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Course outline 

Part A: Introduction
- Why sequence RNA?
- How is the transcriptome sequenced?
- Experimental design considerations
- Analysis workflow overview
Part B: Raw data and quality checking
- Uploading data on Galaxy
- Quality checking with fastQC and multiQC
- Trimming
Part C: Alignment and Visualisation
- Alignment with HISAT2
- Visualisation in IGV 
Part D: Differential Expression Analysis
- Obtaining count data with featureCounts
- DESeq2
- Functional annotation
Part E: Useful resources 
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Raw sequence data
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Visualisation
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Part A: Why sequence RNA?
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Part A: How does RNA sequencing work?
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Part A: How does RNA sequencing work? 

https://www.biocompare.com/Molecular-Biology/9187-Next-Generation-Sequencing/

http://nextgen.mgh.harvard.edu/IlluminaChemistry.html

https://www.biocompare.com/Molecular-Biology/9187-Next-Generation-Sequencing/
http://nextgen.mgh.harvard.edu/IlluminaChemistry.html
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Part A: Experimental Design

Want design to be able to give you results that are statistically 
sound and provide you with answers to your experimental 

questions. 

Replicates: Technical vs Biological 
Data amount/type: Read length, single vs paired end, stranded 

vs unstranded, desired depth of coverage
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Part A: Replicates and protocols
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Part B: Analysis in Galaxy
https://usegalaxy.org.au/

Tools Viewing Panel History
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Part B: The study

Knockout mouse model to study Williams-Beuren Syndrome 
(WBS), a rare disease found in people
– distinctive facial features
– intellectual disability
– cardiovascular abnormalities 

It is caused by a disruption in the Gtf2ird1gene
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Part B: The study

To improve our understanding of this disease, Corley et al. 2016 
created a knockout mouse model of this disease. 

Which genes (if any) are upregulated or downregulated in our 
knockout mice and how do these relate to the disease phenotype?
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Part B: Uploading data

Raw sequence files are sent in FASTQ format. In practice, 
download and store these in a safe place such as the Research 
Data Store systems provided by the University

- Copy the links to the FASTQ files

- Go back to Galaxy
- Click the upload icon 

https://informatics.sydney.edu.au/training/coursedocs/SRR3473984.fastq
https://informatics.sydney.edu.au/training/coursedocs/SRR3473985.fastq
https://informatics.sydney.edu.au/training/coursedocs/SRR3473986.fastq
https://informatics.sydney.edu.au/training/coursedocs/SRR3473987.fastq
https://informatics.sydney.edu.au/training/coursedocs/SRR3473988.fastq
https://informatics.sydney.edu.au/training/coursedocs/SRR3473989.fastq

https://informatics.sydney.edu.au/services/coursedocs/SRR3473985.fastq
https://informatics.sydney.edu.au/services/coursedocs/SRR3473985.fastq
https://informatics.sydney.edu.au/services/coursedocs/SRR3473986.fastq
https://informatics.sydney.edu.au/services/coursedocs/SRR3473984.fastq
https://informatics.sydney.edu.au/services/coursedocs/SRR3473984.fastq
https://informatics.sydney.edu.au/services/coursedocs/SRR3473984.fastq
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Part B: Uploading data

A white box should appear.
- Click 
- Paste the links in the box that appears
- Change “Type” to “fastqsanger”
- Do the same for the annotation file, except leave “Type” as 

“Auto-detect”

https://informatics.sydney.edu.au/training/coursedocs/Mus_musculus.GR
Cm38.chr18region.gtf

https://informatics.sydney.edu.au/training/coursedocs/Mus_musculus.GRCm38.chr18region.gtf
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Part B. Uploading data

– Click
– You may now close the upload box

In the history panel
Grey panels – in queue
Yellow – running
Green – job has completed
Red – job has failed
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Part B. Uploading data

Your ”upload job” will be 
submitted to the Galaxy server. 

When it is complete, it will 
appear in green in your history 
pane.
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Part B: FASTQ files

Inspect your FASTQ files by clicking
on the eye icon

Line 1 @ followed by sequence identifier. Usually contains some sequencing 
and pair membership information 
(e.g. @HWUSI-EAS100R:6:73:941:1973#0/1)

Line 2 Raw sequence 

Line 3 + optionally followed by sequence identifier/description

Line 4 Quality values for line 2 encoded in ASCII (usually Phred+33)
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Part B: Phred Quality Scores
Using corresponding ‘Dec’ values in this ASCII table 
(http://www.asciitable.com/ ), what is the Phred quality score of the 
first base in read provided in SRR3473984.fastq? 

Phred quality scores Q are 
defined as a property which is 
logarithmically related to the 
base-calling error probability P.

Now that you have determined the Phred score for the first base in the 
previous example, what is the probability (P) that this base was 
incorrectly called by the sequencing machine?

Why do we use ASCII to encode quality scores?

http://www.asciitable.com/
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Part B: FASTQ files
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Part B: FastQC

– In the Tools panel (left), click FastQC under FASTQ Quality 
Control (or search for fastqc)

– Click on the multiple datasets icon and select all fastq files
– Leave other options as default and click execute

More info about the tool can be found at the bottom of the 
screen.
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Part B: FastQC

– For each fastq file, FastQC will create a “Webpage” and 
“RawData” output

– Click on the eye icon for the SRR3473984.fastq webpage 
output to view the quality report 

The authors of FASTQC have provided a description of each 
category. 

https://www.bioinformatics.babraham.ac.uk/projects/fastqc/Help/3%20Analysis%20Modules/
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Part B: FastQC
passed QC
failed QC
warning

How many sequences were in SRR3473984.fastq?
What are the lengths of the reads in SRR3473984.fastq?
Which part of the reads tend to have worse per base sequence 
quality? 

When inspecting FastQC reports for RNA seq data, you may 
notice the categories “Per base sequence content” and “Sequence 
Duplication Levels” marked as failing QC. Why is this?
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Part B: MultiQC
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Part B: Trimming

Trimming is sometimes performed to improve the quality of the raw 
data and potentially improve its mappability. There are several ways to 
perform trimming:
- Removal of poor quality reads or bases (e.g. ends of reads)
- Removal of adapter sequences
- Removal of polyA tails

Be very wary about trimming RNA sequencing data
Trimming of poor quality reads can affect gene expression estimates 
(Williams at el., 2016)

Trimming of high quality adapter sequences was shown to increase 
quality and reliability of biological signals in RNA-seq data (Dozmorov 
et al., 2015)

https://bmcbioinformatics.biomedcentral.com/articles/10.1186/s12859-016-0956-2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4597324/
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Part C: Alignment with HISAT2

– In the tools panel, click “RNA-seq”
– Click HISAT2
– Input a reference genome

– Source for the reference genome: Use a built-in genome
– Select a reference genome: Mouse (Mus Musculus) mm10

– Input your reads
– Single-end or paried-end reads?: Single-end
– FASTA/Q: Click on the multiple datasets icon, highlight all six fastq files

– Specify strand information
– Leave as unstranded

– Click execute
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Part C: Stranded vs Unstranded

There are two types of RNA sequencing sample preparation protocols: 
stranded and unstranded. It is important to know which you have in the 
downstream analysis.

Stranded protocols retain strandedness information (whether your RNA 
was transcribed from the forward or reverse strand). Unstranded
protocols do not retain this information.

Mammalian genomes have many overlapping genes…e.g. BDNF locus in 
humans (UCSC hg19 genome browser coordinates chr11:27,671,365-
27,684,616)

Tip: In the tools panel under RNA Analysis, you can use Infer Experiment 
to determine whether RNA sequencing was strand specific 
(forward/reverse) or unstranded.
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Part C: Alignment with HISAT2

Mapping to a reference genome
– Allows transcript discovery (better with paired end data)
– Variant calling 



The University of Sydney Page 26

Part C: Visualisation with IGV 

Unfortunately, we have forgotten to label our samples and 
don’t know which samples belong to the wildtype or knockout 

group! 

In the next task, we will use the Integrated Genomics Viewer (IGV) 
to visualise our alignments and assign samples to their correct 

treatment group (wildtype or knockout)
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Part C: The study

The key to this is:

SRR3473984.fastq 
SRR3473985.fastq 
SRR3473986.fastq     ?
SRR3473987.fastq 
SRR3473988.fastq 
SRR3473989.fastq 

“A loss of function mutation of Gtf2ird1 was generated by 
a random insertion of a Myc transgene into the region,

resulting in a 40 kb deletion surrounding exon 1”
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Part C: IGV
Go to: http://software.broadinstitute.org/software/igv/download

Click on the Launch button that is relevant to your machine. You 
may be asked to install the most recent version of Java.

You can also download the bams/index files and upload these to 
the IGV web application: https://igv.org/app

http://software.broadinstitute.org/software/igv/download
https://igv.org/app
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Part C: Visualisation with IGV 

– Change the reference genome to “Mouse (mm10)”
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Part C: Visualisation with IGV

– Go back to Galaxy
– Click on “HISAT2 on data 1: 

aligned reads (BAM)”

Notice that our aligned files are in 
“BAM”format. This is in binary SAM 
format (if you click on the eye icon –
you are actually viewing the SAM 
format). Also notice alignment stats 
provided.

- Click on “local”
- Your bam file should load in IGV



The University of Sydney Page 31

Part C: Visualisation with IGV

– Let’s open another 2 alignments 
– Go back to Galaxy
– Navigate to another BAM file (e.g. “HISAT2 on data 2” and 

“HISAT2 on data 6”) 
– Click “local”
– Practice  navigating

– Navigate to Gtf2ird1: chr5:134,332,897-134,481,480
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Part C: Visualisation with IGV

Key is to look at exon 1…
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Part C: Renaming .bam files on Galaxy

– Once you have identified your samples, rename them to 
something more meaningful

– Click on the edit attributes button       next to your sample bam 
file (“HISAT2 on data …”) 

– Type in the new file name under “Name:”
– Click save
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Part D: Differential expression – count data

We are now ready to obtain raw count data. We want to count 
the number of reads that fall within each gene. 

We will need an annotation file (GTF/GFF3) that tells us where 
the genes are located in the genome. We uploaded this file 
earlier (Mus_musculus.GRCm38.chr18region.gtf).
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Part D: Obtaining raw counts with featureCounts

– In the tools panel, under RNA-seq, click on featureCounts
– Alignment file

– Click the multiple datasets icon and highlight all six bam files

– Gene annotation file
– In your history
– Gene annotation file: select the GTF file we uploaded earlier

– In “Advanced options” change “GFF gene identifier” to 
“gene_name”

– Click execute

Gene A

Gene B
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Something else to be wary of…

Sample 1 has twice as many reads 
at gene A than sample 2. 

The average coverage in sample 1 
is twice the amount as it is for sample 2.

Is the expression for gene A higher for sample 
1 than sample 2?
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Part D: Count data

– featureCounts outputs two files per sample: “counts” and 
“summary”. Carefully delete ”summary” files to keep things 
tidy

– Observe the count data
– Rename the data to something more meaningful (e.g. 

“WT_1_counts”)
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Part D: Differential expression analysis with DESeq2

We are now ready to perform statistical testing to see which 
genes have significant differential expression between treatment 
groups.
– In the tools panel under 

RNA-seq, click on DESeq2
– Name “Condition” as your 

Factor
– Input wildtype and knockout 

count data as separate 
factors

– Specify wildtype last so that 
it is used as the base level

– Leave everything else as 
default, click Execute
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Part D: DESeq2 output files

DESeq2 produces two output files:
1. A ”DESeq2 plots …” pdf file containing 5 plots 

– Principal components analysis plot (PCA plot)
– Sample-sample distances heatmap
– Dispersion estimates
– Histogram of p-values
– MA plot

2. A “DESeq2 results…” file containing statistical results

Let’s observe the plots first. 
– Click the eye icon to view the plots 
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Part D: DESeq2 plots – PCA

– Principal 
components 
analysis plot

– Sample 
clustering

– Indicates 
possible 
contamination, 
other issues
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Part D: DESeq2 plots – Sample to sample distances

– Sample 
clustering
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Part D: DESeq2 plots – MA plot

– Logfold
changes for 
each gene vs 
mean of 
normalised 
counts

– Red dots: 
significantly 
differentially 
expressed 
genes
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Part D: DESeq2 – result file

– Click the eye icon to view the DESeq2 results file
– Two significant DE genes (Padj < 0.1)
– Log2(FC) of 4.5 indicates that this gene is upregulated in the 

knockout group (wildtype was set as base level)
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Part D: DESeq2 – result file

– We can see the difference in expression of DCC between 
wildtype and knockout mice in the raw count data

– In tools under RNA-seq, click Generate count matrix
– Count files from your history

– Highlight all 6 counts files

– Click execute
– This puts all count data into a single matrix (note these are 

raw counts)
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Part D: Functional analysis

– Use your favourite database to search for associated 
phenotypes for this DE gene

– Does it relate to the disease of interest? 

(A reminder…) 
Knockout mouse model to study Williams-Beuren Syndrome 
(WBS), a rare disease found in people
– distinctive facial features
– intellectual disability
– cardiovascular abnormalities 
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Part D: Functional analysis

In a more typical RNA sequencing analysis, you will normally end up 
with hundreds to thousands of significantly differentially expressed 
genes.

What is considered significant?
- P-adj < 0.05 
- Log2(FC) over ± 2
- Somewhat arbitrary, but recommended to have 100-3,000 genes for 

pathway analysis

Tools to find enriched biological pathways for significantly differentially 
expressed
– DAVID
– PANTHER
– Ingenuity Pathway Analysis (Usyd has one shared license, contact SIH 

if you would like access)
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Part E: Useful resources
DAVID: https://david.ncifcrf.gov/

DESeq2 : http://www.bioconductor.org/packages//2.13/bioc/vignettes/DESeq2/inst/doc/DESeq2.pdf

DESeq2 (Beginner’s guide):
https://bioc.ism.ac.jp/packages/2.14/bioc/vignettes/DESeq2/inst/doc/beginner.pdf

Galaxy Australia: https://usegalaxy.org.au/

Gene Ontologies: http://geneontology.org/

GSEA: http://software.broadinstitute.org/gsea/index.jsp

HISAT2: https://ccb.jhu.edu/software/hisat2/manual.shtml

Ingenuity Pathway Analysis (also contact SIH for free access):
https://www.qiagenbioinformatics.com/products/features/

KEGG PATHWAY Database: http://www.genome.jp/kegg/pathway.html

PANTHER: http://www.pantherdb.org/

Sydney Informatics Hub – training courses: https://informatics.sydney.edu.au/services/training/

You can also come to our monthly Hacky Hour event or contact the Sydney Informatics Hub if you 
need assistance with your projects. 

https://david.ncifcrf.gov/
http://www.bioconductor.org/packages/2.13/bioc/vignettes/DESeq2/inst/doc/DESeq2.pdf
https://bioc.ism.ac.jp/packages/2.14/bioc/vignettes/DESeq2/inst/doc/beginner.pdf
https://usegalaxy.org.au/
http://geneontology.org/
http://software.broadinstitute.org/gsea/index.jsp
https://ccb.jhu.edu/software/hisat2/manual.shtml
https://www.qiagenbioinformatics.com/products/features/
http://www.genome.jp/kegg/pathway.html
http://www.pantherdb.org/
https://informatics.sydney.edu.au/services/training/
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Part E: Useful resources
The case study
Corley SM, Canales CP, Carmona-Mora P, Mendoza-Reinosa V, Beverdam A, Hardeman EC, et 
al. RNA-Seq analysis of Gtf2ird1 knockout epidermal tissue provides potential insights into 
molecular mechanisms underpinning Williams-Beuren syndrome. BMC Genomics. 2016;17:450.
https://www.ncbi.nlm.nih.gov/pubmed/27295951

Replicates in RNA sequencing studies
Schurch NJ, Schofield P, Gierlinski M, Cole C, Sherstnev A, Singh V, et al. How many biological 
replicates are needed in an RNA-seq experiment and which differential expression tool should 
you use? RNA. 2016;22:839-51.
https://www.ncbi.nlm.nih.gov/pubmed/27022035

Single-end versus paired-end reads, stranded versus non-stranded protocols
Corley SM, MacKenzie KL, Beverdam A, Roddam LF & Wilkins MR. Differentially expressed 
genes from RNA-Seq and functional enrichment results are affected by the choice of single-end 
versus paired-end reads and stranded versus non-stranded protocols. BMC Genomics. 
2017;18:399.
https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-017-3797-0

Statistical design and Analysis of RNA Sequencing Data
Auer PL & Doerge RW. Statistical Design and Analysis of RNA Sequencing Data. Genetics. 
2010;2:405-416. 
http://www.genetics.org/content/185/2/405#sec-6

https://www.ncbi.nlm.nih.gov/pubmed/27295951
https://www.ncbi.nlm.nih.gov/pubmed/27022035
https://bmcgenomics.biomedcentral.com/articles/10.1186/s12864-017-3797-0
http://www.genetics.org/content/185/2/405


The University of Sydney Page 50

Sydney Informatics Hub
informatics.sydney.edu.au

Research Computing Services

Provides research computing expertise, training, and support
– Data analyses and support (bioinformatics, modelling and simulation, visualisation)

– Training and workshops
• High Performance Computing (HPC)
• Programming (R, Python, Matlab, Scripting, GPU)
• Code management (Git)
• Bioinformatics (RNA-Seq, Genomics)

– Research Computing Support
• Artemis HPC
• Argus Virtual Research Desktop
• Bioinformatics software support (CLC Genomics Workbench, Ingenuity Pathways 

Analysis)

– Events and Competitions
• HPC Publication Incentive – High quality papers that acknowledge SIH and/or 

HPC/VRD
• Artemis HPC Symposium

https://informatics.sydney.edu.au/
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Sydney Informatics Hub
informatics.sydney.edu.au

Data Science Expertise

Provides data science (e.g. machine learning, deep learning, AI, 
NLP) expertise, training, and support

Research Data Management and Digital Tools Support

Provide expertise, training, and support on management of research 
data and use of digital tools.

– Digital research platforms supported
• eNotebook - collaborative electronic notebook
• REDCap - surveys and databases
• GitHub - software repository management
• Research Data Store
• Dropbox
• CloudStor
• Office365/OneDrive

https://informatics.sydney.edu.au/
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Sydney Informatics Hub

W: https://informatics.sydney.edu.au
E: sih.info@sydney.edu.au

https://informatics.sydney.edu.au/
mailto:sih.info@sydney.edu.au

