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Aims
In this tutorial:
• guidelines and pointers for handling SARS-CoV-2 genome 

sequencing data
• links to useful tools and methods
• an overview (yet incomplete) of the main issues/problems
• a brief intro to genome data quality check
• a (hopefully) useful session of Q&A

This tutorial does not cover
• guidelines and methods for handling any other type of COVID-19 

data



From data to action in infectious disease



What we do

As ELIXIR-IT we are engaged in several activities and projects to
1. Make COVID-19 data FAIR
2. Develop/port services and tools for COVID-19 data analysis
3. Engage with stakeholders and colleagues

The COVID-19 data portal is the main one stop shop to check out the 
state of the art, or contribute to any of the above



European Federated COVID-19 Data Platform

EMBL-EBI European Research Infrastructures

International initiativesNational Infrastructures

COVID-19 
Research



A one stop shop for COVID-19 data: the COVID-19 
data-portal

• Unprecedented amounts of data were 
produced during the COVID-19 pandemic

• Making this data available and accessible is a 
fundamental prerequisite to advance our 
knowledge

• The EU has launched and international 
initiative to pro promote best practices for 
data sharing and curation: COVID-19 data 
portal

• We currently run the Italian instance



https://www.covid19dataportal.it/



Institutions (credits)



Why do we need a data portal in Italy (everywhere)

• Clinical research coordinated within 
region/institution

• Lack of national research facilities
 

• Limited Open Science, DM/DS 
practices awareness 

• Inefficient efforts duplications 

• Lack of dedicated funding 

Research coordination issues within the Country 

• Stimulate coordination between 
institutions

• Increase best practice 
implementation
 

• Rise Open Science, DM/DS practices 
awareness 

• Increase use of national available 
resources 

• Support joint grant applications 

Better coordination 



Data portal: how to contribute: LINK

https://www.covid19dataportal.it/support_feedback/


Why do we need SARS-CoV-2 genomes?

● Genomic surveillance: to find and track 
viral variants

● To compare data in space and time

● Identify dangerous variants

● More than 7.5M genome sequences form 
Jan 2020

These data are fundamental to fight 
COVID-19



Monitoring SARS-Cov-2 genome evolution

• At the end of March 2021 a novel allele variant of the 
spike protein (D614G) became highly prevalent 
worldwide. In different “geographic” areas. 

• Korber et al. (Cell, 2020): Viruses carrying this allele 
variant have an increased capacity to infect cell lines 
(2x to 9x) 

• All current variants of SARS-CoV-2 do now carry this 
mutation

• Novel variants of the virus emerge by “selecting” 
advantageous mutations

In 2021 D614G prevalently observed outside China, although analyses of genomes sequenced 
in January/February suggest that this variant originated in China. But not in Wuhan! 

Korber et al, Cell 2020



Variant “hunting” starts with genomics
Different tools/methods to name/track 
variants

Pango. Rambaut et al

Nextstrain. Hadfield et al

HaploCoV. Chiara et al

13

• Normally a single mutation does not significantly 
change the property of a virus 

• To identify and track novel variants of the virus 
we need to observe and track “combinations” of 
mutations

• i.e. Do viruses that have specific combinations in 
their genome get better?

We need computational tools for this task: we 
currently have thousands of variants of SARS-CoV-2 
(>1.5K). Only a few are considered dangerous



How do WE Identify “dangerous” variants?

● International health Authorities define/identify novel variants based on 
epidemiological data (retrospectively)

● 3 (4 main classes)

○ VOC: significant impact on transmissibility, severity and/or immunity. (total 5, 
currently 4)

○ VOI: potential impact on transmissibility, severity and/or immunity (based on 
genomic, not epidemiological data. (total 5, currently 3)

○ VUM: weak evidence of a potential epidemiological impact (monitored since 
they could potentially evolve into more dangerous variants). Total 27, currently 
9

● Others: the majority of the currently known variant. No advantage compared to the 
“Wuhan” strain of the virus. More than 1500 “variants”



Mu
ta
ti

on
s

How do WE Identify “dangerous” variants?

• Dangerous variants have an advantage over other variants, hence they spread more rapidly

• This happened repeatedly for the 5* current variants of concern (VOC)

• Right now we can only “spot” dangerous variants retrospectively: i.e track the variant, see what happens

• Advantage, 3 VOCs (Alpha, Delta and Omicron) account for more than 60% of the total number of 
genome sequences 



How do we identify dangerous variants
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In Italy, different lineages prevalent during different “waves”

From:
https://outbreak.info/



Tracking SARS-CoV-2 variants: WHO

LINK

https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/


Where do SARS-CoV-2 genomes come from?

From: 
https://doi.org/10.1016/j.isci.2021.102892

● People who got 
COVID-19 (mostly)

● RNAs extracted from 
swabs are sequenced 
with different methods

● A plethora of protocols 
do exist!

https://doi.org/10.1016/j.isci.2021.102892


The hollow truth

● Bioinformatics and lab 
protocols can be 
complex!

● Sometimes need to 
tailor adjust things for 
specific protocols!

● If you want “FAIR” data 
you need to keep  track 
of everything you do

● Which is a remarkable 
effort



How do we get SARS-CoV-2 genomes

Amplicon (PCR) Hybrid capture Shotgun(meta)

● Reference genome 
not strictly needed

● Not affected by 
variation

● de-novo assembly 
possible

● Contaminant 
sequences (human?)

● Need reference 
genome (bias)

● Robust to variation
● Reference guided
● Contaminant 

sequences?

● Need reference 
genome (bias)

● PCR drop-out
● Reference guided
● Little or no 

“contamination”

$$ $$$ $$$$



Bioinformatics analyses

● Need to remove 
human contaminants

● Uniform coverage
● Co-infections

● Minimum coverage
● Co-infections?

● Carefully check 
primers

● Minimum coverage?
● Co-infections?

Amplicon (PCR) Hybrid capture Shotgun(meta)

$$ $$$ $$$$

Different sequencing methods require different workflows:
● Bioinformatics required to get the “final” consensus sequence



▶ Bioinformatics analysis is an 
integral part of SARS-CoV-2 
genomics
▶ Can introduce errors/biases
▶ Need to be reproducible

▶ If/when possible it would be highly 
advisable to
▶ 1 check results carefully
▶ 2 use high quality, reproducible 

workflows
▶ Or Alternatively, to publish 

yours somewhere

https://workflowhub.eu/ 

https://workflowhub.eu/


For more information: https://pubmed.ncbi.nlm.nih.gov/32790776/ 

Galaxy COVID-19   
Step by step

https://pubmed.ncbi.nlm.nih.gov/32790776/
https://galaxyproject.org/projects/covid19/workflows/#workflows-for-discovery-of-sequence-variants
https://training.galaxyproject.org/training-material/topics/variant-analysis/tutorials/sars-cov-2-variant-discovery/tutorial.html


Galaxy COVID-19   

https://galaxyproject.org/projects/covid19/workflows/#workflows-for-discovery-of-sequence-variants


Galaxy COVID-19   

https://galaxyproject.org/projects/covid19/workflows/#workflows-for-discovery-of-sequence-variants




Where can I publish my WFs?



https://workflowhub.eu/ 

https://workflowhub.eu/


What do I get in the end?

▶ A (consensus) genome 
sequence

▶ In fasta format

▶ Data stewards: make the 
sequence data, and 
metadata available to the 
scientific community*

*  in accordance with GDPR/ELSI



Where to submit genome data?

INSDC GISAID

● Open access
● Handle different data types 

○ raw sequencing data
● Embargo: can set a release date
● Multi-purpose: can link with other data

○ i.e from the host

● Restricted access
● Only viral  data
● Only consensus genomes
● No embargo







Where are genome data submitted?

INSDC GISAID

● ~ 4M viral sequences ● ~ 8M viral sequences

Why?



Data flow, GDPR and issues
The following data/metadata are considered sensitive personal data  in 
Italy*

Date test taken
Place test taken
Age
Sex
Disease severity
Comorbidities

*But not by all of the 20 administrative regions **
** and different DPOs provide different indications in the 
same regions

So controlled access seems a more viable option

Collection date -> seq date 
Place test taken -> address seq center
Age -> only 65% of the samples
Sex -> only 78% of the samples
Disease severity -> 12% of the samples
Comorbidities -> less than 1%



ENA/INDSC: data model

Metadata model ENA: LINK

Structured, hierarchical
● Study
● Sample
● Experiment
● Run
● Submission

Average time submission to 
release:
● ~2 days
● can set release date (embargo)
● can link to external resources

https://ena-docs.readthedocs.io/en/latest/submit/general-guide/metadata.html


ENA metadata model

▶ Study:  groups together data submitted to the archive and 
controls its release date.

▶ Sample:  contains information about the sequenced source 
material.

▶ Experiment: sequencing experiment, library and instrument 
details.

▶ Run: data files containing sequence reads 
▶ Submission: contains submission actions to be performed by 

the archive. A submission can add more objects to the archive, 
update already submitted objects or make objects publicly 
available.



ENA metadata, samples (ERC000033)

LINK

https://www.ebi.ac.uk/ena/browser/view/ERC000033


GISAID: data model

Bulk submission: large spreadsheet
● with some mandatory fields

○ vocabulary is limited, not 
controlled

● metadata are limited. 
● No “ancillary” data

Time from submission to release
● ~1 dd
● release date can not be set
● can not (easily) link to external 

resources

https://drive.google.com/file/d/1bB5oTl-0DpiXDUbphD3EM5-WEuLFXXIR/view?usp=sharing








Genomic surveillance in Italy

~100 sequencing/testing 
centers (4.8 per region) From April 2021

91.353 genome sequences
(94% through I-CoGen)

only 344 sequences



Where should we put our data?

INSDC GISAID

● More structured
○ More effort

● Different data types
○ (quality check/reanalyses)

● Link with “host data”

● Easier, quicker
● Only genome assemblies
● Reference db “worldwide”
● Difficult to link with external 

resources



What are we (scientific community) giving up?

• Data integration:
• genome sequences with host data:
• Serological data
• Transcriptomic data
• Host genome

• Data reanalysis
• co-infection 
• within-host evolution
• benchmarks for comparing tools

• Data re-use



HOW tos 

How to submit to ENA: LINK (please contact info@covidataportal.it 
in case of issues) 

How to submit to GISAID: LINK + a couple of videos in the 
“restricted access” area of the db

Can I migrate data from GISAID to ENA: likely so. Please see: 
Roncoroni et al. and LINK

https://ena-covid19-docs.readthedocs.io/en/latest/submission_workshop/getting_started.html
mailto:info@covidataportal.it
mailto:info@covidataportal.it
https://academic.oup.com/bioinformatics/article/37/21/3983/6294398
https://training.galaxyproject.org/training-material/topics/galaxy-interface/tutorials/upload-data-to-ena/slides.html#1


more HOW tos 

https://pha4ge.org/ 

https://pha4ge.org/


Conclusions

▶ Handling SARS-CoV-2 data might be a complex task
▶ There is a hell of work behind one genome sequence
▶ Data stewards needed to correctly handle all this data…
▶ But not just the data itsef:

▶ Bioinoformatics
▶ Lab protocols
▶ Sequencid data

▶ At the moment, GISAID the resource used by most does not 
comply completely with open and FAIR
▶ consider INSDC where possible 



Open questions and future perspectives

• Currently the majority of SARS-CoV-2 genomes 
from Italian institutions is at GISAID
• restricted access
• only genomic assemblies no raw data

• Working with ISS to
• migrate to INDSC databases (ENA) 
• deposit also raw data if available
• tools already in place but. Ethical/legal (GDPR) 

constraints are slowing us down

• HelpDesk:
• we help people migrate seqs from GISAID to ENA



What about other types of data

• TBH, in Italy (or Europe) viral genomes is still the <hot topic>

• Host genome sequences -> see B1MG
• Beacon, Federated EGA 
• GDPR!

• Imaging/Patients data -> see 1+MG/B1MG
• see above. Ontologies

• Serological data -> converge+ data portal
• ongoing discussion
• help wanted!
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How can we (double) check data quality?
SARS-CoV-2 use case

▶ We get one or more genome 
sequences

▶ We want to check/know if they 
might have issues

▶ Can we use tools/methods to 
check (without being hardcore 
bioinformaticians)?

MOSTLY SO



The data

▶ 5 randomly picked and anonymised genome sequences
▶ In fasta format: see here

▶ To check if sequences have issues we can
▶ see if they have strange “bits” (Ns, sequences that resemble 

sequencing primers, an excess of “genetic variants”)
▶ see if they are similar to other known sequences (SARS-CoV-2 is not 

“fast evolving”)
▶ see if they “match” known variants and if they got the right 

mutations

https://drive.google.com/file/d/1dqNmmbqnsRm-Dh6HO_VUUyKlkgVd2vVx/view?usp=sharing


▶ In fasta format: see here

https://drive.google.com/file/d/1dqNmmbqnsRm-Dh6HO_VUUyKlkgVd2vVx/view?usp=sharing


▶ Quick and highly curated “web service” for getting a quality check 
report of SARS-CoV-2 assemblies

▶ CoV-GLUE web application  http://cov-glue.cvr.gla.ac.uk 
▶ Detailed report of
▶ completeness of the genome sequence
▶ mutations (complete list)
▶ impact (of mutations) on sequencing and diagnostics

By Singer et al, University of Glasgow. See here for the preprint

P.S.              = click on from here onward

CoV-GLUE: quality check, step#1

http://cov-glue.cvr.gla.ac.uk
https://www.preprints.org/manuscript/202006.0225/v1


1

2
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In 1/2 minutes …





▶ mismatches at primer sequences: can introduce errors (but not 
necessarily so)

▶ coverage/alignment issues: the sequence is incomplete!



▶ alerts on “diagnostic tests”. In pink: might fail detection of one or 
more targets



▶ If we scroll down and check the sequences, does any have 
more “issues” compared with the others?

CoV-GLUE: quality check



▶ coverage/alignm
ent issues: the 
sequence is 
incomplete!

▶ at several “loci”



▶ Rapid and effective method to compare to other genome sequences (in 
GISAID or INSDC)

▶ web application  https://genome.ucsc.edu/cgi-bin/hgPhyloPlace 
▶ Detailed report of
▶ completeness of the genome sequence
▶ mutations (complete list)
▶ similarity/dissimilarity with other sequences in dbs
▶ phylogeny

By Turakhia et al, UCSC. See here for the paper

Tutorial: here

VideoTutorial: here

UShER: quality check, step#2

https://genome.ucsc.edu/cgi-bin/hgPhyloPlace
https://www.nature.com/articles/s41588-021-00862-7
https://www.cdc.gov/amd/pdf/slidesets/ToolkitModule_3.3-508C.pdf
https://youtu.be/humQ1NyZOUM


SARS-CoV-2: nomenclature

● Groups/variants are defined based on the evolutionary history of the virus
● Pango: currently the gold standard method

○ more granularity (groups) than Nextstrain and GISAID 
■ better  at tracking
■ less robust to noise



UShER, in brief
▶ Take your sequence(s)
▶ Fit them on the global 

SARS-CoV-2 phylogeny
▶ Compare with similar 

sequences in the tree
▶ “classify” your 

sequence (variant)
▶ check if potential 

sequencing issues 
(similar to other 
sequences of the same 
type?)



UShER, hands on



UShER, hands on



UShER, hands on

▶ Select: GISAID or INSDC -> GISAID



UShER, hands on

▶ Hit:UPLOAD
▶ Results in approx ~ 5 minutes



UShER, main results

▶ S5: many masked bases. We were already aware of



UShER, main results

▶ S4: ambiguous IUPAC codes at 29 sites!
▶ UShER -> picked the base call of the closest sequences



▶ S4: ambiguous IUPAC codes at 29 sites!
▶ UShER -> picked the base call of the closest sequences



UShER, main results

▶ All sequences have many “mutations”
▶ Marked in red. But not an issue: see next slide



UShER, main results

▶ We have 1 Delta and 4 Omicron genomes
▶ Omicron and Delta have many mutations. No issue here!



UShER, main results

▶ We have 1 Delta and 4 Omicron genomes
▶ Omicron and Delta have many mutations. 



To see the phylogeny



UShER, main results

▶ Neighbor=Delta

▶ Your isolate= 
Delta



To see the phylogeny



UShER, global phylogeny



▶ We can easily perform some quality assessment of 
SARS-CoV-2 genome sequences 

▶ If we have a “reasonable” number, web interface based tools 
can be used

▶ In our case of study
▶ all the sequences fit well within the global phylogeny
▶ S4 had some ambiguous base calls. Could be solved by UShER! 

▶ /we can tell the IT guys

▶ S5 has 5 Kb missing. But no errors
▶ /again we can check with the IT guys
▶ sequence is however informative. Resequencing an option?

Conclusions part #2
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This presentation is part of a project that has received funding from the 
European Union’s Horizon 2020 research and innovation programme 
under grant agreement Nos 857650 (EOSC-Pillar), 824087 (EOSC-Life), 
and 676559 (ELIXIR-EXCELERATE), and was supported by the Italian 
Computing and Data Infrastructure (ICDI).
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