
PCR tiling of SARS-CoV-2 virus
This SARS-CoV-2 whole-genome sequencing workflow is based on the 400 bp PCR tiling protocol 
and analysis methods devised by the ARTIC Network1. The full protocol is available on the Nanopore 
Community at community.nanoporetech.com. 

Samples: RNA extracted from SARS-CoV-2 positive nasopharyngeal swabs
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Prepare
Use total RNA extracted samples that have been screened by a suitable  
SARS-CoV-2 detection assay 

Reverse transcribe RNA
Reverse transcribe RNA with random hexamers to generate cDNA for amplification.  
A negative control sample (nuclease-free water) should be included in this step and 
carried through to sequencing to identify cross-contamination events. A standard curve 
of positive controls is also recommended

Amplify samples
Use primers designed by the ARTIC Network to generate tiled 400 bp amplicons  
(with 20 bp overlaps) across the whole SARS-CoV-2 genome
Primer sequences are available on GitHub2 and can be ordered from IDT
Two amplification reactions are performed per sample using Primer pool A and Primer 
pool B, with each pool comprising 98 primers

Clean up and quantify
Combine Primer pool A and Primer pool B amplification products for each individual 
sample and clean up using AMPure XP beads (Beckman Coulter)
Quantify each sample using a fluorometer (e.g. Qubit, Thermo Fisher)

Prepare barcoded sequencing libraries
End-repair and dA-tail the amplified cDNA samples using NEBNext Ultra II End Repair / 
dA-Tailing Module (New England BioLabs)
Use the Ligation Sequencing Kit and Native Barcoding Expansion pack to prepare up  
to 96 samples for sequencing in a single run
Ligate a different native barcode to each sample to be sequenced in multiplex, then  
heat-inactivate the ligase
Pool barcoded samples, perform a single SPRI clean using AMPure XP beads, and 
quantify eluate using a fluorometer

Ligate sequencing adapters 
Ligate sequencing adapters to the pooled barcoded samples
Clean up the sample using AMPure XP beads
Quantify the sample using a fluorometer
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For more information about rapid, real-time sequencing and analysis of SARS-CoV-2, visit www.nanoporetech.com

Kits & devices

Library preparation

Sequencing

Ligation Sequencing Kit (SQK-LSK109)
Native Barcoding Expansion: 1-12 (EXP-NBD104) or 13-24 (EXP-NBD114)  
or 96 (EXP-NBD196)

MinION Mk1B, MinION Mk1C, or GridION 
+ MinION R9.4.1 or R10.3 flow cells 
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Sequence
Sequence samples in multiplex on one flow cell (R9.4.1 or R10.3) using  
a MinION™ Mk1B, MinION Mk1C, or GridION™ device

Basecall and demultiplex reads in real time
Perform basecalling and demultiplexing of reads using MinKNOW™ or guppy

Monitor coverage in real time
Use RAMPART software3 to view depth of coverage for each amplicon in each sample  
to ensure sufficient reads generated across the genome prior to genome assembly and 
variant calling

Generate consensus genomes and call variants
Use FieldBioinformatics tools4 to map reads to a reference genome, generate  
consensus genomes, and call single nucleotide variants
View and verify consensus sequence using a genome browser (e.g. IGV5)
FieldBioinformatics tools is also available within our EPI2ME Labs SARS-CoV-2 analysis 
pipeline, which provides intuitive access to best practice analysis workflows. Find out 
more at https://labs.epi2me.io

Upload sequence to public database (e.g. GISAID6, Nextstrain7)
Global data sharing is vital to inform outbreak management and support research into 
SARS-CoV-2. Nextstrain provides a public database of pathogen sequence data and 
Nextclade analysis tools, offering strain classification and phylogenic tree visualisation
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