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Dealing with NGS data:
Differential Expression

Coding Club
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Data QC and preprocessing

Read alignment

SAM/BAM 
manipulation/visualization

Genome Assembly            
(WGS DNA-seq)

Obtaining raw read counts
or normalized expression values

Differential expression 
(RNA-seq)

Important steps on NGS data analysis workflow

Velvet, SPADES, HGAP3, Falcon, 
Minimap/Miniasm

Mapping to a ref. genome
or de novo* transcriptome assembly

FastQC, Trim_Galore, Trimmomatic

Differential peak 
calling (ChIP-seq)

MACS2, Clipper, HOMER DESeq2, EdgeR, NOISeq, CuffDiff

Bowtie2, Tophat2, STAR, 
HiSAT2, GSNAP, Trinity*

Samtools,               
Picard Tools

HTSeq, FeatureCounts

Cufflinks, StringTie

Previous 
club session

Today’s session



Laiho & Elo., 2015 – Brief. Bioinform.

Software packages for DE analysis

Differential 
Expression

à Important Output Metrics: Log2(FC), p-value and FDR provided in most output files



The DESeq2 model

• Perform a “median of ratios” normalization to correct for library
size and RNA composition bias (counts divided by sample-specific size
factors determined by median ratio of gene counts relative to geometric mean per
gene);

• Use shrinkage estimation for dispersions and fold changes
because small numbers of replicates make it impossible to
estimate within-group variance reliably;

• Fit negative binomial generalized linear models for each gene
and uses the Wald test for significance testing.



Prepare the data for DESeq2 
analysis

countData: a matrix of non-negative 
integers

colData: a DataFrame with at least a
single column. Rows of colData
correspond to columns of countData.

design: a formula expressing the 
variables which will be used in 
modelling.

count.data

metadata



The main three steps of running DESeq2
1. Create a DESeqDataSet object from input. Please note that the colnames
of countData must be identical to the rownames of colData.
keep = rowSums(count.data) >= 1
count.data.keep = count.data[keep,])
dds <- DESeqDataSetFromMatrix(countData = count.data.keep, colData = 
metadata, design = ~ condition)
2. Perform the differential expression analysis.
dds <- DESeq(dds, fitType = "local")
3. Extract a results table.
res <- results(dds, contrast=c(“condition”, “tumor”, “normal”))
write.table(res[order(res$padj),], file=”resultsDESeq2.tsv", sep = "\t", 
quote=F, col.names=NA)



Bring your issues on!


