCFFFFFHHHHHJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJIJJJHIJHHGFFFFFFFEEEEEEDDDDDDDDDCDDDD

FA
ST

Q
 fo

rm
at
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FastQC Output Image Quality Distribution

Average quality score distribution at position one
Upper extreme

Upper quartile

median

lower quartile

lower extreme

@ERR504787.2.1 M00368:15:000000000-A0HKH:1:5:21261:10968-1 length=100
GATCGGAAGAGCACACGTCTGAACTCCAGTCACGATCAGATCTCGTATGCCGTCTTCTGCTTGAAAAAAAAAAAAAAAACAAAAAACATAATGCCGTAAA
+ERR504787.2.1 M00368:15:000000000-A0HKH:1:5:21261:10968-1 length=100
=:=4AD=B8A:+<A::1<:AE<C3*?F<B???<?:8:6?B*9BD;/638.=-'-.@7=).=A:6?DDDCBBBB9555&&)+((+2&&+((((((()&&&+
@ERR504787.3.1 M00368:15:000000000-A0HKH:1:3:12724:25677-1 length=100
GATGTTTTGTTACTGATTGGAACCATGATTGGTGCTTTACTTGGTTTCTTCCTATTTAACCACAAGCCTGCCAAAGTATTTATGGGAGATGTAGGTAGTT
+ERR504787.3.1 M00368:15:000000000-A0HKH:1:3:12724:25677-1 length=100
BCCFDEFFHHHHHJJJJIJJJJJJJJJJIJJJFHIJJJIJJJJJIJJJJJJJIJJJIJIIJJJJJFHJJJJIJJHH=CHHFFFFFFEDDEDEEEDCCDCE
@ERR504787.5.1 M00368:15:000000000-A0HKH:1:2:16161:12630-1 length=100
TATTTTAAGTGACCAAGGAATGACTCCCCAATCATGGCTGTATCAACTCCAAAATTTTCTGCAACAGTCGCTGAAATATCTGCAAAATGCCCTTGTGGAA
+ERR504787.5.1 M00368:15:000000000-A0HKH:1:2:16161:12630-1 length=100
CCCFFFFFHHHHHJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJIJJJHIJHHGFFFFFFFEEEEEEDDDDDDDDDCDDDD

FA
ST

Q
 fo

rm
at
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FastQC Output Image Quality Distribution
@ERR504787.2.1 M00368:15:000000000-A0HKH:1:5:21261:10968-1 length=100
GATCGGAAGAGCACACGTCTGAACTCCAGTCACGATCAGATCTCGTATGCCGTCTTCTGCTTGAAAAAAAAAAAAAAAACAAAAAACATAATGCCGTAAA
+ERR504787.2.1 M00368:15:000000000-A0HKH:1:5:21261:10968-1 length=100
=:=4AD=B8A:+<A::1<:AE<C3*?F<B???<?:8:6?B*9BD;/638.=-'-.@7=).=A:6?DDDCBBBB9555&&)+((+2&&+((((((()&&&+
@ERR504787.3.1 M00368:15:000000000-A0HKH:1:3:12724:25677-1 length=100
GATGTTTTGTTACTGATTGGAACCATGATTGGTGCTTTACTTGGTTTCTTCCTATTTAACCACAAGCCTGCCAAAGTATTTATGGGAGATGTAGGTAGTT
+ERR504787.3.1 M00368:15:000000000-A0HKH:1:3:12724:25677-1 length=100
BCCFDEFFHHHHHJJJJIJJJJJJJJJJIJJJFHIJJJIJJJJJIJJJJJJJIJJJIJIIJJJJJFHJJJJIJJHH=CHHFFFFFFEDDEDEEEDCCDCE
@ERR504787.5.1 M00368:15:000000000-A0HKH:1:2:16161:12630-1 length=100
TATTTTAAGTGACCAAGGAATGACTCCCCAATCATGGCTGTATCAACTCCAAAATTTTCTGCAACAGTCGCTGAAATATCTGCAAAATGCCCTTGTGGAA
+ERR504787.5.1 M00368:15:000000000-A0HKH:1:2:16161:12630-1 length=100
CCCFFFFFHHHHHJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJIJJJHIJHHGFFFFFFFEEEEEEDDDDDDDDDCDDDD

Positions are ‘binned’ after the first few positions

FA
ST

Q
 fo

rm
at
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Failed QC Examples
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Example 1. Expired MiSeq mate-pair kit (9 months expired)

FastQC Output Image
Failed Per base sequence quality



Texas A&M University       High Performance Research Computing      https://hprc.tamu.eduTexas A&M University       High Performance Research Computing      https://hprc.tamu.edu

Example 2. Sequence prep adapters still on ends of DNA library fragments

FastQC Output Image
Failed Kmer Content
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FastQC Output Image
Flowcell: not good per_tile quality

Example 3. Faulty flowcell

MiSeq flowcell

good quality                                    poor quality
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FastQC Output Image
Failed GC content

Example 4. Contamination
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Read Trimming
● Find and load the required modules

35

Differential Expression Analysis on Grace

module purge  
module spider trim_galore
module spider Trim_Galore/0.6.6-Python-3.8.2

module load GCCcore/9.3.0 
module load Trim_Galore/0.6.6-Python-3.8.2 
trim_galore --paired Control1_R1.fastq.gz Control1_R2.fastq.gz
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Trimming PE Short Sequence Reads
File 1 from sequencer File 2 from sequencer

100 bases 100 bases

100 bases    50 bases

minimum read length = 40

Resulting FASTQ Files with trimmed reads

Paired end 1 trimmed file Paired end 2 trimmed file

dscDNA

QC trim QC trim
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Trimming PE Short Sequence Reads
File 1 from sequencer File 2 from sequencer

100 bases 100 bases

100 bases    20 bases

minimun read length = 40

Resulting FASTQ Files with trimmed reads

Paired end 1 trimmed file Paired end 2 trimmed file Single end 
reads

dscDNA

QC trim QC trim
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Read Trimming
● Check the results with FastQC

38

Differential Expression Analysis on Grace

module load FastQC/0.11.9-Java-11
fastqc Control1_R1_val_1.fq.gz
unzip Control1_R1_val_1_fastqc.zip

eog Control1_R1_val_1_fastqc/Images/per_base_quality.png
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Read Trimming
● Check the results with FastQC

39

Differential Expression Analysis on Grace

Before After
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Read Mapping
● Popular splice-aware aligners

○ STAR
○ HISAT2

● Both programs need to index genome before aligning reads
○ Only needs to be done once
○ HISAT2 faster and more memory efficient
○ Some genomes already indexed on Grace

Send an email to help@hprc.tamu.edu if you need a genome indexed 
that is not found in the genome_indexes directory

40

Differential Expression Analysis on Grace

/scratch/data/bio/genome_indexes/

mailto:help@hprc.tamu.edu
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Read Mapping
● We’ll use HISAT2 to align our library to the mouse reference genome

● Type 10 to select “Sequence alignments”
● Type 2 to select “align mRNA reads to a reference”
● Type 1 to select “hisat2_2.2.1”
● Type 1 to select “pe library”
● Type y to copy the SCRIPT to your current directory

41

Differential Expression Analysis on Grace

gcatemplates

gedit run_hisat2_2.2.1_pe_grace.sh
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Read Mapping
● Modify the script

42

Differential Expression Analysis on Grace

Change path to our 
trimmed reads
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Read Mapping
● Modify the script

43

Differential Expression Analysis on Grace

Change path to the 
indexed reference 
sequence

/scratch/data/bio/genome_indexes/ncbi/mm39/hisat2/GCF_000001635.27_GRCm39_genomic
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Read Mapping
● Modify the script

44

Differential Expression Analysis on Grace

Change the read 
group information

● ID = ‘SRR5061328’
● library = ‘sra’
● platform = ‘ILLUMINA’
● sample = ‘Control1’
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Read Mapping
● Now submit the job and examine the output

45

Differential Expression Analysis on Grace

sbatch run_hisat2_2.2.1_pe_grace.sh

more stderr.jobid
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Generating Count Files
● Several options are available

○ Salmon
○ Sailfish
○ RSEM
○ htseq-count
○ summarizeOverlaps (from R package GenomicsAlignments) 

46

Differential Expression Analysis on Grace

htseq-count -f bam -r pos -i gene Control1_pe_aln.bam GCF_000001635.27_GRCm39_genomic.gff > Control1_counts.txt

module load GCC/10.2.0 OpenMPI/4.0.5 HTSeq/0.11.3 SAMtools/1.11

samtools index Control1_pe_aln.bam
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47

Differential Expression Analysis on Grace

http://bioconductor.org/packages/release/bioc/
vignettes/DESeq2/inst/doc/DESeq2.html#htse
q-count-input

http://bioconductor.org/packages/release/bioc/vignettes/DESeq2/inst/doc/DESeq2.html
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Differential Expression using DESeq2
● Open RStudio through the Grace portal or on your laptop

● Set your working directory

● You might need to install some packages

48

Differential Expression Analysis on Grace

setwd("/scratch/user/username/RNA_class/counts")

if (!requireNamespace("BiocManager", quietly = TRUE))
install.packages("BiocManager")

BiocManager::install("EnhancedVolcano")

https://bioconductor.org/packages/release/bioc/html/EnhancedVolcano.html
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Differential Expression using DESeq2
● Load the necessary libraries

49

Differential Expression Analysis on Grace

library("DESeq2")
library("ggplot2")
library("EnhancedVolcano")
library("pheatmap")
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Differential Expression using DESeq2
● Load the count and sample information

50

Differential Expression Analysis on Grace

sampleTable <- read.csv("sampleTable.csv", header = TRUE)
sampleTable <- as.data.frame(sampleTable)
sampleTable$condition <- factor(sampleTable$condition)
sampleTable
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Differential Expression using DESeq2
● Build the DESeqDataSet

51

Differential Expression Analysis on Grace

dds <- DESeqDataSetFromHTSeqCount(sampleTable = sampleTable,
directory = ".",
design= ~ condition)

dds
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Differential Expression using DESeq2
● Filter out genes with less than 10 total reads

● Run the differential expression analysis

52
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keep <- rowSums(counts(dds)) >= 10
dds <- dds[keep,]

dds <- DESeq(dds)
res <- results(dds)
res
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Differential Expression using DESeq2
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Differential Expression using DESeq2
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mean of normalized counts for all 
samples
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Differential Expression using DESeq2
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log2 fold change: NAD supplement 
vs Control



Texas A&M University                             High Performance Research Computing                                  https://hprc.tamu.edu

Differential Expression using DESeq2
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standard error: NAD supplement vs 
Control
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Differential Expression using DESeq2
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Wald statistic: NAD supplement vs 
Control
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Differential Expression using DESeq2
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Wald test p value: NAD supplement 
vs Control
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Differential Expression using DESeq2
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BH corrected p values
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Differential Expression using DESeq2
● How many genes are differentially expressed at a significant level

● Collect all DE genes and write the results to file
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sum(res$padj < 0.05, na.rm = TRUE)

sigGenes <- res[ which(res$padj < 0.05), ]
sigGenes
write.csv(sigGenes, "Differentially_Expressed.csv", row.names = TRUE)
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Differential Expression using DESeq2
● PCA plot

○ Log transform the results and calculate variance

● Run the PCA and look at the results
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rv <- rowVars(assay(logTran))
select <- order(rv, decreasing = TRUE)[seq_len(min(100, length(rv)))]

https://www.huber.embl.de/users/klaus/Teaching/DESeq2Predoc2014.html

PCA <- prcomp(t(assay(logTran)[select, ]), scale = F)
summary(PCA)

https://www.huber.embl.de/users/klaus/Teaching/DESeq2Predoc2014.html
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Differential Expression using DESeq2
● PCA plot

○ Set up everything for ggplot

● Run the PCA and look at the results
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percentVar <- round(100*PCA$sdev^2/sum(PCA$sdev^2),1)
ggPCA_out <- as.data.frame(PCA$x)
ggPCA_out <- cbind(ggPCA_out, sampleTable)
head(ggPCA_out)
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Differential Expression using DESeq2
● PCA plot

● Run the PCA and look at the results
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ggplot(ggPCA_out, aes(x=PC1,y=PC2,color=condition)) +
geom_point(size=4) +
labs(x = paste0("PC1 - variance explained: ", round(percentVar[1],4), "%"),

y = paste0("PC2 - variance explained: ", round(percentVar[2],4), "%")) +
theme_bw()
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Differential Expression using DESeq2
● PCA plot
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Differential Expression using DESeq2
● Volcano plot
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EnhancedVolcano(res,
lab = rownames(res),
x = 'log2FoldChange',
y = 'padj',
pCutoff = 0.05,
FCcutoff = 1.0,
pointSize = 3.0,
labSize = 4.0,
colAlpha = 4/5,
drawConnectors = FALSE)
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Differential Expression using DESeq2
● Volcano plot

○ Change categories and plot again
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keyvals <- ifelse(
res$log2FoldChange >= 1.0 & res$padj <= 0.05, 'red',
ifelse(res$log2FoldChange <= -1.0 & res$padj <= 0.05, 'green', 'black'))

keyvals[is.na(keyvals)] <- 'black'
names(keyvals)[keyvals == 'red'] <- 'Upregulated'
names(keyvals)[keyvals == 'green'] <- 'Downregulated'
names(keyvals)[keyvals == 'black'] <- 'NS'
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Differential Expression using DESeq2
● Volcano plot

○ Change categories and plot again
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EnhancedVolcano(res,
lab = rownames(res),
x = 'log2FoldChange',
y = 'padj',
pCutoff = 0.05,
FCcutoff = 1.0,
pointSize = 3.0,
labSize = 4.0,
colAlpha = 4/5,
colCustom = keyvals,
drawConnectors = FALSE)
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Differential Expression using DESeq2
● Volcano plot

○ Change categories and plot again
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EnhancedVolcano(res,
lab = rownames(res),
x = 'log2FoldChange',
y = 'padj',
pCutoff = 0.05,
FCcutoff = 1.0,
pointSize = 3.0,
labSize = 4.0,
colAlpha = 4/5,
colCustom = keyvals,
drawConnectors = FALSE)
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Differential Expression using DESeq2
● Heatmap
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resorted_deresults <- res[order(res$padj),]
sig <- resorted_deresults[!is.na(resorted_deresults$padj) &

resorted_deresults$padj < 0.05 &
abs(resorted_deresults$log2FoldChange) >= 6.5,]

selected <- rownames(sig);selected
ntd <- normTransform(dds)

pheatmap(assay(ntd)[selected,], cluster_rows = TRUE, show_rownames = TRUE, 
cluster_cols = TRUE, labels_col = colData(dds)$sampleName)
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Differential Expression using DESeq2
● Heatmap
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More downstream analyses in R...
● GO enrichment

• gprofiler2

● Pathway analysis
• gage
• pathview
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