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Why do we need quality control?

NGS generates highly accurate data, however there are still a few types of 
errors:

• Contamination with adapters
• Technical duplication in the library
• Failure at specific parts of the flow cell
• Amplification bias - PCR duplicates
• …



Quality scores in fastq files

Fastq files store quality scores in ASCII characters

= probability 
of sequence 
base being 
wrong

Quality character 
= ASCII(    + 33)

ASCII-quality score mapping:

https://hbctraining.github.io/Intro-to-rnaseq-hpc-orchestra/lessons/06_assessing_quality.html
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FastQC

So we use FastQC
• A tool to generate reports based on sequencing quality 

information from FASTQ or SAM/BAM files
• Command line and interactive mode
• Outputs an html report and a .zip file with the raw quality data
• Enables a quick look at the potential problems with your 

experiment



FastQC report - summary

Good quality sequence Bad quality sequence



FastQC report – basic statistics



FastQC report – per base sequence quality
Examines the Phred quality scores



FastQC report – per base sequence quality

Mean quality score

Examines the Phred quality scores



FastQC report – per tile sequence quality
Examines the Phred quality scores



FastQC report – per sequence quality scores
Examines the Phred quality scores



FastQC report – per base sequence content
Examines the sequence base content



FastQC report – per sequence GC content
Examines the sequence base content



FastQC report – per base N content

N is a base that could not be called

Examines the sequence base content



FastQC report – sequence length distribution
Examines the sequence length



FastQC report – sequence duplication level

Percentage of reads of a given sequence which are present a given 
number of times in the file.

Examines potential unwanted sequences



FastQC report – overrepresented sequences

A sequence is considered 
overrepresented if it accounts 
for ≥ 0.1% of the total reads.

https://rtsf.natsci.msu.edu/genomics/tech-notes/fastqc-tutorial-and-faq/

Examines potential unwanted sequences



FastQC report – overrepresented sequences
Examines potential unwanted sequences



FastQC report – adapter content

Cumulative plot of the percentage of reads where an adapter 
sequence has been identified at the indicated base position. 

Examines potential unwanted sequences



FastQC report – Kmer content

By default not displayed in the report
Measures the count of each k-mer (by default k 
= 7) at each position along the read

Examines potential unwanted sequences



A common quality problem

A drop in sequence quality towards the 3’end of the read is common

Normally, you can trim the reads so that you just keep the parts that 
have a Phred score > 20



A common quality problem

This drop in sequence quality is often caused by phasing

DNA 
pol

F
T

Normal Illumina sequencing by synthesis:

https://www.ebi.ac.uk/training/online/courses/functional-genomics-ii-common-technologies-and-data-analysis-methods/next-generation-
sequencing/illumina-sequencing/



A common quality problem

This drop in sequence quality is often caused by phasing

DNA 
pol

F
T T

Normal Illumina sequencing by synthesis:

T
F

https://www.ebi.ac.uk/training/online/courses/functional-genomics-ii-common-technologies-and-data-analysis-methods/next-generation-
sequencing/illumina-sequencing/



A common quality problem

This drop in sequence quality is often caused by phasing

DNA 
pol

F
T T

Normal Illumina sequencing by synthesis:

T
F

https://www.ebi.ac.uk/training/online/courses/functional-genomics-ii-common-technologies-and-data-analysis-methods/next-generation-
sequencing/illumina-sequencing/



A common quality problem

This drop in sequence quality is often caused by phasing

DNA 
pol

F
T

Normal Illumina sequencing by synthesis:

https://www.ebi.ac.uk/training/online/courses/functional-genomics-ii-common-technologies-and-data-analysis-methods/next-generation-
sequencing/illumina-sequencing/

T
F



A common quality problem
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A common quality problem

This drop in sequence quality is often caused by phasing

Sometimes, terminators are not 
properly removed:

Correct removal of terminators:

F
T

T
F

This DNA 
fragment is now 
one cycle behind 
the rest.
It is out of phase

https://www.ebi.ac.uk/training/online/courses/functional-genomics-ii-common-technologies-and-data-analysis-methods/next-generation-
sequencing/illumina-sequencing/



A common quality problem

This drop in sequence quality is often caused by phasing

• Defect terminator caps can also cause a similar effect, 
where two nucleotides can bind in one cycle (called 
prephasing)

https://www.ecseq.com/support/ngs/why-does-the-sequence-quality-decrease-over-the-read-in-illumina

• This fragment will pollute the light 
signal that the sequencer's camera 
has to read

• Over time, with increasing read 
length, they add up and pollute the 
light signal more and more, leading 
to lower and lower quality scores

correct



Artifact removal

So what do we do if the quality isn’t good enough?

Often we need to remove the bad parts
Poor quality bases at read ends:
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So what do we do if the quality isn’t good enough?
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Leftover adapter sequences:



Artifact removal

So what do we do if the quality isn’t good enough?

Often we need to remove the bad parts
Known contaminants:



Artifact removal

So what do we do if the quality isn’t good enough?

Often we need to remove the bad parts

In the practical, we will use Cutadapt to perform quality trimming of 
our sample dataset



Practical time

Let’s practice!


