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Specific learning objectives
At the end of this session, you will be able to:
1. List different methods of whole genome sequencing and discuss their
advantages and disadvantages
2. Explain the bioinformatic steps needed to generate a consensus sequence

3. Interpret sequencing errors and understand how to investigate and solve
them
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This session consists of the following elements

1. Introduction of different whole genome sequencing methods
2. Step by step explanation of consensus generation
3. Learning how to spot consensus generation errors




Several different approaches can be used for &
whole genome sequencing

Illumina short reads Nanopore long reads
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What WGS technology have you
personally used before?

@ The Slido app must be installed on every computer you're presenting from slido




Comparing metagenomic sequencing to amplicon
sequencing

Four viruses

: LZ/I\I;L\//V i « Amplicon lllumina

. WNV « Amplicon Nanopore
. YFV D « Metagenomic lllumina

« Metagenomic Nanopore

Three dilutions: « Capture based lllumina

« Ct256>29>33
High Low

Nieuwenhuijse, D.F., van der Linden, A., Kohl, R.H.G. et al. Towards reliable whole genome sequencing for outbreak
preparednessand response. BMC Genomics 23,569 (2022). https://doi.org/10.1186/s12864-022-08749-5
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Other parameters to consider for the different

sequencing methods

Metagenomi Metagenomi Capture-
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Sequence method Amplicon Amplicon ¢ (o based
Platform Illumina Nanopore Illumina Nanopore Illumina
Time to result 3 days <24 hours 3 days <24 hours 8 days
Costs of the instrument* €200.000 €1.000 €200.000 €1.000 €200.000
Costs per sample €200 €50 €200 €50 €300
Virus specific PCR required Yes Yes No No No

Ct threshold for WGS Ct33 Ct29 Ct29 Ct25 Ct33

Ct threshold for detection Ct33 Ct33 Ct33 Ct33 Ct33

* Estimated costs are laboratory and/or country
dependent
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Long read (Nanopore) amplicon-based sequencing@
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scientific reports

Brief Communication | Open access = Published: 11 February 2025

Aoy AT PobL e Epidemiological and genomic evolution of the ongoing

e 5 ot oot > ariis » arice outbreak of clade Ibjmpox virus|in the eastern
Democratic Republic of the Congo

Article | Open Access | Published: 18 February 2020

Genomic monitoring to understand the emergence and Leandre Murhula Masirika &, Jean Claude Udahemuka, Leonard Schuele, David F. Nieuwenhuijse,
spread on the Netherlands, 2016-2018 Pacifique Ndishimye, Marjan Boter, Justin Bengehya Mbiribindi, Cris Kacita, Trudie Lang, Christian Gortézar,
r

Jean Pierre Musabyimana, Saria Otani, Frank M. Aarestrup, Freddy Belesi Siangoli, Bas B. Oude Munnink &

B. Bas Qude Munnink &, E. Miinger, D. F. Nieuwenhuijse, R. Kohl, A. van der Linden, C. M. E.

Marion Koopmans =)

Schapendonk, H. van der Jeugd, M. Kik, J. M. Rijks, C. B. E. M. Reusken & M. Koopmans

Scientific Reports 10, Article number: 2798 (2020) | Cite this article Nature Medicine 31, 1459-1463 (2025) | Cite this article

3136 Accesses | 18 Citations | 15 Altmetric | Metrics

D Save article

20k Accesses | 55 Citations | 225 Altmetric | Metrics
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* EU-I'OSUI'VCillaﬂCC Europe's journal on infectious disease surveillance, epidemio nature medICIne
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#A Current Archives ¥ Print Editions v  Collections ¥  About Us ¥  Editorial Policies v Explore content Aboutithe journal Publishwithus

Home ' Eurosurveillance = Volume 25, Issue 40, 08/0ct/2020 « Article a1 .
nature > nature medicine > letters > article

Rapid communication &= Open Access

Detection oin a common whitethroat Letter | Published: 16 July 2020

C ] d Cul i in th [BDownload H i
Netheriano, 2000, v ML 1068 the Rapid[SARS-CoV-2jwhole-genome sequencing and
analysis for informed public health decision-making in
the Netherlands

Bas B. Oude Munnink, David F. Nieuwenhuijse, ... The Dutch-Covid-19 response team

© View Affiliations

View Citation
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Each new virus needs another specifically &8
developed primer set =5t

C 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35
Pool 1
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Pool 2
5UTRC Pr M Env NS1 NS2A NS2B NS3 NS4A 2K NS4B NS5 3UTR

. Design SpeCiﬁC Zika virus
amplicon primers N S S . R

* PCR reaction using two | i | i | | i | | | , ,
separate pr‘|mer pools Pool 1 M—M—“W

5'UTR nsP1 nsP2 nsP3 nsP4 (o} E3 E2 6K E1 3'UTR

Chikungunya virus

Quick, J., Grubaugh, N., Pullan, S. et al. Multiplex PCR method for MinlON and Illumina sequencing of
Zika and other virus genomes directly from clinical samples. Nat Protoc 12, 1261-1276 (2017).
https://doi.org/10.1038/nprot.2017.066
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Barcode ligation, pooling and sequencing S

High molecular weight gDNA
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Bioinformatics: Generating a consensus sequence

o kA W=

Demultiplexing

Data Quality Control
Primer trimming

Read mapping
Variant calling
Consensus generation

Classified as ECDC NORMAL



Demultiplexing raw reads

Library
fragments

Barcodes —

d 004411
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Library
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Amplicon primer trimming ecoc

b

ERROR

4431t0 4606 (176b

Nanopore long reads

=
\ /4
Primers Edge of the
amplicon

Primer location

Classified as ECDC NORMAL




What causes these errors? S8

Primer induced variant
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Trimming primer completely removes SNP ~.
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Minimap2: read mapping @ C
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* High error rate
* Many random SNPs
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Major vs minor variants

Variant calling can be complicated with Nanopore errors

Easy to call variants:

Major
| | ]
| | ] )
| ] >95% alternative
: : nucleotide
| ]
Minor
|
|
: <<50% alternative
| : nucleotide

Ensure you have enough coverage (30x)

Classified as ECDC NORMAL
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Complex to call variants:

Minor (ambiguous)

Maijor (non-error)

~50% alternative
nucleotide

~33% alternative
nucleotide
~66% error



Homopolymer errors ecoc

Homopolymer

barcode01_consensus_30x
barcode02_consensus_30x
barcode03_consensus_30x
barcode04_consensus_30x
barcode05_consensus_30x
barcode0&_consensus_30x
barcode07_consensus_30x
barcode08_ronsensus_30x
barcode0d_consensus_30x
barcode10_consensus_30x
barcode1l_consensus_30x
barcode12_consensus_30x
barcode 13_consensus_30x
barcode14_consensus_30x
barcode15_consensus_30x
barcode 16_consensus_30x
barcode17_consensus_30x
barcode18_consensus_30x
barcode19_consensus_30x
barcode20_consensus_30x
barcode21_ronsensus_30x
barcode22_consensus_30x
barcode23_consensus_30x
barcode25_consensus_30x
barcode26_consensus_30x
barcode2s_consensus_30x
barcode31_consensus_30x
barcode33_consensus_30x
barcode34_consensus_30x
barcode35_consensus_30x
barcode37_consensus_30x
barcode38_consensus_30x
barcode39_consensus_30x
barcode40_consensus_30x
barcode41_consensus_30x
barcode42_consensus_30x -1
barcode45_consensus_30x
barcode46 consensus 30x
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bmrzpotymer : ’ e ‘ Result in multiple sequence alignment
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Which of these consensus
generation issues were you
aware of?

@ The Slido app must be installed on every computer you're presenting from slido




Consensus generation &gﬁc

« Incorporate major consensus SNPs, insertions, and deletions
« Mask low coverage regions (below 30x) with "N”
« Manually curate (homopolymer) errors
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