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Why do we need quality control?

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

e 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

@K00359:71:HJJL7BBXX:3:1101:1996:1508 1:N:0:ATCACG
AAAATTCCAAGCTGGTTTCAACAGTACTTTGTTTCCAGAACAAAGAAATG
+

AAAFFJJJJJFJJ<J<FJJJJJJJIIIIIIIFIIFIIIIFFIFI]II]]<

€ = probability

of sequence . Quality character
pasebeing @ = —10-logio(e) — ZasciQ+ 33)
wrong

ASCII-quality score mapping:

Quality encoding: !"#$%&'()*+,-./0123456789: ; <=>7@ABCDEFGHI

| l I | I
Quality score: @...ccvue 10.cssccns 20

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
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FastQC report — basic statistics

@Basic Statistics @Baslc Statistics
Filename good_sequence_short.txt Filename bad_sequence.txt
File type Conventional base calls File type Conventional base calls
Encoding Illumna 1.5 Encoding Illumna 1.5
Total Sequences 250000 Total Sequences 395288
Sequences flagged as poor quality O Sequences flagged as poor quality O
Sequence length 40 Sequence length 40

%GC 45 %GC 47



FastQC report — per base sequence quality

Examines the Phred quality scores

@Per base sequence quality ePer base sequence quality
Qualty scores across all bases (lumina 1.5 encodng) Qualty scores across all bases (llumina 1.5 encoding)
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FastQC report — per

@Per base sequence quality
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FastQC report — per tile sequence quality

Examines the Phred quality scores

@Per tile sequence quality QPer tile sequence quality




FastQC report — per sequence quality scores

Examines the Phred quality scores

@Per sequence quality scores @Per sequence quality scores
Qualty score distribution over all sequences Quaity score distribution over all sequences
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FastQC report — per base sequence content

Examines the sequence base content

@Per base sequence content Per base sequence content
Sequence contert across all bases Sequence content across all bases
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FastQC report — per sequence GC content

Examines the sequence base content

@Per sequence GC content Uper sequence GC content
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FastQC report — per base N content

Examines the sequence base content

@Per base N content @Per base N content
N contert across all bases N content across all bases
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N is a base that could not be called



FastQC report — sequence length distribution

Examines the sequence length

QSequence Length Distribution @Sequence Length Distribution
Distribution of sequence lengths over all sequences Distribution of sequence lergths over all sequerces
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FastQC report — sequence duplication level

Examines potential unwanted sequences

@Sequence Duplication Levels l"Sequence Duplication Levels
Percent of segs remainin g if decuplicated 94.81% Percent of seqs remaining ¢ deduplicated 69.11%
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Percentage of reads of a given sequence which are present a given
number of times in the file.



FastQC report — overrepresented sequences

@Overrepresented sequences
No ovemrepresented sequences

A sequence is considered
overrepresented if it accounts
for =2 0.1% of the total reads.

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

"Overrepresented sequences

Examines potential unwanted sequences

Sequence
AGAGTTTTATCGCTTCCAT GACGCAGARGT TARCACTTTC
GATTGGOGT AT CCAACCT GCAGAGTTTTATCGCTTCCATG
ATTGGOGT ATCCAACCT GCAGAGTTTTATCGCTTCCATGA
CGAT AAAAAT GATT GGOGT AT CCARCCT GCAGAGTTTTAT
GT AT CCARCCT GCAGAGT TTT AT OGCT TOCAT GACGCAGA
ARARAT GATTGGOGT AT CCARCCT GCAGAGT TTT ATCGCT
TGATTGGOGT AT CCARCCT GCAGAGT TTTATCGCTTCCAT
AMCCTGCAGAGTTTTATCGCTT CCAT GACGCAGARGTT AL
GAT ARARAAT GATTGGOGT AT CCARCCT GCAGAGTTTTATC
ARAT GATT GGOGT AT CCARCCT GCAGAGTTTTATCGCTTC
ATGATTGGOGT AT CCARCCT GCAGAGT TTTATOGCTTCOCA
AATGATT GGOGT AT CCARMCCT GCAGAGT TTTATCGCTTCC
AAAAT GATTGGOGT AT CCAACCT GCAGAGT TTTATCGCTT
CGT AT CCAACCT GCAGAGTTTT ATCGCTTCCAT GACGCAG
AT CCARCCT GCAGAGT TTT ATCOGCT T CCAT GACGCAGARG
CAGAGTTTTATCGCT TOCAT GACGCAGARGT TARCACTTT
TGCAGAGTTTTATCGCT T CCAT GACGCAGARGT T ARCACT
CARCCTGCAGAGTTTT ATCGCT T CCAT GACGCAGARGTT A
TATCCARCCT GCAGAGTTTT AT CGCTT CCAT GACGCAGAR

COGTT CAGCAGGAAT GOOGAGAT COGAAGAGOGGT T CAGC
TCTGCAGGT TGOAT ACGOCART CATTTTT AT CGARGOGOG
COCTT AMGCT ACCAGTT AT AT GOCT GOGGGGTTTTTTTT
CTCT GOAGGT TGGAT ACGOCART CAT TT T T AT CGARMGCGC
CTGOGT CAT GOGAAGOGAT AAAACT CT GCAGGT T GGAT ACG
CTGCAGGT T GOGAT ACGOCAAT CATTTTT AT CGARGOGOGC
GCTT AMGCT ACCAGTT AT AT GOCT GOOOOGTTTTTITTITG
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FastQC report — overrepresented sequences

Examines potential unwanted sequences

QOverrepresented sequences

GATCGGAAGAGCACACGTCTGAACTCCAGTCACGCCAATATCTCGTATGC 4156 0.20779999999999998 TruSeq Adapter, Index 6 (100% over 50bp)

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 3490 0.1745 No Hit



FastQC report — adapter content

Examines potential unwanted sequences

@Adapter Content eAdapter Content
% Adapter % Adapt:
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Cumulative plot of the percentage of reads where an adapter
sequence has been identified at the indicated base position.



FastQC report — Kmer content

Examines potential unwanted sequences

“’Kmer Content “’Kmer Content
Log2 CosExp Log2 Obs/Exp
TACATTA TAGGTCC
0 GAGALC
30
GCCGAGT
17.5 i o .
25
1%
129% 0
10
1%
7.5
10
S
25 S
o 1 2 3 4 5 6 7 8 921011121314 15161710192021 2223242520627 0200N 2004 0 /\ — - M A Vk\]
gs 1 2 3 4 5 6 7 8 91011121314151617168190 2021 2223 24 25 262 99303133334
Position in read (bp)
Position in read (bp)
PValue Obs/Exp Max | Max Obs/Exp Position
TACATTA 0.003151852 21,2465 12
TAGGTCC 1.5062017€-5 33.6211
CGAGACC 105 0.0 32.37975 29
By default not displayed in the report coamc %0 0.0 neown =
GOCGAGT 170 0.0 31.625078 27
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= 7) at each position alongtheread =



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

Quality scores across all bases (lllumina >v1.2 encoding)
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A common quality problem

This drop in sequence quality is often caused by phasing

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/
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A common quality problem

This drop in sequence quality is often caused by phasing

Normal Illumina sequencing by synthesis:
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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

Sometimes, terminators are not Correct removal of terminators:
properly removed:

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

This drop in sequence quality is often caused by phasing

Sometimes,Afrminators are not rect removal of terminators:

properly re d:
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

« This fragment will pollute the light coiect pnajing
signal that the sequencer's camera 2w
has to read £ 28 20 30 Lt Pep

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

* 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



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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Artifact removal

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

Often we need to remove the bad parts

Leftover adapter sequences:
QAdapm Content
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Artifact removal

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

Often we need to remove the bad parts

Known contaminants:
OPor sequence GC content
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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!



