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SARS-COV-2 SEQUENCING
3 STEPS

Wet lab

1. Criteria
2. Tools
3. GISAID
4. Indications 

https://nextstrain.org/ncov/

https://www.gisaid.org/

Validation

RNA extraction 

and 

amplification

Dry lab



METAGENOMICS-NGS



METAGENOMICS-NGS

Extraction DNase
cDNA

Amplification 
(WTA)

Lib prep
(Nextera XT / 

DNA prep)

Illumina  
Sequencing

Bal et al.,  BMC Inf Dis, 2018

Universal method for viral 
detection and whole genome  

sequencing

Detection of known and 
unknown viruses

February 2020

Influenza A &B, AdV, CMV, HHV-6, EBV, HBoV, 
HRV, RSV, PIV, MPV, CoV, Enterovirus,
Measles, SARS-CoV-2



● Non-targeted method adapted for 
new emerging variant detection 

● Low sensitivity: Ct<20

● Expensive

● Low throughput

● Time-consuming process

PROS AND CONS FOR mNGS
REFERENCE METHOD

Charre, Virus Evol, 2020



AMPLICON-BASED APPROACHE



AMPLICON-BASED APPROACHE

3) Lib preparation
• Illumina :  DNA Prep/ Nextera XT , 

Tagmentation of reads
• ONT: sequencing of 400nt amplicons

ARTIC V3, 98 AMPLICONS ~400 BP

1) RNA 
extraction 
96-Well 
plate 

4) Illumina / ONT Sequencing

2) cDNA 
synthesis and 
amplification



● COVID-Seq (Illumina) 

● QIAseq SARS-CoV2 + FX DNA Lib Prep (Qiagen)

● NEBNext® ARTIC SARS-CoV-2 Companion Kit

● Wellcome Sanger Institute 

AMPLICON PROTOCOLS DERIVED FROM ARTIC 
COMMERCIAL OR IN-HOUSE PROTOCOLS 



● Sensitivity

● Cost-effective

● High throughput

● Short-time process

● Impacted by little 
genome variations 
(SNPs or indels)

PROS AND CONS FOR AMPLICONS APPROACHES

Charre, Virus Evol, 2020
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Base call 
files 

Demultiplexing

→ Fastq

QC and 
Trimming

Alignment Variant 
Calling

Consensus
building

→ Fasta

BIOINFORMATICS
FROM RAW DATA TO THE CONSENSUS SEQUENCE: ILLUMINA SEQUENCING

Read filtering based on:
-quality
-length

Remaining 
reads are 

aligned to the 
reference 
sequence

Detecting variants in 
the aligned reads 
compared to the 

reference 

Reconstruct concensus
sequence with retained 

variants, minimum depth of 
coverage: 10X



BIOINFORMATICS
OPEN SOURCE AND COMMERCIAL SOLUTIONS

For Illumina users…

« SEQMET », our « in house » pipeline freely available here:
https://github.com/jossetlab/seqmet

But see also the the Illumina’s cloud solution « DRAGEN »

Illumina can provide online data analysis without bioinformatic skills
https://basespace.illumina.com/

… and ONT adepts
We haven’t pipeline dedicated to ONT data analysis

Several analysis workflows are proposed by ONT

https://labs.epi2me.io/ provide a large analysis panel 
(and tutorials) to process online your data

https://github.com/jossetlab/seqmet
https://basespace.illumina.com/
https://labs.epi2me.io/
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VALIDATION CRITERIA



● 3 No-Template-Controls (NTC)  per 96-well plate 

● Nuclease free-water processed through the whole workflow

(including extraction step) 

VALIDATION  CRITERIA
NEGATIVE CONTROLS - CONTAMINATION

SARS-CoV-2 genome coverage for NTCs < 5%  



● Viral isolate belonging to 20A clade 

● Known mutations 

● One positive control / 96-well plate

VALIDATION  CRITERIA
POSITIVE CONTROL

Viral genome coverage for positive control > 90% 



● Minimal depth of coverage / base for consensus sequence 
generation: 10X for Illumina sequencing

● Otherwise : N

VALIDATION  CRITERIA
COVERAGE

The sequence is validated if the genome coverage is > 90 % with a 
mean depth of coverage > 200X



● Divergence (number of mutations): QC nextclade

● Frameshift mutation: CoV-GLUE / QC nextclade

● New mutations: CoV-GLUE

● Atypical set of mutation

● Molecular epidemiology (Clade not circulating in a given area)

Repeat 
extraction 
+/- mNGS

VALIDATION  CRITERIA
NUMBER AND TYPE OF MUTATIONS 



TOOLS FOR QUALITY CONTROL



NEXTCLADE
HTTPS://CLADES.NEXTSTRAIN.ORG/

https://clades.nextstrain.org/


NEXTCLADE



● Listing of known substitutions, insertions and deletions 

COV-GLUE
HTTP://COV-GLUE.CVR.GLA.AC.UK/

http://cov-glue.cvr.gla.ac.uk/


● Genome visualisation tool

COV-GLUE
HTTP://COV-GLUE.CVR.GLA.AC.UK/

http://cov-glue.cvr.gla.ac.uk/


PANGOLIN
HTTPS://PANGOLIN.COG-UK.IO/

https://pangolin.cog-uk.io/


GISAID



GISAID
CREATING AN ACCOUNT



GISAID
SUBMISSION OF SEQUENCES: BATCH OR PER SEQUENCE 



GISAID
FASTA FILE (SEQ CONSENSUS) + EXCEL FILE (METADA)



GISAID
EXCEL FILE (METADA) =  MANDATORY 



GISAID: VIRUS NAME FOR GIHSN SEQUENCES

hCoV-19/Ukraine/GIHSN-021073674801/2021
Example

How can I find my sequence and the accession number?



GISAID: VIRUS NAME FOR GIHSN SEQUENCES

How can I find my sequence and the accession number?



GISAID: VIRUS NAME FOR GIHSN SEQUENCES

How can I find my sequence and the accession number?



STORAGE / SHIPMENT 



● RNA stored at -80°C until shipment 

● Ct<28, 50 µl min

● Metadata excel file for GISAID Submission and recording : mandatory

STORAGE / SHIPMENT TO OUR LAB



• Shipment organized by world courrier
• File need to be completed and send to World courrier

• They will take in charge the shipment :

• Provide the boxes

• Provide the dry ice

HCL SAMPLES PROCESSED :
• LEBANON: RNA – 200 SAMPLES SENT – SEQUENCING OK 

• UKRAINE : RNA – 43 SAMPLES SENT – SEQUENCING IN PROGRESS 

STORAGE / SHIPMENT



SARS-COV-2 SEQUENCING INDICATIONS 



SARS-COV-2 SEQUENCING INDICATIONS 

● Genomic surveillance: detect and monitor new variant of concern

● Cluster investigation

● Targeted sequencing of SARS-CoV-2 cases from special settings or 

populations

• Vaccine breakthrough infections (COVID-IVAC Study) and reinfections

• Immunocompromised patients : detecting new variant and treatment 

monitoring 



● Long +/- manual process = potential errors at all steps

● Validation criteria must be respected

● Need to be critical: re-sequence + possible control by mNGS

● Sharing of sequences on GISAID (date + location) 

● Random genomic surveillance / targeted sequencing 

● Quality of sequencing (wet, dry, validation) = crucial for analysis 
and interpretation 

CONCLUSION :
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