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Dec. 5 - Analysing transcriptome data (using R) – part 1



Outline

Monday
Before lunch:
§ Transcriptomics (lectures/practical)

§ Sequencing technologies
§ Transcriptome assembly
§ Gene expression

After lunch:
§ Basic R/RStudio (lecture)
§ Installing/setting up R/RStudio
§ Basic R (practical)

Tuesday
Before lunch:
§ Transcriptomics (lectures/practical)

§ Experimental design
§ Quality assessement
§ Differential gene expression

After lunch:
§ Bioconductor (lecture)
§ Transcriptomics/DE-test 

(lecture/practical)



Moving away from model organisms

https://biology.uiowa.edu/model-organisms









Obtaining the transcriptome (not many years ago)



Obtaining the transcriptome (not many years ago)



Obtaining the transcriptome (not many years ago)



A word of caution…



Uses of RNA-seq

Transcriptome

Gene content
(e.g. phylogeny)

Gene regulation
(e.g. miRNAs)

Annotation
of genome

Alternative 
splicing

Evo-devoMeta-transcriptomics
(community function)

Differential
expression



Genome annotation – better gene prediction



Isoforms – alternative splicing



Differential gene expression - functional studies



Phylogenomics



Comparative gene expression (between tissues 
or between species – or both)



Meta-transcriptomics



“Next generation” transcriptomics



Wikipedia

• Transcriptome and expression in 

one go

• No need for prior gene/genome 

sequence information

• High throughput

• Can be outsourced

• Can be costly





Next generation sequencing (NGS/HTS)

https://flxlexblog.wordpress.com/



Illumina



PacBio - single-molecule sequencing



PacBio - single-molecule sequencing

www.pacb.com



Briefly about sample preparation



Briefly about sample preparation



Illumina paired-end 
sequencing

• You get two reads from 
the same RNA fragment

• Can be long gap in between

• Easier to assemble. 
Detect novel splice variants.



Fastq format (.fastq)



Fastq format (.fastq)

When paired-end
Pair mate has ‘2’ here

One read (each read cover 4 lines)

Another read

Each read starts
with ‘@’

Separator

Sequence quality
scores

Sequence



A general RNA-seq pipeline





Sequence quality

Raw read trimming

• Adapter trim: based on sequence similarity
• - adapter/sequencing primer removal

• Hard trim: set number of bases
• Certain primers (tags)
• Known bias

• Soft trim: set quality threshold
• Quality trimming



Sequence quality

FastQC

Phred Quality Score 30 = 99.9% accuray (20 = 99%)



Sequence quality

FastQC

Phred Quality Score 30 = 99.9% accuray (20 = 99%)



Exercise 1 – Quality assessment



Mapping / de novo assembly



Mapping / de novo assembly



Reference genome

TopHat2 – part of the “Tuxedo pipeline”

HISAT – replaces TopHat2?



TopHat2

1. aligns reads to the 
transcriptome using bowtie

2. Unmapped reads are 
mapped to the genome 
(discovery of novel 
transcripts)

3. Remaining reads are split 
up and mapped to find 
splice junctions





Exercise 2 – Mapping


