
RNA-seq



What is RNA-seq and how does it 
work?



What is RNA-seq?

• RNA-seq = RNA sequencing
• Use next generation sequencing 

to quantify RNA in a cell
• Mainly when people do RNA-seq 

they’re concerned with mature 
messenger RNA, because they 
want to know what genes are 
expressed

Stark 2019, Image: Wikipedia



RNA-seq workflow

• RNA is extracted from cell

• Only mRNA (sometimes lincRNA) enriched

• Converted to cDNA

• Construct library 

• Sent to sequencing  



RNA-seq from sequencing reads to expression

unaligned reads

alignment to genome 
(while aware of exon structure) 

If we care about alternative  transcripts,
 we can assemble transcriptome   

count reads per gene 

Actual analysis 
differential gene expression / allele specific expression / expression QTL



RNA-seq split reads mapping



RNA-seq split reads mapping



RNA-seq split reads mapping







(Some) of the Many Gene IDs

• Ensembl ids
• ENS[species prefix][feature type prefix][a 

unique eleven digit number].[version 
number]

• Human: ENSG00000168769, Mouse: 
ENSMUST00000101509.9

• HUGO Gene Naming Consortium sets gene 
names like BRCA1

• Other ids:
• Entrez
• UCSC
• NCBI
• RefSeq
• OMIM
• Uniprot

• If you don’t know what type of id it is, 
google the id

Jozef Madzo





Plotting DE results: PCA



Plotting DE results: Volcano and MA plot

Jozef Madzo



Volcano Plot

• X-axis shows the average log2 
fold change for the variable of 
interest
• Y-axis negative log10 corrected 

p-value
• Overall shows how the 

expression in the treatment 
group changes and how 
statistically significant the 
changes are



MA Plot

• X-axis shows the average
expression for all samples
• Y-axis shows the log2 fold 

change for the variable of 
interest
• Overall shows how the

expression in the variable group 
changes relative to all other 
samples



Plotting DE results: Heatmap



UpSet Plot

• New variation on a venn diagram 
because venn diagrams are not 
great at visualizing more than 2 
or 2 sets 
https://en.wikipedia.org/wiki/Ve
nn_diagram
• Points and line on the bottom

show the overlap between the
conditions on the left
• Bar height and counts show the 

number of features that overlap

https://en.wikipedia.org/wiki/Venn_diagram
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