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Why do we need quality control?

... Because sometimes things can go wrong

NGS sequencing generates highly accurate data, but can have few types of errors:
-~ Contamination with adapters

— Technical duplication in the library

- Failure at specific parts of the flowcell

- Amplification bias - PCR duplicates

FastQC

- A tool to generate reports based on sequencing quality
information from FASTQ or SAM/BAM files

-~ Command line and interactive mode

— QOutputs an html report and a .zip file with the raw
quality data

— Quick look at the potential problems with your
experiment




Unaligned sequence: FASTQ

Quality scores come after the "+" line

Quality @) i1s proportional to -log10 probability of
sequence base being wrong e

Q = —10-logio(e€)

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

AAAATTCCAAGCTGGTTTCAACAGTACTTTGTTTCCAGAACAAAGAAATG
+

AAAFFJJJJJIFIIJ<IJ<FJJJJIIIIIIIIIIFIIFIIIIFFIFIIIIII<

Encoded in ASCII to save space:

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

| | | | |
Quality score: Q........ W cnn o or 240 1 3 oo Sl)encinn e 40

Used In quality assessment and downstream analysis



Probability of incorrect base calls

Quality scores come after the "+" line

Quality @) i1s proportional to -log10 probability of
sequence base being wrong e

Q = —10-logio(e€)

Phred Quality Scoreé Probability of incorrect base call Base call accuracy
10 11in 10 90%
20  +  tin10 09%
- 30 in1000 . 99.9%
T R 1in 10,000 | 09.99%
s 1in 100,000 . 99.999%
e 1in1,000000 | 09.9999%

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



FastQC - basic statistics

@Basic Statistics @Basic Statistics
T S N
Filename good_sequence_short.txt F1lename bad sequence.txt
File type Conventional base calls File type Conventional base calls
Encoding IlTlumna 1.5 Encoding Illumina 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

Simple information about input FASTQ file: its name, type of quality score encoding,
total number of reads, read length and GC content.




@Per base sequence quality

@Per tile sequence quality

@Per sequence quality scores

@Per base sequence content

@F‘er sequence GC content

@Per base N content

@Sequence Lenagth Distribution

@Sequence Duplication Levels

@Overrepresented sequences

@Adaoter Content

L /Kmer Content

FastQC - summary

QPer base sequence quality

@Pertile sequence quality

@Per sequence quality scores

IPer base sequence content

IPer sequence GC content

@Per base N content

@Sequence Length Distribution

})Sequence Duplication Levels

IQverrepresented sequences

@Adaoter Content

KKmer Content




Per base sequence quality

@Per base sequence quality QPer base sequence quality
Quality scores across all bases (lllumina 1.5 encoding) Quality scores across all bases {lllumina 1.5 encoding)
BT OO0 T T T O00N000N0N0N 000000000000 [ 4
AT TT] I = T
g i t ar, R LA I
w M
30 28 . ] il g _—__ il
28 26 -"\\ —
26 2 // TLIMN
24 22 B L ARy
22 - il i i
20 18 L
18 e
16
i 14 e
12 poor -
10 ' 10
) 8
6 6
4 4
2 : LUCEITTTE P
® 12345678010 12 14 16 18 20 22 24 2 28 30 32 34 36 38 40 0 > 3/456 78910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Position in read (bp) / Position in read (bp)

mean quality score

inner-quartile :
range for 25t to median quality score
75t percentile '




Per tile sequence quality

@Per tile sequence quality @Per tile sequence quality

Quality per tile Quality per tile

1
12345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 12345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Position in read (bp) Position in read {bp)




Per sequence quality scores

Dper sequence quality scores Dper sequence quality scores
Quality score distribution over all sequences Quality score distribution over all sequences
Average Quality per read 60000 Average Quality per read
160000
50000
140000
120000 P
100000
30000
80000
60000 20000
40000
10000
20000
0
23456786910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 . 2 345 6 7 8 910111213141516 17 1819 20 21 22 23 24 25 26 27 28 29 30 31 32 33

Mean Sequence Quality {(Phred Score) Mean Sequence Quality (Phred Score)




Per sequence content

@Per base sequence content

100

90

80

70

60

50

40

30

20

10

Sequence content across all bases

12345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Position in read (bp)

100

90

80

70

60

50

40

30

20

10

Per base sequence content

Sequence content across all bases

12345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Position in read (bp)

% of bases called for each of the four nucleotides
at each position across all reads in the file.




sequence GC content

@Per sequence GC content

22500

20000

17500

15000

12500

10000

7500

5000

2500

0

GC distribution over all sequences

GC count per read
Tkeoretical Distribution

0246811 15 19 23 27 31 35 39 43 47 51 55 59 63 67 71 75 79 83 87 91 95 99
Mean GC content (%)

Per sequence GC content

50000

40000

30000

20000

10000

0

0246811 15 19 23

Theoretical distribution
Data distribution

GC distribution over all sequences

GC count per read
Theoretical Distribution

27 31 35 39 43 47 51 55 59 63 67 71 75 79 B3 87 981 95 99

Mean GC content (%)

Plot of the number of reads vs. GC% per read.




N content

@Per base N content @Per base N content
N content across all bases
100 100
%N

90 90
80 80
70 70
60 60
50 50
40 40
30 30
20 20
10 10
0 0

12345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Position in read (bp)

N content across all bases

%N

| PdhNEAEBN

123456782910

12

14

16

18 20 22
Position in read (bp)

24 26 28 30 32 34 36 38 40

Percent of bases at each position or bin with no base call, i1.e. ‘N".




Sequence length distribution

@Sequence Length Distribution @Sequence Length Distribution
Distribution of sequence lengths over all sequences Distribution of sequence lengths over all sequences
250000
Sequence Length Sequence Length
225000
350000
200000
300000
175000
250000
150000
125000 200000
100000
150000
75000
100000
50000
25000 50000
0 39 40 41 0 9 a0 a

Sequence Length (bp) Sequence Length (bp)




Sequence duplication level

@Sequence Duplication Levels Sequence Duplication Levels
Percent of seqgs remaining if deduplicated 94.81% Percent of segs remaining if deduplicated 69.11%
100 100
% Deduplicated sequences % Deduplicated sequences
% Total sequences % Total sequences
90 90
80 80
70 70
60 60
50 50
40 40
30 30
20 20
10 10
A | /\
0 0
1 . 3 & S 6 7 8 9 =>10 =50 =100 =500 =1k =5k =10k 1 2 3 4 S 6 7 g 9 =>=10 =50 =100 =500 =1k =5k =10k
Sequence Duplication Level Sequence Duplication Level

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

@Overrepresented sequences Woverrepresented sequences

No overrepresented sequences
Sequence Count Percentage Possible Source

AGAGTTTTATCGCTTCCATGACGCAGAAGTTAACACTTTC 2065 5224039181558763 No Hit

GATTGGCGT ATCCAACCT GCAGAGTTTTATCGCTTCCATG 2047 5178502762542754 No Hit

ATTGGCGT ATCCAACCTGCAGAGTTTTATCGCTTCCATGA 2014 .5095019327680071 No Hit

CGATAAAAAT GATTGGCGT ATCCAACCTGCAGAGTTTTAT 1913 .4839509420979134 No Hit

GTATCCAACCTGCAGAGTTTTATCGCTTCCATGACGCAGA 1879 .47534961850600066 No Hit

AAAAAT GATTGGCGT ATCCAACCT GCAGAGTTTTATCGCT 1846 .4670012750197325 No Hit

TGATTGGCGT ATCCAACCT GCAGAGTTTTATCGCTTCCAT 1841 .46573637449150995 No Hit

AACCTGCAGAGTTTTATCGCTTCCATGACGCAGAAGTTAA 1836 .46447147396328753 No Hit

GATAAAAAT GATTGGCGT ATCCAACCTGCAGAGTTTTATC 1831 .4632065734350651 No Hit

ATGATTGGCGT ATCCAACCTGCAGAGTTTTATCGCTTCCA 1779 .45005160794155147 No Hit

AATGATTGGCGT ATCCAACCTGCAGAGTTTTATCGCTTCC 1760 .4452449859343061 No Hit

AAAATGATTGGCGT ATCCAACCTGCAGAGTTTTATCGCTT 1729 .4374026026593269 No Hit

CGTATCCAACCTGCAGAGTTTTATCGCTTCCATGACGCAG 1713 .43335492096901496 No Hit

ATCCAACCTGCAGAGTTTTATCGCTTCCATGACGCAGAAG 1708 .43209002044079253 No Hit

CAGAGTTTTATCGCTTCCATGACGCAGAAGTTAACACTTT 1684 .42601849790532476 No Hit

TGCAGAGTTTTATCGCTTCCATGACGCAGAAGTTAACACT 1668 .4219708162150128 No Hit

.4219708162150128 No Hit

0.

0.

0

0

0

0

0

0

0
LAATGATT GGCGT ATCCAACCTGCAGAGTTTTATCGCTTC 1779 0.45005160794155147 No Hit

0

0

0

0

0

0

0

CAACCTGCAGAGTTTTATCGCTTCCATGACGCAGAAGTTA 1668 O

0

TATCCAACCTGCAGAGTTTTATCGCTTCCATGACGCAGAA 1630 .4123575722005221 No Hit

CGGTTCAGCAGGAAT GCCGAGAT CGGAAGAGCGGTTCAGC 599 .15153508328105078 Illumina Paired End PCR Primer 2 (96% over 25Sbp)

TCTGCAGGTTGGAT ACGCCAATCATTTTTATCGAAGCGCG 585 .1479933618020279 No Hit
CGCTTAAAGCT ACCAGTT AT AT GGCT GGGGGGTTTTTTTT 552 . 13964501831575965 No Hit
.1345854162028698 No Hit
.13028475440691342 No Hit

.12775495335046852 No Hit

CTCTGCAGGTTGGAT ACGCCAATCATTTTTATCGAAGCGC 532
CTGCGT CAT GGAAGCGAT AAAACT CTGCAGGTTGGATACG 515
CTGCAGGTTGGATACGCCAATCATTTTTATCGAAGCGCGC 505

O B EON Na RN HON K

GCTTAAAGCTACCAGTTATATGGCTGGGGGGTTTTTTTTG 411 .10397482341988626 No Hit

— List of sequences which appear more than expected in the file.
— Only the first 50bp are considered.

- 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-fag/



Adapter content

@Adapter Content @Adapter Content
% Adapter % Adapter

100 100
llumina Universal Adapter [llumnina Universal Adapter
llurina Small RNA 3 Adapter llumina Small RNA 3' Adapter

a0 [llumina Small RNA 5 Adapter 90 llumina Small RNA 5' Adapter
Nextera Transposase Sequence Nextera Transposase Sequence
SOLID Small RNA Adapter SOLID Small RNA Adapter

a0 80

70 70

60 60

30 50

40 40

0 30

0 20

10 10

¢ 1 2 3 45 6 7 8 91011 1213141516 17 18 19 20 21 22 23 24 25 26 27 28 b 1 2 3 45 6 7 8 91011 12 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28

Fositicn in read (op) Position in read {bp)

Cumulative plot of the fraction of reads where the sequence library adapter
sequence Is Identified at the indicated base position.




Kmer content

'Kmer Content Kmer Content

Log2 Obs/Exp Log2 Obs/Exp
TACATTA TAGGTCC
20 l CGAGACC
30 ’
GCCGAGT
g [ AL GAGACCG
25
15
12:9 20
10
15
)
10
5
25 5
AN/ XN
9 1 2 3 45 6 7 8 91011121314151617 1819 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 0 /\ AN /\

l1 2 3 4 5 6 7 8 91011121314151617 1819 2021 22 23 24 25 26 27 28 29 30 31 32 33 34
Position in read (bp)

Sequence Obs/Exp Max | Max Obs/Exp Position
P P Obs/Exp Max | Max Obs/Exp Position

TACATTA 0.003151852 21.2465

Position in read (bp)

TAGGTCC 1,5992917E-5 33.6211

CGAGACC 105 0.0 32.37975 29
CCGAGTG 90 0.0 31.803032 28
GCCGAGT 170 0.0 31.625078 27
GAGACCG 95 0.0 30.826315 30
CCGAGTC 30 4.3762376E-4 29.815344 28

Measures the count of each short nucleotide of length k (default = 7) starting at
each positon along the read.



Common problems with quality

24.0 Quality scores across all bases {lllumina >v1.2 encoding)

Sl L

20,00 L L L | =11

18.0 1 | -1

16.0 1 |1 TL T~

71

14.0 il TL Imi

12.0 L | I

10.0 !

8.0 T "

6.0 N 1 i
4.0 1
2.0 NN I______________________________________

0.0

1 2 5 7 9 11 12 15 17 18 21 23 25 27 29 321 33 35 37 39 41 432 45 47 49 51 532 55 57 59 61 632 65 67 €689 71 73 75
Position in read {bp)

Drop in sequence quality towards 3’end of a read




Common problems with quality

Phasing

the blocker of a nucleotide I1s not correctly removed after signal detection. In the
next cycle no new nucleotide can bind on this DNA fragment and the old
nucleotide I1s detected one more time.

From now on this DNA fragment will be 1 cycle behind the rest (out of phase),
polluting the light signal that the sequencer's camera has to read.

phasing
5’Adapter | +
I
—
- A' A‘ A’ A‘ o) ./‘\' c.
!

1 1 | 1 C C
1 ]

[
® E
HO Hcgepgi HO é
3 3
: =
= =

https://www.ecseq.com/support/ngs/why-does-the-sequence-quality-decrease-over-the-read-in-illumina
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Artefact removal: when the quality needs to be increased

If we want to accurately align as many reads as possible, we may remove unwanted /noisy
information from our data, eg:

@Ada ter Content
P ©Per sequence GC content

0000000

llllllllllllllllllllllll

0000000

0000000

0000000

0000000

0
02468 11 15 18 23 27 31 S9 63 67 71 75 79 B3 87 91 95 99
3 25 27 29 31 33 35 37 39 0
1 12345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 Mesn GC content %)

2
Position in read [{s]s)]

Poor quality bases at read ends Leftover adapter sequences Known contaminants (strings
of As/Ts, other sequences)

Today we will use Cutadapt to perform quality trimming of our sample dataset.
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Sequencing data repositories

European Nucleotide Archive
ArrayExpress

o
@R curoPEAN
I~ GENOME-PHENOME

ARCHIVE
Gene Expression Omnibus
Example data sets
Study type n Recommended submissions route(s) Data repository/ies Recommended retrieval route(s)
Array-based @ MAGE-Tab ArrayExpress ArrayExpress
mouse
genotyping
Small-scale MAGE-Tab SRA ArrayExpress
sequence-
based mouse
genotyping SRA-Webin SRA
Human EGA EGA EGA
(restricted
access)
genotyping

More about recommended data repositories: https://www.nature.com/sdata/policies/repositories
Data downloading: https://www.ebi.ac.uk/ena/browse/read-download

https://sites.psu.edu/yuka /2016 /04 /07 /how-to-use-sra-toolkit /



https://www.ebi.ac.uk/ena/browse/read-download
https://sites.psu.edu/yuka/2016/04/07/how-to-use-sra-toolkit/

Still lost?

Bioinformatics forums and

discussion groups:

Ittt M
Tt o K l"'
) B 10
tt‘g;’ ok \J l
A A 44 BIOINFORMATICS EXPLAINED

https://www.biostars.org

Package manual, GitHub

Bloconductor

OPEN SOURCE SOFTWARE FOR BIOINFORMATICS

<> Code Issues 6 Pull requests 1 Projects 0

https://support.bioconductor.org

Tools to process and analyze deep sequencing data.

python bioinformatics genomics ngs rna-seq chip-seq
CNT/™
D 3,189 commits ¥ 4 branches o5 ‘ | l ‘ l ‘T ‘ ‘ ‘ ; .V 1AW,
Branch: master ~ New pull request - :
ml bgruening and dpryan79 fixes linting issues (#837) h ttp //Seqanswers Com
B8 .azure-pipelines Azure pipelines (#804)



Let's practicel




