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New era of virus surveillance Targeting the whole-genome

Many laboratories do not have bioinformatics capabilities and/or staff needed to analyze raw
NGS data, which is an obstacle in the transition to whole-genome sequencing

*

Next-generation
Sequencing

Hlumina'

NANOPORE

oooooooooooo

https://insaflu.insa.pt

Borges et al, 2018
Genome Medicine 10: 46


https://insaflu.insa.pt/

Which are the main features of INSaFLU? https://insaflu.insa.pt

Online platform (free, confidential accounts) but it can be

installed locally

User-oriented / no advanced expertise in bioinformatics is

needed

Appllcable to NGS data (single / paired-end data; lllumina / lon Torrent / ONT)

collected from diverse amplicon-based schemas



Which are the main features of INSaFLU?

https://insaflu.insa.pt

Tailored to seasonal human influenza and SARS-CoV-2 but

is applicable to other pathogens

Dynamically integrates data in a cumulative manner, fitting the

continuous epidemiological surveillance during epidemics

Outputs are standardized and compatible with other platforms

for downstream data visualization/analysis



INSaFLU-TELEVIR: an open web-based bioinformatics suite for metagenomic
virus detection and routine genomic surveillance (influenza, SARS-CoV-2 and
other pathogens)

https://insaflu.insa.pt

INPUTS OUTPUTS
ROUTINE GENOMIC SURVEILLANCE
v Sample metadata table v Read quality analysis and improvement
+ v" Human betacoronaviruses, MPXV and influenza
type/subtype classification (directly from reads)
v" NGS data * v Interactive coverage analysis
v' Mutation annotation and consensus sequence
*Compatible with distinct sequencing technologies: @ ZenlE@ElEl e
; v i i .
lllumina, lon Torrent and Oxford Nanopore Gene- and genome-based alignments and

phylogenies
v Intra-host minor variant detection  (including
flagging of putative mixed infections)
SARS-CoV-2 “Pango lineage” classification
Direct link to “Nextclade” navigation
Genotype-phenotype screening

https://insaflu.insa.pt

EURNRN

INSaFLU-TELEVIR development is being co-funded by the European Commission on behalf of OneHealth EJP

TELEVIR project: https://onehealthejp.eu/jrp-tele-vir/




SAMPLE TABLE — sample_ID, reads_ID + METADATA

i @ {ONANOPORE
Illumlna B READS - DRAG & DROP (fastq.gz format)
READ QC
(Trimmomatic / NanoFilt)
- GRAPHICAL QUALITY REPORTS (pre- and post-QC)
(FastQC, NanoStat, RabbitQC)
Influenza A and B type/sub-types - QUALITY-PROCESSED READS
5 Human BetaCoronaviruses and
MPXV
(SPAdes, ABRIcate) REFERENCE-based MAPPING

(BWA / Medaka)

MUTATION DETECTION AND ANNOTATION
(Freebayes / Medaka, bcftools / SnpEff)

CONSENSUS GENERATION / CURATION
(automatic masking of low coverage regions; MSA_masker)

MINOR VARIANTS DETECTION GRAPHICAL MAPPING PROFILE (IGV)

AND ANNOTATION
(Freebayes, bcftools, SnpEff COLOR-CODES FOR COVERAGE
llumina GENOME AND GENE/PROTEIN ALIGNMENTS
(MAFFT, MSAViewer)
PHYLOGENETIC TREES LINKED TO METADATA VISUALIZATION
(FastTree, PhyloCanvas)
PANGO LINEAGE SARS-CoV-2 _ _ GENOTYPE-PHENOTYPE SCREENING
CLASSIFICATION AND Pango lineage [ Integrative Nextstrain
NEXTCLADE LINKAGES [T partsgiet phylogenetic and NEXTSTRAIN PHYLOGENETIC AND GEOTEMPORAL ANALYSIS.

directlinkto | geotemporal analysis. (Seasonal Influenza, SARS-CoV-2, Monkeypox, and a “generic” build
Nextclade other viruses)




https://insaflu.insa.pt

Documentation  %Login

m) References: default reference database; add new references
) Samples: main repository, add/delete samples, inspect / refine QC

m) Projects: reference-based mapping and output data navigation

m) Datasets (new): Nextstrain phylogenetic and genomic analysis,
geotemporal data visualization and exploration of sequence metadata

4 Settings: user-defined configuration of parameters for reads quality
analysis, mapping, mutation validation and consensus generation/masking

Applicable to: | I umina

Oxford

NANOPORE

Technologies

_—> Register and Login

to a user restricted account

Please, use the browsers Firefox, Safari or Chrome for better view experience.

User name/Email®

¥ Demo login. Make a de

ake a demo login. Only can view predefined data

Get another cenfirmation e-mail (check your spam first)



INSaFLU projects - reference-based mapping and output data navigation

Multiple outputs in nomenclature-stable and standardized formats that can be downloaded or visually explored in situ.

https://insaflu.insa.pt



https://insaflu.insa.pt/

Examples of INSaFLU projects outputs

: ) g o s FLU .
(’ nstituto I‘:Iac):lonal de Salde =’ Documentation ® demo_insaflu - Logout
Home / Projects / Show project results

Project 'project_SARS_CoV_2_demo’

Phylogenetic trees and metadata visualization

Mutations list

Nucleotide alignments by MSAViewer

Amino acid alignments by MSAViewer

AlIn2Pheno report

Intra-host minor variants annotation and uncovering of mixed infections

Coverage for all samples

Jump tc NextClade ~ Name, Mixed, Type and D

Sample Name Type And Subtype Putative Mixed Infection Technology Dataset Coverage Consensus File Alerts Results

@ demo_SARSCoV2_001 BetaCoV/-SARS_CoV_2 Mo lllumina/lonTorrent demo_sarscov? Consens...01.fasta 1 Vg O More info
@ demo_SARSCoV2_002 BetaCoV-SARS_CoV_2 Mo lllumina/lonTorrent demo_sarscov? Consens...02.fasta 1 Vg O More info
@ demo_SARSCoV2_003 BetaCoV/-SARS_CoV_2 Mo lllumina/lonTorrent demo_sarscov? Consens...03.fasta 1 Vg O More info
@ demo_SARSCoV2_004 BetaCoV-SARS_CoV_2 Mo lllumina/lonTorrent demo_sarscov? Consens...04.fasta 1 Vg O More info
@ demo_SARSCoV2_005 BetaCoV/-SARS_CoV_2 Mo lllumina/lonTorrent demo_sarscov? Consens...05.fasta 1 Vg O More info

Expand-and-collapse panels
Multiple outputs in nomenclature-stable and standardized formats that can be downloaded or visually explored in situ.

https://insaflu.insa.pt



https://insaflu.insa.pt/

Examples of “Projects” outputs
G

Mutations in consensus

G G

SARS CoV_2 demo_| 01 MN90894T 241 snp T:5237C55 SUTR
SARS_CoVW_2_demo_01 MNS0BISY 3037 s=np C T T:5634 C:3 chs =+ 2772/132 9244400 synonymous_variant 2772C>T Pheg%24Phe orflab arflab polyprotein
SARS_CoVW_2_demo_01 MMNS0BIL7 14408 s=snp C T T-2898 C1 chs + 941/20BE 314/26585 missense_variant S41CT Pro314leu orflab orflab polyprotein
SARS_CoV_2_demo 01 MMNS0BIS7 23403  snp A G G:10357 A2 chs  + 18417382 614/1273 missense_variant 1841A>G Aspelacly 5 surface glycoprotein
GGG AAC AAC3205 GEY chE  + 608/1260 203/41%9 missense_variant B60B_610delGGGIinsAAC  ArgGly203LysArg N nucleocapsid phosphoprotein
E T T:3461 C:3 SUTR +
T:4320C:4 CDS + 2772/132 EZ4;‘44EID synonymous variant 2772C>T Phed24Phe orflab orflab Dnlvurotein

8o _______ Hlciog m" e o o " M ooroldereecr B vt criance B ancrance Bl locus Bl cene B proould

SARS_ Cu\.r' 2 det SARS_CoV_2_demo_01 MMNS0894 4503 s T 1, 2 CDS 42?8;’212 1426{?09 synonymous_variant 4278C>T Thr1426Thr orflab orfiab po

SARS_CoV_2_del|SARS_CoV_2_demo_01 MNS0894 10223 snp C T 2,2 ChSs + 9998/212 3333/709 missense_variant 9998C=T Ala333aval orflab orflab pol

SARS_CoW_2_del|SARS CoV 2 demo_01 MNS0854 25284 snp C A 6,6 cDs + 3762382 1254/127 stop_gained 3762C=A Cys1254% S surface gh

MN30854 28999 =np A T 1,4 Cchos + 766/1260 256/419 stop_gained 7BBAST Lys256% M nucleocap

MNI08S4 2863 snp A G 1,1 cDs + 2638/212 BB0/7095 missense_variant 2B3BAG llegg0val orflab orflab pol

MN30854 8168 snp C T 1,0 CchDs + 79437212 2648/709 missense_variant 7943C=T Thr2e4slle orflab orflab pol

| BllgARS CoV 2 demo 02 MNI0534 24328 snp G T 2,4 cos + 2B06/382 936/1273 missense_variant 2B06G>T Asp93aTyr 5 surface gh

|SARS_CoV_2_der SARS_CoV_2_demo_02 MMNSO894 25284 snp C A 3,2 cDs + 37627382 1254/127 stop_gained 3762C=A Cys1254% 5 surface gh

SARS_CoV_2_demo_02 MMNS0894 28999 snp A T 1,3 cos + 766/1260 256/419 stop_gained 7BBAST Lys256% M nucleocap

- ~|SARS_CoV_2_demo_03  MMNS0894 3907 snp G T 1,9 CcDs + 36827212 1228/709 missense_variant 36B2G>T Aspl228Tyr orflab orflab pol

SARS_Cov,_ 2 der 5AR5_CDU_2_demD_D3 MN30854 3926 snp C T 12,7 CDS + 37017212 1234/709 missense_variant 3701C>T Alal123aval orflab orflab pol

SARS_CDV_Z_demD_DS MN30854 25284 snp C A 2,0 Cchs + 37627382 1254/127 stop_gained 3762C=A Cys1254% g surface gh

.SH.RS Cov 2 i SARS_CoV_2_demo_ 03 MMNS0894 25310 snp C T 35,3 |CDS + 3788/382 1263/127 missense_variant 37BBCST Prol263leu 5 surface gh

.SARS Cov 3 der SARS_CoV_2_demo_04 MMNS0894 1857 snp A G 1,0 Cchs + 16327212 544/7095 synonymous_variant 1632A=G Valsadaval orflab orflab pol

[ SARS_CoV_2_demo_04 MMNS0894 24321 snp A G 2,4 cos + 27959/382 933/1273 synonymous_variant 2799AG Lys933Lys 5 surface gh

-SARS Cov_2 del SARS_CoV_2_demo_04 NMNSOS94 25284 snp C A 3,3 cDs + 3762/382 1254/127 stop_gained 3762C=A Cys1254% S surface gh

SARS CoV 2 del3ARS_CoV 2 _demo_04 MNSOBS4 25476 snp C T 37,2 |CDS + 1247828 427275 missense_variant 124C>T Prod2Ser ORF3a ORF3a prc

| e g1 SARS_CoV_2_demo_04 MNS0894 28999 snp A T 1,3 cDs + 766/1260 256/419 stop_gained 7BBAST Lys256% M nucleccap
'SARS CoV 2 delSARS CoV 2 demo 05 MNSD894 64 snp T c 1,6

SARS_CoV_2_demo_05 MMNS0894 789 snp C T 2,8 cDs + 56472129 188/7095 synonymous_variant 564C>T Asnl88Asn orflab orflab pol

SARS_CoV_2_demo_05 MMNS0834 6571 snp G A 6,8 cDs + 6346/212 2116/709 missense_variant 6I4BGA Val21i16lle orflab orflab pol

SARS_CoV_2_demo_05 MMNS0894 25006 snp C T 3,4 cDs + 3484/382 1162/127 missense_variant 3484C>T Proll62Ser S surface gl

SARS CoV_2_demo_05 MNS0S894 25284 snp c A 38 CDS + 3762/382 1254/127 stop_gained 376204 Cys1254% 5 surface gh

SARS_CoV_2_demo_05 MMNS0894 28999 snp A T 1,7 cDs + 766/1260 256/419 stop_gained 7BBAST Lys256% M nucleccap

SARS CoV 2 demo 06 MMNSO0894 2073 sno C T 1.9 Chs + 1848/212 616/7095 svnonvmous variant 1848C>T lle616lle orflab orflab pol



Examples of “Projects” outputs

Genome alighment

Protein alighments

e.g. ORFlab

e.g. Spike



Examples of “Projects” outputs

Phylogenetic trees and https://insaflu.insa.pt
metadata visualization



Examples of “Projects” outputs

align2pheno tool (pilot module for SARS-CoV-2) screens and reports mutations of interest
in Spike.

Screening of SARS-CoV-2 Spike amino acid alignments against two “genotype-phenotype” databases: the COG-UK Antigenic
mutations (https://sars2.cvr.gla.ac.uk/cog-uk/) and the Pokay Database (https.://qithub.com/nodrogluap/pokay/tree/master/data).

See more details in INSaFLU documentation: https://insaflu.readthedocs.io/en/latest/data_analysis.html#algn2pheno and https://insaflu.readthedocs.io/en/latest/output_visualization.html#h-explore-the-algn2pheno-report-panel-and-results



https://sars2.cvr.gla.ac.uk/cog-uk/
https://github.com/nodrogluap/pokay/tree/master/data
https://insaflu.readthedocs.io/en/latest/data_analysis.html#algn2pheno
https://insaflu.readthedocs.io/en/latest/output_visualization.html#h-explore-the-algn2pheno-report-panel-and-results

https://cov-lineages.org/

Automate (and up-to-date) Direct link to
Pango lineage classification Nextclade navigation

https://clades.nextstrain.org/

seasonal influenza

SARS-CoV-2


https://clades.nextstrain.org/
https://cov-lineages.org/

DATASETS — New module

_—> Register and Login
to a user restricted account

Please, use the browsers Firefox, Safari or Chrome for better view experience.

Documentation  #Login

m) References: default reference database; add new references

User name/Email*

m) Samples: main repository, add/delete samples, inspect / refine QC

mp Projects: reference-based mapping and output data navigation

@ Demo login. Make a demo login. Only can view predefined data.

m) Datasets (new): Nextstrain phylogenetic and genomic analysis,
geotemporal data visualization and exploration of sequence metadata e o e

= Settings: user-defined configuration of parameters for reads quality
analysis, mapping, mutation validation and consensus generation/masking

Applicable to: | | I umina

Oxford

NANOPORE

Technologies

https://insaflu.insa.pt




wsaFLU
(, nsttuto_Nacional de Satide %’

Home / Datasets

New Dataset

Dataset Name

1 Nextstrain_MPXV_demo
0 MNextstrain_SARS_CoV_2_demo
@ Nextstrain_influenza_A_H3N2_demo

@ Nextstrain_generic_RSV_demo

NextStrain Build

Monkeypox

SARS-CoV-2

Influenza (H3N2 HA 12years)

Generic

Last Change Date

10-11-2022 23:02

10-11-2022 20:00

10-11-2022 20:04

10-11-2022 20:05

Creation Date

10-11-2022 22:47

09-11-2022 22:15

09-11-2022 22:14

09-11-2022 22:13

Alerts

Documentation ® demo_insaflu - Logout

#Sequences (P/C/R) Results

Li JEVVAV  Add Sequences ~ 074

Total datasets: 4

Available builds: Seasonal Influenza, SARS-CoV-2, Monkeypox and Generic

https://insaflu.insa.pt



https://insaflu.insa.pt/

Examples of “Datasets” outputs

https://insaflu.insa.pt

Interactive exploration of Nextstrain alignments and phylogenetic trees
using PhyloCanvas

DRAG&DROP onto https://auspice.us/

See more details in INSaFLU documentation: https://insaflu.readthedocs.io/en/latest/data_analysis.html#nextstrain-datasets and https://insaflu.readthedocs.io/en/latest/output_visualization.html#navigate-through-nextstrain-datasets
and https://github.com/INSaFLU/nextstrain_builds



https://insaflu.readthedocs.io/en/latest/data_analysis.html#nextstrain-datasets
https://insaflu.readthedocs.io/en/latest/output_visualization.html#navigate-through-nextstrain-datasets
https://github.com/INSaFLU/nextstrain_builds
https://auspice.us/

Examples of “Datasets” outputs

https://insaflu.insa.pt

Nextstrain builds for seasonal Influenza, SARS-CoV-2 and
Monkeypox as well as a “generic” build for other viruses.

See more details in INSaFLU documentation: https://insaflu.readthedocs.io/en/latest/data_analysis.html#nextstrain-datasets and https://insaflu.readthedocs.io/en/latest/output_visualization.html#navigate-through-nextstrain-datasets
and https://github.com/INSaFLU/nextstrain_builds



https://insaflu.readthedocs.io/en/latest/data_analysis.html#nextstrain-datasets
https://insaflu.readthedocs.io/en/latest/output_visualization.html#navigate-through-nextstrain-datasets
https://github.com/INSaFLU/nextstrain_builds

INSaFLU-TELEVIR has been continuously updated

Virus-specific routine
genomic surveillance

- Firstly tailored for influenza surveillance
- SARS-CoV-2 — adapted at beginning of pandemic

- 2022 Monkeypox virus outbreak

New challenges - viral metagenomics , o
Virus detection in

. .. . . complex samples
- Virus detection in complex biological samples P P

- Crucial for early virus detection (especially, novel threats)

- Bioinformatics analysis is a major obstacle/need in the field

SOURCE: https://www.insideprecisionmedicine.com/magazine-
editions/volume-6-issue-number-4-july-august-2019/mining-the-
microbiome-microbiome-startups-are-proliferating-exploring-

izi i ic-ni



https://www.insideprecisionmedicine.com/magazine-editions/volume-6-issue-number-4-july-august-2019/mining-the-microbiome-microbiome-startups-are-proliferating-exploring-new-markets-and-colonizing-diverse-therapeutic-niches/

TELEVIR Module - Project TELEVIR (OneHealth EJP)

- Implementation of a new module for virus detection from reads

\ J\

| |
New virus detection Genome-based surveillance-oriented

module modules



INSaFLU-TELEVIR: an open web-based bioinformatics suite for metagenomic
virus detection and routine genomic surveillance (influenza, SARS-CoV-2 and
other pathogens)

https://insaflu.insa.pt
New virus detection module SOON !

INPUTS OUTPUTS
VIRUS DETECTION (TELEVIR module)

v' Read quality analysis and improvement

v Sample metadata table
+

)
v" NGS data * .

v’ State of the art software
v" Modular Pipeline

*Compatible with distinct sequencing technologies:

v Multiple Classification methods
lllumina, lon Torrent and Oxford Nanopore

v Multiple Viral databases

v Summary statistics and intuitive and
interactive end-user reports

INSaFLU-TELEVIR development is being co-funded by the European Commission on behalf of OneHealth EJP

TELE-Vir project: https://onehealthejp.eu/jrp-tele-vir/




TELEVIR Module - Project TELEVIR (OneHealth EJP)

Virus detection from reads

Remove reads from host Keep the viral reads in the sample

Assembly; taxonomic classification
of reads and contigs

Reads/contigs are remapped against
reference genomes of the identified taxa

Summary statistics of the identified hits
and intuitive end-user reports



TELEVIR Module - Project TELEVIR (OneHealth EJP)

Virus detection from reads

Run

Pre-Processing

Assembly

Reads and Contigs Classification

Remapping

Pathogen Identification Multiple useful statistics in report

Cov Mapped start prop mapped_prop Windows mapping
Description Taxid acclD (%) Depth DepthC  reads (%) (%) Gaps Covered class. success success Warning
Infl A virus (AfKorea/426/1968(H2N2 t 8, complet
nfluenza A virus (A/Korea/426/1968(H2N2)) segment 8, complete 488241 NC_0073801 = 9857 1017 1142 16 015035 048222 4 33 reads reads
sequence
Infl A virus (A/New York/392,/2004(H3N2 t1, complet ds and
nfluenza A virus (A/New York/392/2004{H3N2)) segment 1, complete 0. 01 Nc 0073731 | 9842 4689 4773 87 081752 2.62206 2 33 reaasan reads
sequence contigs
Infl A virus (AfKorea/426/1968(H2N2 t 1, complet
nfluenza A virus (A/Korea/426/1968(H2N2)) segment 1, complete 488241 NC_0073781 9833 9601  97.81 188 176659 5.66606 3 33 reads reads
sequence
Infl A virus (A/New York/392,/2004(H3N2 12, complet ds and
nfluenza A virus (A/New Yor i equ’fence( Jsegment 2, complete  s.co41 NC.0073721 | 9757 41843  439.14 963 9.04905 29.02351 2 33 rii'mst;: reads

e

Horizontal coverage
Depth of coverage N and % of reads mapped



TELEVIR Module - Project TELEVIR (OneHealth EJP)

Virus detection from reads

nfluenza A virus (A/Korea/426/1968(HZMN2)) segment 8, complete sequence 482241 NC_007380.1 9857 1017 1142 16 0.15035 0.48222 4 33 reads reads
nfluenza A virus (A /Mew York/302/2004{H3M2)) segment 1, complete sequence 335341 NC_007373.1 9842 45.29 4773 a7 081752 2.62206 2 3 reads and contigs reads
nfluenza A virus (A/Korea/426/1968(HZMN2)) segment 1, complete sequence 482241 NC_007372.1 98.33 96.01 R 188 1.76659 566606 El 3 reads reads
nfluenza A virus (A /Mew York/302/2004{H3M2)) segment 2, complete sequence 335341 NC_007372.1 9757 418.13 43814 963 0.04805 2002351 2 3 reads and contigs reads
Database: /televir/mngs_benchmark/ref_fasts/refseq virsl.genomea fna.gz el length: 2341 contig string: NC_007372.1

Mapping Coverage

Each hit is an “expand-and-colapse” panel that can be further vizualized and explored
- Vizualization of coverage throughout reference genome

- Mapped reads and contigs can be downloaded for further confirmations



TELEVIR Module - Project TELEVIR (OneHealth EJP)

Virus detection from reads

Influenza A virus [A/Korea/426,/1968({H2M2)) segment 8, complete sequence 482241 NC_007380.1 9857 1017 1142 16 0.15035 0.48222 4 33 reads reads
Influenza A virus (A Mew York/302/2004{H3M2)) segment 1, complete sequence 33534 NC_007373.1 9842 45.89 4773 87 081752 2.62206 2 33 reads and contigs reads
Influenza A virus [A/Korea/426/1968({H2M2)) segment 1, complete sequence 482241 NC_007372.1 9833 96.01 a7 188 1.76659 66606 El 33 reads reads
Influenza A virus (A Mew York/302/2004{H3MN2)) segment 2, complate sequence 33534 NC_007372.1 97.57 418.13 43014 963 9.04905 2002351 2 33 reads and contigs reads
Database: i _benc  f: fseq_viralgenome fna gz el length: 2341 contig string: NC_0DT372.1 . .

-
000
g‘ 3000
Mapping Coverage g £
2000 sapped reads (.F3)
10004
o

For further information from viral genome (if there is sufficient coverage), the user can analyze the sample with

the “surveillance-oriented” modules in INSaFLU-TELEVIR (reference-based mapping, phylogenetic trees, ...)
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