Centro Nacional de Analisis Genémico

Sequence Analysis for Covid-19

Curso UIMP

lvo Glynne Gut

lvo.gut@cnag.crg.eu

27. August 2020




Centro Nacional de Analisis Gendmico (CNAG-CRG)

Created in 2010

Funded by MCI and Generalitat de Catalunya

Competitive grants & contractual research provide additional funds
Since 2015 it is integrated with the CRG
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> 80 people, directed by Ivo Gut
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significant improvements in people’s health and quality of life, in

collaboration with the Spanish, European and International research

and clinical community.

Vision
v" To be a high quality sequence analysis center and to be a world

reference center for genomic analysis.
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The CNAG-CRG’s Genomehenge 2019
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Sequencing capacity
+  >6000 Gbases/day = 70 human genomes/day at 30x coverage
Sequencing
. 2 lllumina NovaSeq6000
+ 3 lllumina HiSeq2500
* 2 lllumina HiSeq4000
.+ 2 lllumina MiSeq

+ 3 Oxford Nanopores Minlons
+  Oxford Nanopore Gridlon

*  10x Genomics Chromium
Computing

+ 3552 cores

+ 3.7PBdisk + 3 PB tape

. 35,5TB RAM

. Barcelona Super Computing Center - 10 x 10 Gb/s
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The CNAG-CRG Quality Certifications

SGS Certification ISO 9001: 2015

ENAC ISO 17025 : 2005 Accreditation
lllumina Certified Service Provider CSPro
Agilent Certified Service Provider CSP
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Certified Service Provider status under the Roche Sequencing Solutions® Technical Certification Program
for CNAG-CRG's expertise in running the Roche SeqCap® EZ target enrichment system
v BBMRI-ERIC Expert Centre

BBMRI-ERIC
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Entidad Nacional de Acreditacion

Agilent
- llumina
Service Provider
Target Enrichment CERTIFIED
System SERVICE PROVIDER

Centre
for Genomic
Regulation
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CNAG Workflow

BIOREPOSITORY
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Subproject

—— Deadline

(Countdown)by Sample by Library

Open 2012-10-01
(Experimental) (26 days)

Open 2012-10-02
(Experimental) (27 days)

Open 2012-10-03

(Experimental) (28 days)
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Involvement in ORFEU

v' SARS-CoV-2 diagnostic testing platforms at the CRG and at the Parc Cientific de
Barcelona by CNAG, IRB and IBEC

v Dedicated BSL2 facility

v' Pipeline

v’ LIMS

PCR Barcode: C302NN06

1 2 3 4 5 6 7 8 9 10 11 12
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Control PASS (4/4)
Control FAIL (0/4)
Positive (18/92)
Negative (70/92)
Inconclusive (4/92)
Invalid (0/92)
Empty well (0/96)
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COVID-19 Molecular Diagnostic Test through RT-PCR

@ Nasopharyngeal (NP) or
Oropharyngeal (OP) swab
Cotton swab is inserted into nostril
to absorb secretions. <15 min
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@ RT-qPCR -1 h per primer set
Purified RNA is reverse transcribed
to cDNA and amplified by gPCR.

Retro transcription
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@ Collected specimen 0-72h
Specimen is stored at 2-8°C for up 1o
72 hours or proceed to RNA extraction,
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E_Forward: ACAGGTACGTTAATAGTTAATAGCGT
E_Probel: FAM-ACACTAGCCATCCTTACTGCGCTTCG-880 First-line
SCreening ool

Example primers and probes for screening
E gene
E_Reverse: ATATTGCAGCAGTACGCACACA

RéRp_Forward: GTGARATGGTCATGTGTGOCGG
RARp_Probe1: FAM-CCAGGTGGWACRTCATCMGGTGATGC88Q mf e
RéRp_Peobe2: FAM-CAGGTGOAACCTCATCAGGAGATGC-880 mc“' vhguipi

RERp_Reverse: CARATGTTAASACACTATTAGCATA

Primer sequences are for Mustrative purposes only,

@ RNA extraction ~45min
Purified RNA is extracted from deactivated virus,

Purified RNA

@ Test results real-time

Positive SARS-CoV2 patients cross
the threshold line within 40,00 cycles

(< 40.00 Ct),

Positive

Threshold

Copies per reaction (Ct)



Short-read sequencing technology for SARS-CoV-2

illumina Q

Products Learn Company Support Recommended Links

Browse by System v~  Browse All Products  Product Bundies

PRODUCTS Overview  Browse by Area of Interest ¥ Browse by Product Type v

Products / Browse by Product Type / In Vitro Diagnostic (VD) Products / llumina COVIDSeq Test

The lllumina COVIDSeq Test is only for use in the U.S. under the Food and Drug Administration’s Emergency Use Authorization. Other versions of this product are
available outside the U.S., including a Performance Evaluation Only (PEO) version for European countries regulated by CE-IVD, and a Research Use Only (RUO)

version for other non-U.S. countries.

[llumina COVIDSeq Test

This high-throughput next-generation sequencing (NGS) test detects SARS-CoV-2 in
nasopharyngeal, oropharyngeal, and mid-turbinate nasal swabs from patients suspected of

COVID-19.Read More...
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PRODUCTS Overview  Browse by Area of Interest ¥ Browse by Product Type ¥ Browse by System ~  Browse All Products  Product Bundles

Product Highlights

The lllumina COVIDSeq Test is the first NGS test approved for use Design and Qua”ty Control

under the U.S. Food and Drug Administration’s Emergency Use

Authorization (EUA). This amplicon-based NGS test includes 2019- The lllumina COVIDSeq Test leverages a modified version of the

nCoV primer and probe sets designed to detect RNA from the SARS- validated, publicly available ARTIC multiplex PCR protocol, with 98
CaoV-2 virus in nasopharyngeal, oropharyngeal, and mid-turbinate nasal amplicons designed to amplify SARS-CoV-2 virus-specific sequences,
swabs from patients with signs and symptoms of infection who are combined with proven lllumina sequencing technology. As a quality
suspected of COVID-19. feature, an internal control consisting of 11 human mRNA targets is

included in every sample to monitor for errors.

Rapid, Scalable SARS-CoV-2 Detection

The lllumina COVIDSeq Test can be scaled up or down to
accommodate different numbers of samples. Up to 3072 results can be
processed in 12 hours on the NovaSeq 6000 System using two
NovaSeq 6000 S4 Reagent Kits with the Xp workflow.



Long-read sequencing technology for SARS-CoV-2

. NANOPORE Froducts Services Appications Ressurces

COVID-18 Overview Community Timeline Get started / Workflows LamPORE Assay

LamPORE

LamPORE is a new assay, in advanced development, for the datection of the SARS-CoV-2
virus.

Status at 7 August 2020: Oxford Nanopore hss spent recent weeks and months
collaborating with multiple clinical laboratories in the UK to complste evaiuations of
analytical parformance of LamPORE. information about this datasst of several hundred
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samples will be released soon and reguiatory submissions are underway. We will keep you

informed about the rapid progress of its development here s 45

LamPORE iz also in development for the detection of multiple respiratory pathogensin a
single assay, in preparation for & need to detect SARS-CoV-2 in samples that may also
contain influenza or other respiratory viruses.

« Scalable: users can run batween 1- 768 samplas on a single fiow cell (including to support efforts to identify, track, trace,
positive / negative controls) > =3 and ienlata racac
» Designed to be deployed on MinlON Mk1C (one flow cell) or GridION {up to 5 flow

calls)
» Simple desktop devices can therefore enable as many as 15,000 tests a day
On-demand processing rather than a raquirement to batch
Rapid results: under two hours for 1-06 sampias on a single flow call
Near-sample analysis. Simple hardware requirement enables use in centralised lab
environment, or 'pop-up’, near-community labs; flaxible location is also designed to
support rapid turnaround times
Control mechanism inbuwilt to identify errors in sampls collection, 3 common source
of 'false negatives’
» Assay sequences three genes of the SARS-CoV-2 virus for precise analysis

LamPORE is a rapid, low-cost and highly scalabls assay for the datection of SARS-CoV-2,

the virus that causes COVID-19. The assay combines nanopare sequencing with loop- M]nION MKIC GrldION Mk1

mediated isothermal amplification to detect the virus, and uses matenals outside of

current supply chain limitations. The fully connected, all-in-one The desklop sequancer thal can run 5
portable device imes as many samples as MintON
LamPORE is the first assay that Oxford Nanopore has developed with the intention for
future diagnostic use. - Users can analyse 1-768 samples - GndiON could be used in a high-
atonce antralised lab fo fest
Interested in ﬂndlng out more and staylng informed? - Due to portable rature, could be high numbers of samples

deployed in a pop-up lab

onvironmont, requinng little space
Register your interest in LamPORE

The LamPORE assay



The LamPORE assay

LamPORE is deployable in both high-throughput, centralised settings as well as smaller, local environments for quick turnaround of a large number of samples, opening up opportunities
for future routine screening.

1-96 samples can be processad in just over an hour on a single MinlOM Flow Cell, or using more barcodes can enable the sequencing of 768 samples on a MinlON Flow Cell, reguiring an
additional ~3 hours seqguencing time. The GridlON can process up to five times this many samples.

How does it work?

LamPORE leverages LAMP (loop-mediated isothermal amplification) upstream of nanopore sequencing to
detect the presence of SARS-CoV-2 in a sample.

lzothermial amplification has been wsed successfully alongside nanopore sequencing previously for the
analysis of malaria parasite Plasmodium, leishmaniasis and dengue virus, providing a simple and fast way
to amplify a specific target.

The LamPORE assay can be performed on extracted RMNA from swabs, and is also in development to
enable working directly from saliva.

In a SARS-CoV-2-positive sample, once the viral target has been amplified via LAMP the sample is then
prepared for sequencing using Oxford Manopore’s rapid sequencing chemistry. By barcoding the samples
at both the amplification and library preparation stages, high multiplexing capacity can be achieved for "“ Incubation al a constant
large sample volumes. =/ by

As well as targeting three specific genes of the SARS-CoV-2 virus, a control target is included in the assay I target ey e T e
{actin). This acts as confirmation of successful sample collection, and is designed to show the user where P 0 prosaent, nathing happans
a negative result is because of sample collection errors rather than the lack of presence of SARS-CoV-2. )

Sample i prepared fof

The prepared sequencing library is subsequently loaded onto a nanopore sequencing device, such as the . SoqueRCing

GridlON MET or MinlON ME1C, and real-time analysis begins. When sequencing reads aligning to the

SARS-CoV-2 genome and a confrol target reach a threshold number per sample, the sample can be Saquencing establishes
G|ESEEU as pﬂﬁ-ﬁﬂ'ﬂ. |:’:\} whether reaction product

Results can be delivered in under two hours for between 1-96 samples, meaning rapid turnaround of
results.

Figure 1: LamPORE is a simple and fast process comprising of amphfication,
library preparation end saquencing steps to identify whethar the SARS-Col-2
virus ig present in a sample.



Main problems

* Collecting the large number of samples
 Handling in BSL2 laboratorios

* Data handling
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Covid-19 Host Genetics Initiative

Mission
The COVID-19 host genetics initiative brings together the human genetics community to generate, share and analyze data to learn the genetic determinants of COVID-19

susceptibility, severity and outcomes. Such discoveries could help to generate hypotheses for drug repurposing, identify individuals at unusually high or low risk, and
contribute to global knowledge of the biology of SARS-CoV-2 infection and dizease.

Objectives

The COVID-19 hast genstics initiative is a bottom-up collaborative effort that has three main aima:

v @ %ﬁ

2

_ _ _ _ N &im Z: Organize analytical activities across studies to identify genstic
Aim 1: Provide an environment to foster the sharing of resources to facilitate determinants of COVID-19 susceptibility and severity.
COVID-19 host genetics research (e.g. protocols, gquestionnaires).

o= See our partners

Aim 3: Provide a platform to share the results from meta-analytical activities to
benefit the broader scientific community.
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ORIGINAL ARTICLE

Genomewide Association Study of Severe Covid-19 with Respiratory Failure

David Ellinghaus, Ph.D., Frauke Degenhardt, M.Sc., Luis Bujanda, M.D., Ph.D., Maria Buti, M.D., Ph.D., Agustin Albillos, M.D., Ph.D., Pietro Invernizzi, M.D.,
Ph.D., Javier Ferndndez, M.D., Ph.D., Daniele Prati, M.D., Guido Baselli, Ph.D., Rosanna Asselta, Ph.D., Marit M. Grimsrud, M.D., Chiara Milani, Ph.D., et al., for
The Severe Covid-19 GWAS Group®
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JAMA | Preliminary Communication

Presence of Genetic Variants Among Young Men With Severe COVID-19

Caspar |. van der Made, MD; Annet Simons, PhD; Janneke Schuurs-Hoeijmakers, MD, PhD; Guus van den Heuvel, MD; Tuomo Mantere, PhD;

Simone Kersten, MSc; Rosanne C. van Deuren, MSc; Marloes Steehouwer, BSc; Simon V. van Reijmersdal, BSc; Martin Jaeger, PhD; Tom Hofste, BSc;
Galuh Astuti, PhD; Jordi Corominas Galbany, PhD; Vyne van der Schoot, MD, PhD; Hans van der Hoeven, MD, PhD;

Wanda Hagmolen of ten Have, MD, PhD; Eva Klijn, MD, PhD; Catrien van den Meer, MD; Jeroen Fiddelaers, MD; Quirijn de Mast, MD, PhD;

Chantal P. Bleeker-Rovers, MD, PhD; Leo A. B. Joosten, PhD; Helger G. Yntema, PhD; Christian Gilissen, PhD; Marcel Nelen, PhD;

Jos W. M. van der Meer, MD, PhD; Han G. Brunner, MD, PhD; Mihai G. Netea, MD, PhD: Frank L. van de Veerdonk, MD, PhD; Alexander Hoischen, PhD

Editorial
IMPORTANCE Severe coronavirus disease 2019 (COVID-19) can occur in younger, Supplemental content

predominantly male, patients without preexisting medical conditions. Some individuals may
have primary immunodeficiencies that predispose to severe infections caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

OBJECTIVE To explore the presence of genetic variants associated with primary
immunodeficiencies among young patients with COVID-1S.



RESULTS The 4 male patients had a mean age of 26 years (range, 21-32), with no history

of major chronic disease. They were previously well before developing respiratory
insufficiency due to severe COVID-19, requiring mechanical ventilation in the ICU. The mean
duration of ventilatory support was 10 days (range, 9-11); the mean duration of ICU stay was
13 days (range, 10-16). One patient died. Rapid clinical whole-exome sequencing of the
patients and segregation in available family members identified loss-of-function variants

of the X-chromosomal TLRY. In members of family 1, a maternally inherited 4-nucleotide
deletion was identified (c.2129_2132del; p.[GIn/10Argfs*18]); the affected members of family
2 carried a missense variant (c.2383G>T; p.[Val/95Phe]). In primary peripheral blood
mononuclear cells from the patients, downstream type | interferon (IFN) signaling was
transcriptionally downregulated, as measured by significantly decreased mRNA expression
of IRF7, IFNEI, and ISGI15 on stimulation with the TLR7 agonist imiquimod as compared with
family members and controls. The production of IFN-y, a type Il IFN, was decreased in
patients in response to stimulation with imiquimod.

CONCLUSIONS AND RELEVANCE In this case series of 4 young male patients with severe
COVID-19, rare putative loss-of-function variants of X-chromosomal TLR7 were identified that
were associated with impaired type | and Il IFN responses. These preliminary findings provide
insights into the pathogenesis of COVID-19.



EASIGenomics

European Advanced infraStructure for Innovative Genomics

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 824110



Extraordinary call for Covid-19 —
30. June 2020

* Focus
* Host genetic factors
* Severe cases <50 years old
* No comorbidities

* Selected studies

* 9 projects

* >900 exomes

* RNAseq

* Longitudinal studies ‘ WwWw.easi-genomics.eu
* Single cell

21/11/2019 EASI-Genomics

21
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Declaration for delivering cross-border
access to genomic databases

1 million genomes accessible
in the EU by 2022

Linking access to existing and
future genomic databases across the EU

@ Providing proper scale for
& research with clinical impact




EU countries agreed to cooperate in linking

1+MG DECIaration Of genomic data across borders
cooperation - April 2018

Austria
Bulgaria
Croatia
Cyprus
Czech Republic
Estonia
Finland
Germany
Greece
Hungary
Italy

‘‘‘‘‘‘‘

eHealth

Latvia
Lithuania
Luxembourg
Malta
Netherlands
Norway
Portugal
Slovenia
Spain
Sweden

DECLARATION OF COOPERATION

Towards access to at least 1 million sequenced

genomes in the European Union by 2022 22 countries have now
signed; 6 are observers

https://ec.europa.eu/digital-single-market/en/european-1-million-genomes-initiative
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The 1+ Million Genome initiative

* Federated framework that would allow secure and authorised
cross-border access to genomic and other health data across
the EU, supporting research, health care and prevention.

e To allow users to search and access the data through a user-
friendly and effective data governance structure building on
existing national and European initiatives.

e To ensure that citizens, researchers and health systems in
Europe can benefit from the full potential of genomics to
advance targeted health/care interventions leading to better
prevention, early diagnosis and treatment of diseases

Member States of the European Union, the European Economic Area (EEA) and the European Free Trade Association (EFTA)
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Join forces!

Blobanking and
Biomolecular
Resources Research
Infrastructure
.
C_RBEL.

l.(

s Global Alliance
;“. for Genomics & Health

Collaborate. Innovate. Accelerate.
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National clinical genomics initiatives
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Creation of working groups

e WG1 Scope, stakeholders and governance
. WG2 Ethical, Legal, and Societal Issues (ELSI)

e WG3 Common standards and min. dataset for clinical and phenotypic
data

e WG4 Good sequencing practice

» WG5S Federated, secure, interoperable and privacy-respecting
framework and access governance

¢ WG6 Health economics and outcome research
 WGT7 Involvement of the private sector

 WGS8 Use case - Rare diseases

e WG9 Use case - Cancer

* WG10 Use case - Populations, Precision prevention,
Pharmacogenomics

e WG11 Use case — Covid-19, Infectious diseases
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In conclusion

* Interaction of the virus and the host is very important
* Virus needs to be handled in BSL2 laboratories

* Host can present many predisposing low-risk contributing genetic factors —
polygenic risk scores

* Host can have rare variants that confer high risk — rare disease

* Sequencing of the virus and host is possible
* Data sharing accelerates discoveries

e This can provide insight into the potential outcomes and guide treatment
decisions
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