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Aim and learning objectives

Aim
Familiarize yourself with whole genome sequence analysis and data 
interpretation

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



Outline

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



Classified as ECDC NORMAL 

Several different approaches can be used for 
whole genome sequencing

Unavailable for 
Nanopore

Amplicon

Agnostic 
(Metagenomic)

Capture based

Illumina short reads Nanopore long reads

Primers

Random 
amplification

Random 
amplification + 
capture probes
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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



Classified as ECDC NORMAL 

Comparing metagenomic sequencing to amplicon 
sequencing

Four viruses
• ZIKV
• USUV
• WNV
• YFV

Three dilutions:
• Ct 25 > 29 > 33

High Low

• Amplicon Illumina
• Amplicon Nanopore
• Metagenomic Illumina
• Metagenomic Nanopore
• Capture based Illumina 

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



Classified as ECDC NORMAL 

Most strategies lead to almost complete genome 
coverage above



Classified as ECDC NORMAL 

Other parameters to consider for the different 
sequencing methods

Capture-
based

Metagenomi
c

Metagenomi
cAmpliconAmpliconSequence method

IlluminaNanoporeIlluminaNanoporeIlluminaPlatform

8 days<24 hours3 days<24 hours3 daysTime to result

€200.000€1.000€200.000€1.000€200.000Costs of the instrument*

€300€50€200€50€200Costs per sample

NoNoNoYesYesVirus specific PCR required

Ct33Ct25Ct29Ct29Ct33Ct threshold for WGS

Ct33Ct33Ct33Ct33Ct33Ct threshold for detection

* Estimated costs are laboratory and/or country 
dependent



Classified as ECDC NORMAL 

Long read (Nanopore) amplicon-based sequencing



Classified as ECDC NORMAL 

Each new virus needs another specifically
developed primer set

Quick, J., Grubaugh, N., Pullan, S. et al. Multiplex PCR method for MinION 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

• Design specific 
amplicon primers

• PCR reaction using two 
separate primer pools



Classified as ECDC NORMAL 

Barcode ligation, pooling and sequencing

 Possibility to multiplex 96 
samples on a flowcell

 Takes around 1 full day in 
the lab due to wash steps 
and Qubit measurements



Classified as ECDC NORMAL 

Bioinformatics: Generating a consensus sequence

1. Demultiplexing

2. Data Quality Control

3. Primer trimming

4. Read mapping

5. Variant calling

6. Consensus generation



Classified as ECDC NORMAL 

Demultiplexing raw reads

Primers

BC01

BC02

BC03

Demultiplex

Library 
fragments

Sequence 
reads

Barcodes

Library 
loading



Classified as ECDC NORMAL 

Amplicon primer trimming

Nanopore long reads

Primers

Primer location

ERROR

Edge of the 
amplicon



Classified as ECDC NORMAL 

What causes these errors?

1. Primer SNP in stead of 
actual sequence

2. Primer sequence in stead 
of SNP

Primer induced variant

Primer masked variant

Low coverage 
amplicon

High coverage 
amplicon

Low coverage 
amplicon

High coverage 
amplicon



Classified as ECDC NORMAL 

Trimming primer completely removes SNP

Nanopore long reads

Primers

Primer location (Trimmed)

Edge of the 
amplicon



Classified as ECDC NORMAL 

Minimap2: read mapping

• Map reads against close 
reference

• Nanopore: 
• High error rate
• Many random SNPs
• Many small deletions



Classified as ECDC NORMAL 

Variant calling

Nanopore sequencing data Illumina sequencing data



Classified as ECDC NORMAL 

Major vs minor variants

Variant calling can be complicated with Nanopore errors

>95% alternative 
nucleotide

<<50% alternative 
nucleotide

~33% alternative 
nucleotide
~66% error

~50% alternative 
nucleotide

Major

Minor

Minor (ambiguous)

Major (non-error)

Easy to call variants: Complex to call variants:

Ensure you have enough coverage (30x)



Classified as ECDC NORMAL 

Homopolymer errors

Homopolymer

Homopolymer 
deletion errors

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



Classified as ECDC NORMAL 

Consensus generation

• Incorporate major consensus SNPs, insertions, and deletions

• Mask low coverage regions (below 30x) with “N”

• Manually curate (homopolymer) errors


