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DNA sequencing recap — lllumina technology

Paired-end (PE) lllumina data
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Sequencing quality scores measure the probability that a base is
called incorrectly

Base calls are made directly from signal intensity measurements
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Sequencing technologies are not perfect and do produce errors

QC ensures that the data used for downstream analysis does not contain
(too many) errors and poor quality sequences




The lllumina output are FASTQ files

Sequence read name 1 and 2 refer to the forward

reverse (PE) read Read sequence (base calls)

Sequence quality. One character per base

e OO
@MP0435:6:000000000-A23K2:1:1101:16705:14
TTTCAGCATCGATGAATAATCTCCTAACTCTGAGTTCAGGGG

M LFI5006_S7_L001_R1_QQdfastq

:0:7

ATCGTAATC CAAATCTTTCATAAAAACAAAGC CCTCATCCATCACATCGATAATATTATTGACTGACAATAAATAACGCTC TGCTAAGCCAT

@MP0435:6:000000000-A23K2:1:1101:15725:1441 1:N:0:7
CGCQTTGCAATAACTAAGCTGCTTITATACTGCTCTTGCAATGGTTTTAGACGGCGAGCGTAATCTAACGC Seq uence /q u a|ity |ine se parator

@M00435:6:000000000-A23K2:1:1101:17134:1445 1:N:0:7
CTACAGACTATTCATAATTTCGCAACGGTAAGTTGCAAAAGAGCAAGTAAACGACGATCAGGTAAACACATATTTACTTAAGTATAATAGTGATCAACTTCTCACTTCAATACCCAAACAAAAACTTAACTGTTCAAAAACTAAGATTACA
+

@M00435:6:000000000-A23K2:1:1101:16665:1448 1:N:0:7
GTGTTACAGTTATATTGATATTGCCTAAGGTCTTTTTATATTCAGTAATCCACTCAGCTTTATTATCAGCTGCTTGCTTTAATTCCAAGCGGCGTAGCTCTGAACGTGTTAGTGGTTTTGCGTCAGACTCTGATTTAGTTAAACCAATGG
+

@M00435:6:000000000-A23K2:1:1101:16771:1451 1:N:0:7
GGACAACGTAACAGCCAATGTCATGGTGGCGGATGGGCAACGTAATATTATTTATATGAATGAGTCGGTTGATAAATTACTTAAAAATGCTGAAAAAGATTTCAAAAAAGAGCTACCCGACTTTAATGTAGACAATTTACTCGGCTCAAGT
+

@MP0435:6:0000000P0-A23K2:1:1101:16128: 1456 1:N:0:7
AATGTATACTTCAGATAATATTCAATTAATTGGCAATAGGGAAGAGACAAAAACTCGTACCGGTCTTCAGATCGAAGAGGGAAATGAGCAGATTAAATTACACGATAATCTTGTTTTCCATCATGAAAAGAAAAAGTGTAGCCGCAACCTT
+
55=55<77@<AGEG-GREEEEEC>C8>CCEB99-8-A-0A=, -7 JAEEEDEDDEE@RF 7>@++7>5+5A--5@C-5>C++5C@E+B8A====-5AAE-C=, , , 6=, <) ++4++4+6=++66=: +4++++4+++1x3 1@ k%2 ) ) ) 2% 0%
@MP0435:6:000000PRO-A23K2:1:1101:17464: 1467 1:N:0:7
CAATTAATACTTTTAATCGTACGGGTTGATAACGATTGCGACGATACAGCAGAAACAGCGGTACATTCGGTGAGTGCCATTGTTCTTCATGCGATGCTGATATTAAAGCAGGGGCTAAGGTATTTTCCTTAATCTCAGTGTCGCATTACAG
+

@MD0435:6:000000000-A23K2:1:1101:16930: 1468 1:N:0:7
ATCTGAACCAACTGTAGATAGGTTACCCGAGATACCACTTACTTTTTGATACTCAGGTAATTTAGGGTCTAGTCCTGCTGCAAATGCGCTTTGTGAAGCGATTGCTGTCATTGATATCCCTAATGCTACAACAATTTGTTTAATATTCATT

+




A range of sequence quality scores depending on technology
and the base caller

Most modern sequencing machine, such as MiSeq use lllumina 1.8+

33 59 64 73 104 126
Dcccccsccnscnsccncsnsnanns 26...3lceccceene 40
_500000 ........ 9 ............................. 40
Oceccnane 9iccecocsacsasacscsscsnsacnnsne 40
0c2.ccecccccnsccnccnsnanns 26...3l.eccccnen 41
S - Sanger Phred+33, raw reads typically (0, 40)
X - Solexa Solexa+64, raw reads typically (-5, 40)
I -

Illumina 1.3+ Phred+64, raw reads typically (0, 40)

Illumina 1.8+ Phred+33, raw reads typically (0, 41)
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Q30 is considered a benchmark for sequence quality in next-
generation sequencing

A quality score of 99,9% (Q30) will have an incorrect base call probability
of 1in 1000

Relationship Between Sequencing Quality Score and Base Call Accuracy:

Quality Score Probability of Incorrect Base Call Inferred Base Call Accuracy

10 (Q10) 1in 10 90%
20 (Q20) 1in 100 99%

30 (Q30) 1in 1000 99.9%



When performing Quality Control (QC) you generate a general
summary of the input data

The range of quality values across all bases at each position in the FastQ
file

Quality scores across all bases (Sanger f lllumina 1.9 encoding)

Measure Value . mﬁImﬁmﬁ T
Filename CAV3 S1 L001 Rl 001.fastqg.gz - I
File type Conventional base calls | The blue line represents the mean qualit
Encoding Sanger / Illumina 1.9 -

Total Sequences 2172538 16

Yellow box = the inter-quartile range (25-75%)
Filtered Sequences 0 . I
Sequence length 35-301 :

The upper and lower whiskers represent the 10% and 90% points

0

$GC 41

1 2 3 4 5 6 7 8 9 15-19 25-29 35-39 45-49 60-69 80-89 100-149 250-299



Low quality sequences can cause problems during downstream

analysis

Analysing K-mer content may identify artefacts in sequence reads, eqg.
multiplex identifiers, adapters, and primer sequences
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Identification of sequence duplication since ideally, no reads
should not start at the same position and have the same errors

Most likely to indicate some kind of enrichment bias

E.g. duplications can arise during library preparation if there are too few
fragments to PCR
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Ambiguous bases (Ns) arises when a sequencer is unable to
make a base call with sufficient confidence

A high number of Ns can be a sign for a low quality sequence and can cause
problems during downstream analysis
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Popular QC tools

FastQC Trimmomatic Prinseq Kraken
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Why is it important to perform QC and filtering/trimming?

Data analysis also costs money and time

Filter data Trim data

Y

© Can Stock Photo - csp34642023 https://www.dreamstime.com/stock-illustration-man-trimming-bush-garden-tmage64030511



We trim the start and end of reads to remove poor quality data
or adapter sequences

If the DNA fragment is shorter than the read length, the sequence reaction
will go through the read and into the adapter

A s N .h &. 'r"ll |
I $ Adapter IRy
g ' I Insert LMK z."'.{lu -
- :"‘Y#‘*"f\ "1 l'v Y\
Read 1 " {II "" Il" | “|.‘|
Read 1 Adapter Read 2 Adapter ol ,,’:.-" ‘f," |
o EE—1 - ) e | ; ol || "ﬂ‘ .
3 '5 l‘ H 'u' .‘. g v |
3 < 40 I ' | J," |~"
Read 2 0 J ‘ jg‘ 18
B | [ 7L
o 4V = 4_;/ £,
Read 1 Adapter Read 1 Read 2 Adapter , (e LI
'5 ’ . 3 Posation in read (bp)
|E———| hi—————u]
‘3 5

o+
Read 2



We filter reads to remove poor quality data

Common to set quality thresholds and remove all reads that does no comply
Eg. remove all reads with a lower average Q score than 20, or reads with more than 5 Ns

(Sanger § llumina 1.9 encoding)
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For example: For example:
Remove all reads with a lower I 1 Remove all reads with
average Q score than 20 24 = —- more than 5 Ns
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Popular trimming tools

Many tools available — here are some :

Trimmomatic

CutAdapt Trimmomatic: Surviving Reads
AlienTrimmer
Sickle

Trim Galore
Sycthe
Prinseq

bacteria_R1

0 100k 200k 300k 400k 500k 600k 700k
# Reads

@ Surviving Reads @ Forward Only Surviving @ Reverse Only Surviving @ Dropped



It is important to remove sequence contaminations as early as
possible

There can be many sources of contamination in the final sequence library

For example:
PhiX sequences from
the sequencing kit

For example:
Metagenomic samples may
often contain host DNA

http://losnuevosguerreros.org



Popular decontamination tools

Removal of host contamination:

Fastq Screen

DeconSeq

CS-SCORE 100 good_sequence_screen

VecScreen

% Mapped

-

1 1 1 1 1 1 !
Human Mowse Rat Ecoli Yeast PhiX Adapters Vectors Wasp rRNA No hits

M One hit\one library M Multiple hits\one library M One hit\multiple libraries M Multiple hits\multiple libraries

https://www.bioinformatics.babraham.ac.uk/projects/fastq_screen/



Some other typical pre-assembly steps

Merge overlapping paired-end reads - BBmerge
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