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Why study transcriptome?

A complex view of central dogma of molecular biology

2016-12-01 4/50



Why study transcriptome?

Advantages and Applications

Transcriptomes are
dynamic, that is not the same over tissues and time points
directly derived from functional genomics elements, mostly
protein-coding genes, providing a useful functionally relevant
subset of the genome, that is smaller sequence space

Transcriptomes enable
to investigate differences in gene expression patterns
to distinguish different isoforms and allelic expression
to explore gene functions
to analyze single nucleotide variants, fusion genes and
co-expression networks
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Why study transcriptome?

Advantages and Applications

Transcriptomes can also help to
understand host-pathogen immune interactions and predict
resistance to specific antibiotics
understand tumour classification and progression by determining
which variants are expressed in cancer samples
understand tumour heterogeneity and clonal evolution
(scRNA-seq)
understand complex tissues, e.g. neural (scRNA-seq)
study other biological questions in which cell-specific changes in
transcriptome are important, e.g. cell type identification,
heterogeneity of cell responses, stochasticity of gene expression
etc.
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Overview of RNA-seq work flow

High level work flow overview

Experimental design (biology, medicine, statistics)
RNA extraction (biology, biotechnology)
Library preparation (biology, biotechnology)
High throughput sequencing (engineering, biology, chemistry,
biotechnology, bioinformatics)
Data processing (bioinformatics)
Data analysis (bioinformatics & biostatistics)
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Overview of RNA-seq work flow

More detailed work flow overview

2016-12-01 9/50



Overview of RNA-seq work flow

Two main bioinformatics routes
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Understanding sequencing output

NGS data
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Understanding sequencing output

.fastq Machine output
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Understanding sequencing output

.fastq Machine output

Line 1 begins with a ’@’ character and is followed by a sequence
identifier and an optional description
Line 2 is the raw sequence letters
Line 3 begins with a ’+’ character and is optionally followed by the
same sequence identifier (and any description) again
Line 4 encodes the quality values for the sequence in Line 2, and
must contain the same number of symbols as letters in the
sequence

.fastq
@MISEQ:233:000000000-AGJP2:1:1101:15260:1358
CTGTAAATTGCCTGACTTGCTAATTGTGATTAACTTAGTTT
+
BBBBBFFFFFFFGGGGGGGGGGHFFFHGHHGFFHHHHHAG
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Understanding sequencing output

Sequence quality

Phred Quality Score
Q = -10 x log P
where:

P, probability of base calling
being incorrect
High Q = high probability of
the base being correct

A Phred quality score of 10 to a base, means that the base is
called incorrectly in 1 out of 10 times.
A Phred quality score of 20 to a base, means that the base is
called incorrectly in 1 out of 100 times.
A Phred quality score of 30 to a base, means that the base is
called incorrectly in 1 out of 1000 times.
etc.
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Understanding sequencing output

Paired-end (PE) reads
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Understanding sequencing output

Paired-end (PE) reads

File format
Two files are created
The order in files identical and naming of reads are the same with
the exception of the end
The way of naming reads are changing over time so the read
names depend on software version

@61DFRAAXX100204:1:100:10494:3070/1
AAACAACAGGGCACATTGTCACTCTTGTATTTGAAAAACACTTTCCGGCCAT
+
ACCCCCCCCCCCCCCCCCCCCCCCCCCCCCBC?CCCCCCCCC@@CACCCCCA

@61DFRAAXX100204:1:100:10494:3070/2
ATCCAAGTTAAAACAGAGGCCTGTGACAGACTCTTGGCCCATCGTGTTGATA
+
_^_a^cccegcgghhgZc`ghhc^egggd^_[d]defcdfd^Z^OXWaQ^ad
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Understanding sequencing output

Strandness

2016-12-01 18/50



RNA-seq data analysis Mapping based approach

RNA-seq data analysis
Mapping based approach
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RNA-seq data analysis Mapping based approach

Quality control of raw reads

Available tools
FastQC, PRINSEQ
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RNA-seq data analysis Mapping based approach

Raw reads filtering and trimming

filtering reads for quality score, e.g. with avg. quality below 20
defined within 4-base wide sliding window
filtering reads for read length, e.g. reads shorter than 36 bases
removing artificial sequences, e.g. adapters

Available tools
TRIMMOMATIC, FastX, PRINSEQ, Cutadapt
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RNA-seq data analysis Mapping based approach

Reference genome and annotations

.fasta (download reference genome FASTA file)

.gtf (download the corresponding genome annotation in GTF or GFF)

Source
ENSEMBL, NCBI
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RNA-seq data analysis Mapping based approach

Mapping reads to the genome

Choose adequate aligner
Use annotations and allow for spliced mapping

Available tools
Star, Tophat, Subread and many more...
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RNA-seq data analysis Mapping based approach

Mapping reads to the genome: QC

Reads should mostly map to known genes
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RNA-seq data analysis Mapping based approach

Mapping reads to the genome: QC

Most splice event should be known and canonical (GU-AG)

Available tools
RseQC, Picard, QualiMap

2016-12-01 25/50



RNA-seq data analysis Mapping based approach

Counting reads

Available tools
HTSeq, featureCounts, R
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RNA-seq data analysis Mapping based approach

Counting reads

from: http://www-huber.embl.de/users/anders/HTSeq/doc/count.html

2016-12-01 27/50



RNA-seq data analysis Mapping based approach

Counting reads

Available tools
HTSeq, featureCounts, R
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RNA-seq data analysis Mapping based approach

Normalization: from counts to gene expression

RPKM & FPKM
Reads or Fragments Per Kilobase per Milion
Correct for: differences in sequencing depth and transcript length

Other
TMM: correct for differences in transcript pool composition
TPM: correct for transcript length distribution in RNA pool
Voom: removing dependence of variance on the mean
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RNA-seq data analysis Mapping based approach

Differential expression

Reads counts do not follow normal distribution
Typically low number of replicates or samples per group
Recommend to use statistical packages prepared specifically for
the statistical analyses of count data
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Available tools
Cuffdiff, edgeR (R), limma (R), DESeq (R)
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RNA-seq data analysis Mapping based approach

Differential expression

Available tools
Cuffdiff, edgeR (R), limma (R), DESeq2 (R)
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RNA-seq data analysis Mapping based approach

Differential expression
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Available tools
Cuffdiff, edgeR (R), limma (R), DESeq2 (R)
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RNA-seq data analysis Mapping based approach

Beyond differential expression

Annotating the results e.g. with gene symbols, GO terms
Visualising the results, e.g. Volcano plots
Gene set analysis etc...

Available tools
bioMart (R), DAVID, GOrilla, REVIGO, ClustVis...
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RNA-seq data analysis Transcriptome assembly

RNA-seq data analysis
Transcriptome assembly
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RNA-seq data analysis Transcriptome assembly

Transcriptome assembly

The goals is to reconstruct full-length transcript based on the
sequence reads
This is done via algorithms using the small overlapping reads
fragments

If the reference genome is known: genome guided
If the reference genome is unknown de novo assembly
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RNA-seq data analysis Transcriptome assembly

Transcriptome assembly

Challenges

Genes show different levels of gene expression, hence uneven
coverage among genes
More sequencing depth is needed to represent less abundant
genes and rare events
In order to balance the abundance differences between genes,
laboratory procedures for library normalisation

2016-12-01 36/50



RNA-seq data analysis Transcriptome assembly

Transcriptome assembly

Available tools
SOAP-denovo TRANS
Oases
Trans-ABYSS
Trinity

All of them uses de Bruijn graphs to cope with the data and many of
them have been developed from a genome assembly program
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RNA-seq data analysis Transcriptome assembly

Trinity
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RNA-seq data analysis Transcriptome assembly

Summary

Many different expertises needed for RNA-seq experiment
Think ahead, plan wisely, ask for help
If your experimental design is wrong nothing will help

Assess and try to improve the quality of raw reads
use QC tools and talk to sequencing centre

If reference genome is available
get a corresponding genome annotation
align your reads using spliced alignment
in well-annotated genomes most reads should map to known genes
use tools designed for statistical analyses of sequencing count data
(bioconductor)
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RNA-seq data analysis Transcriptome assembly

Summary

If interested in transcriptome assembly
use reference genome to guide it, if available
send lots of time in assessing the results e.g. by comparing related
species, looking at ORFs
consider merging with other data sources
consider trying different assembler

Ensure that your experimental design allows addressing the
question of interest

More replicates translates into more power for differential gene
expression and easier publication process
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Exercises
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Exercises

Exercises

Main exercise
checking the quality of the raw reads with FastQC
mapping the reads to the reference genome using STAR
converting between SAM and BAM files format using Samtools
assessing the post-alignment reads quality using QualiMap
counting reads overlapping with genes regions using
featureCounts
building statistical model to find DE genes using edgeR called
from a prepared R script
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Exercises

Bonus exercises
functional annotation, putting DE genes in the biological context
exon usage, studying the alternative splicing
data visualisation and graphics
de novo transcriptome assembly
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...

Questions?
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...

.fastq Machine output
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...

.fastq Machine output: Paired-end (PE) sequencing
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...

Counting reads

from: http://www-huber.embl.de/users/anders/HTSeq/doc/count.html
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...

From counts to gene expression

2016-12-01 48/50



...

From counts to gene expression
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...

Experimental design

Count reads (convert to RPKM/FPKM?)
Small number of reads (= low RPKM/FPKM values) often
non-significant
Remember that Fold change is not the same as significance

Gene A 

Condition 1 Condition 2 

Gene B 

Fold_Change Significant? 

1 2 2-fold 

100 200 2-fold 

No 

Yes 
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