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Whole genome sequencing:
Applications in vector-borne
disease virus surveillance
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Why Whole Genome Sequencing

(WGS)?




Genome characterization
Viral evolution
Emergence of variants

Changes in tropism or virulence
Assessing vaccine efficacy




WGS in the diagnostic pathway
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WGS: different strategies

Amplicon-based protocol (Virus-specific)
- Library enrichment by capture probes (Virus-specific)
 SISPA (Universal protocol)




@ nCoV-2019 sequencing protocol V.1 ~

P Forked from Ebola virus sequencing protocol
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Kentaro Itokawa', Tsuyoshi Sekizuka', Masanori Hashino, Rina Tanaka’,
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"National Institute of Infectious Diseases, Japan
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ABSTRACT

This protocol is folked from "ARTIC amplicon sequencing protocol for MinlON for nCoV-2019" by Josh Quick to adapt it toillumina
sequencers.

Becausethe PCR products are fragmented and ligated with adapters, this protocol is not restricted to 250 PE mode of MiSeq.

While the library preparation uses QiaSeq FX by Qiagen and is basically straight forward (as par kit instruction but set to 1/4 scale), some
tweaks for much of simplicity and speed were added.




How can I design a panel of primers?

Download reference sequences from
public databse (NCBI)

« Align the sequences by MAFFT

 Upload the alignment file on
PrimalScheme
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Selection of reference sequences for
probes design

National Library of Medicine Login

C atior

.
NCBI vl rus FindData~  Help~  How to Participate~  Submit Sequences v Contact Us
‘Sequences for discovery

Influenza virus Dengue virus Zika virus Ebolavirus
i Popular Searches
Explore Virus Data Z Rotavirus West Nile virus MERS coronavirus SARS-CoV-2 coronavirus

g AdvancedFilters for VisualFitersfor g ) OutbreskcSequence Selected Results: 0 Build Phylogenctic Tree
CenBank Sequences Statistics

GenBank Sequences

Applied Filters: | Virus/Taxonomy (1)
Refine Results PP
Nucleotide (24,191) ‘ Protein (8,001) ‘ NCBI Virus Assembly (2) @ Select Columns

Accession ¥ Organism Name % q% A i i Release Date ¥ Isolate © Species ¢ Lengi

Virus/Taxenomy +

West Nile virus,
tan 1082

Accession +

=S

NC 009342.1 —— West Nile virus RefSeq GCF 000875385.1  Faggioni,G.,,etal.  National Center for Biotec... 2007-10-19 38599 Orthoflavivirus nilense i

~
Expand Table

JJo|o|o|ojlo|loyoyo o

==

NC 001563.2 — West Nile virus RefSeq GCF 000861085.1  Melian,E.B.,etal.  National Center for Biotec... 1993-08-03 Orthoflavivirus nilense

Sequence Length +
Pv259849.1 West Nile virus GenBank Tupota,N.L., etal.  State Research Centerof ... 2025-03-29 980/Vietnam,/2020 Orthoflavivirus nilense

Ambiguous Characters
PV259850.1 West Nile virus GenBank Tupota,N.L., etal.  State Research Centerof ... 2025-03-29 1152/Vietnam/2020 Orthoflavivirus nilense

GenBank/RefSeq

PV089519.1 West Nile virus GenBank Aguero,M., et al. Laboratorio Central de Ve... 2025-03-08 SPA/2723-21/2024/brain Orthoflavivirus nilense

Assembly Completeness

PV021455.1 West Nile virus GenBank Papa,A., etal. Aristotle University of The... 2025-03-03 Orthoflavivirus nilense

Nucleotide Completeness

PV021456.1 West Nile virus GenBank Papa,A., etal. Aristotle University of The... 2025-03-03 Orthoflavivirus nilense

Isolate/Strain Name

PV021457.1 West Nile virus GenBank Papa A, etal. Aristotle University of The... 2025-03-03 Orthoflavivirus nilense

Genotype [
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DAICEL

A arbor Library enrichment
e by capture probes

magnetic
bead

/‘ Denature library, bind Bind to beads, wash Amplify enriched
to blockers and baits away off-target molecules library, sequence!




Metagenomic analysis

SISPA
Sequence-Independent

Single-Primer Amplification
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SISPA

RT Random FR26RV-N
5’ GCC GGA GCT CTG CAG ATA TC NNNNNN 3*

PCR Primer FR20RV
5’ GCCGGA GCTCTG CAGATATC 3’



When to use SISPA?

When no specific WGS protocol is available
For WGS of highly variable viruses (e.g. BTV, EHDV,

AHSV)

For metagenomic studies (e.g. vector virome analysi

For novel virus detection and discovery (e.g. SARS-
CoV-2)
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We ac raw sequencing Sample!

Metagenomic analysis by CZ ID

Metagenomic Analysis made Fast

The no-code, cloud-based bioinformatics tool for researchers

_ KRS ©

By cl

COUNTRIES PAPERS SAMPLES

156+ 121+ 320,000+

Get Started with 4 Simple Steps

All you need is a laptop and an internet connection to analyze your data.

Upload Samples Run Pipeline View Report

Visualize Data

s run concurrently in
ud through our
d pipeline

Nanopore




Comparing 23 Samples
—
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Metagenomic analysis by CZ ID
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SOME APPLICATIONS

- RVFV-Phylogenetic analysis, Molecular typing
 Aedes albopictus-Virome analysis

- Metagenomic analysis-Pathogens discovery




Rift valley fever virus

genome organization
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Amplicon-based protocol for RVFV

. viruses MoPy

Article
Using Multiplex Amplicon PCR Technology to Efficiently and

Timely Generate Rift Valley Fever Virus Sequence Data for
Genomic Surveillance

John Juma L2(3 Samson L. Konongoi L3 Isidore Nsengimana 45 Reuben Mwangi 1 James Akoko 1

Richard Nyamota ', Collins Muli !, Paul O. Dobi !, Edward Kiritu '), Shebbar Osiany !, Amos A. Onwong’a %7,
Rachael W. Gachogo 8 Rosemary Sang 32, Alan Christoffels 200, Kristina Roesel 10, Bernard Bett 1

and Samuel O. Oyola L+
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RT
Random hexamers
Lunascript

Amplicon-based protocol for RVFV

S5h30’ 20h

PCR
Specific Primers
Q5 polymerase

Libraries check
and Sequencing
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PCR purification Library
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Parameters definition

&3 Reference*

NC_014397.1, NC_014396.1, NC_014395.1
O Selected ) Clear
v 17 NC_014397.1

~ ~ T1J NC_014396.1

~ 17 NC_014395.1

Search...

Pipeline

Pipeline ()

GISAID IZ5AM

Pipeline ()

Enterotoxin . aureus
finder

Pipeline ()

Typing sui Batteri
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Bioinfo v

Pipeline ()

Mapping virus
segmentati

Pipeline (7
&
NgsManager
Pipeline (7
&
WHNV - lineage

calculation and mapping

Pipeline ()

nfcore/ampliseq

Pipeline ()

Pipeline Filtering &
Denovo

Pipeline ()

Obitools (beta)

Pipeline (7

Pipeline Mapping
Brucella

Pipeline (7

Target match LEO

Pipeline (7

Plasmids (AMR)

NGS DATA ANALYSIS

Pipeline (7

Covid Emergency

Pipeline (7

Processamento Raw
Reads
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Pipeline (7

DENY - serotype
calculation and mapping

Pipeline ()

QC fastqc

Dep

w Qv mv

g?, Superuser Genpat v

Nucleotide Details

NC_014397.1
Rift Valley fever virus segment L, complete
genome (Bird,B.H., et al.)

Attributes
Nuc Completeness: complete
Strain: ZH-548
Length: 6404
Mol Type: RNA
Isolate: blood
Geo Location: Egypt: Shargiya
Collection Date: 1377
Segment: L
Surveillance Sampling: false
Keywords: RefSeq

Publications
PubMed: 1 publication
BioProject: 1 project

Submitters Names
Bird,B.H., Khristova,M.L., Rollin,P.E., Ksiazek,T.G.,
Michol,S.T.

Organization

(Submitters' Institutional Affiliation)
Mational Center for Biotechnelogy Information,
NIH

Affiliation Location
USA




Check of the coverage

@ Add card 2686.1.3

[ Select all (ctrl+shift+a) No item selected

Q X Y e.C‘U Add to cart V)

Genpat sample Number of mapped reads

B &
0O 00O

2025.TE.2686.1.3 52231 4562.2

2025.TE.2686.1.3 142886 5217.29

[

2025.TE.2686.1.3 214602 48095.07

<
Sequence View Annotations Virtual Gel Fragments Text View Info

> Extract @ RC. & Translate () Add/Edit Annotation | ¢ Allow Editing 2> Annotate & Predict v (B save

1 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000

1 1 i I 1 1 > ) 4,500 5,000 5,500 6,000 6,400
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;
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Elicoérotein CDS'; CcDs b
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500 1.000 1.500 2,000 2,500 3.000 3.500 3.881

)
. 2025.TE.2686.1.3_SegS  m—
NP gene

Vertical coverage  Horizontal coverage

Fit colum

Consensus length 12 % IUPAC % Ns

0.984024 1654 0 0.242

0.99897 3881 0 0

0.995375 6400 0

Horizontal coverage: percentage of
reference genome that has been covered
by at least one read

Vertical coverage: the average number of
sequencing reads that cover each base in
the reference genome
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Genome constellation
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New RVFV Strain
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Phylogeography of Rift Valley Fever Virus in
Africa and the Arabian Peninsula

Abdallah M. Samy'2*, A. Townsend Peterson’, Matthew Hall**®

1 Biodiversity Institute, University of Kansas, Lawrence, Kansas, United States of America, 2 Entomology
Department, Faculty of Science, Ain Shams University, Abbassia, Cairo, Egypt, 3 Institute of Evolutionary
Biology, University of Edinburgh, Edinburgh, United Kingdom, 4 Centre for Immunity, Irfection and Evolution,
University of Edinburgh, Edinburgh, United Kingdom, § Department of Infectious Disease Epidemiology,
Imperial College London, London, United Kingdom



Graphical abstract
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Rift Valley fever virus coordinates the assembly
of a programmable E3 ligase

to promote viral replication

Huiling Li,"2* Yulan Zhang,' * Guibo Rao,'* Chongtao Zhang,' Zhengiong Guan,' Ziyan Huang,'- Shufen Li,"
Pierre-Yves Lozach,” Sheng Cao,'" and Ke Peng'-25"

15tate Key Laboratory of Virology, Wuhan Institute of Virology, Center for Antiviral Research, Chinese Academy of Sciences, Wuhan 430071,
People's Republic of China

2University of Chinese Academy of Sciences, Beijing 100049, People's Republic of China

3Université Claude Bernard Lyon 1, INRAE, EPHE, UMR754, Team iWays, Lyon, France

“These authors contributed equally

SLead contact

*Correspondence: caosheng@wh.iov.cn (8.C.), pengke@wh.iov.cn (K.P.}

https://doi.org/10.1016/j.cell.2024.09.008



Virome analysis of vectors

Virome profiling of Aedes albopictus o

across urban ecosystems in Guangdong reveals
sex-specific diversity

Qianlin Li', Jicheng Huang', Yanrong Zhou?, Qin Wu* Jian Zhou', Fengxia He', Lirun He', Yongxia Shi',
Cheng Guo® and Jun Dai'”




@ European Centre for Disease Prevention and @ Tronclte i paae C H I KV auto Chth Oonous cases
in Italy 2025

eO(SC control Enter your keyword(s) On

=" An agency of the European Union

a Infectious disease topics v Publications and data + Training and tools About ECDC +

Home = Infectious disease topics >~ Chikungunya virus disease > Surveillance and updates - Seasonal surveillance in the EU/EEA for 2025

Surveillance and monitoring

- cases in 2025 till 10 September 2025
Seasonal surveillance of chikungunya virus

disease in the EU/EEA, weekly report

Week 37, 2025

Based on data submitted up to 10 September 2025

Q, Search...

® Number of cases: 1
Date of first onset: 2025-08-
27

Castel San Giovanni
Cluster: Closed

Number of cases: 1

Date of first onset: 2025-07-
09

Soliera

Cluster: Active

Number of cases: 7

Date of first onset: 2025-08-
24

Carpi

Cluster: Active

Number of cases: 125

Date of first onset: 2025-08-
02

San Prospero

Cluster: Active

Number of cases: 2

Date of first onset: 2025-08- " - i
12 Powered by Esri
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WGS CHIKV-samples selection

Positive samples
Ct <30
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Host DNA depletion,
RNA purification and
concentration

clean &
entrator

SISPA
protocol

PCR purification
Quantity Check
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SISPA workflow
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Aedes albopictus-
CHIKV identification

Taxa which are not present in the sample are represented by white cells. Taxa filtered out in this view have been hidden or grayed out. 1 filter(s) applied:

Categories: Viruses
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lllumina mMNGS Pipeline v8.3 | NCBI Index Date: 2024-02-06 | processed 19 days ago | SAMPLE DETAILS

< Chikungunya_insetti

DS15453941-DT250827_2025.TE.19503.2.7 v @

Metagenomic

Taxon name Q Name Type: Scientific v Background: None v Categories: 1 Threshold filters ~ Read Specificity: Specific Only v Annotation v Pathogen Flags v

Report values are computed from 2.496.272 reads (2.000.000 unique reads) subsampled randomly from the reads that passed host and quality filters.

=z] 14
47 rows passing the above filters, out of 5048 total rows CLEAR FILTERS
NT
> Taxon Score Z Score rPM v r con... con... Y%id L Ev... NR
) . ) 2,964.7 8,697 1 8,338 98.9 10,751.7 1083
v [ Alphavirus ( 5 viral species: ®3 ) - - oo
2,928.2 8,590 1 8,338 98.2 2,307.6 10
. . 2,964.7 8,697 1 8,338 98.9 10,751.7 1083
> Chikungunya virus . - -
2,925.1 8,581 1 8,338 98.2 2,3103 10
< Chikungunya_insetti lllumina mNGS Pipeline v8.3 | NCBI Index Date: 2024-02-06 | processed 19 days ago | SAMPLE DETAILS

DS15453941-DT250827_2025.TE.19503.2.7 v @

Metagenomic

Chikungunya virus Coverage Q @

KX262996.1 - Chikungunya virus strain CHIKV/Homo sapiens/CMR/... v

®

NCBI Reference KX262996.1 - Chikungunya vi... Aligned Contigs 1 Coverage Depth 97.1x Max Alignment Length 11022
Custom Reference Aligned Loose Reads 42 Coverage Breadth 97.1% Avg. Mismatched % 0.7%
Reference Length 11570
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‘513 GenPat Platform

Navigation Q <

@ Check of the reads
@ Check of the species
@ Check of taxa
@ Check of the coverage
@ Cgmist check
@ Kleborate
(3] View FASTQC
@ Quality checks for ML..
> D Downloads
v D Uploads
@ Upload
|Z| Upload from NCBI
@ Check uploads
> D Reference
> D EFSA submissions

> D Surveillance

Run analysis

Search...

e All

1PP_downsampling

2AS_hybrid

1ZS.1T

Single sample Multi sample

1 Pre-proc... ()

2 Assembly ()

3TX_class 3TX_species

0 Cart v 'U 1 v Eg v Q v |I| v ,g’, Bioinfo v

Nucleotide fasta "2
Upload Da NCBI ()

[ Tool description

Upload di files fasta dal database 'Nucleotide’ ('nuccore’) di NCBI

L Species*

Chinkungunya virus (CHIKV)

& Accession number(s)*

/
KX262996]

AN IR W . ¢ o genpatizsit/cmdbuild/ui/#classes/RIS_CHECK_COVERAGE/cards/153587708

Navigation

@ Welcome page
> B3 Main objects

1 Pre-proc...[C) 2 Assembly [0y > B Filter samples
o > B Analysis
v B Report
°
. (] Reports
1PP_trimming 2AS_denovo
v ) petail
D3 Main quality Check
ﬁl Listeria Samples
3 Taxonomy () 3 Taxonomy ()

7l sars-cov2 samples

v B Checks

(3 Check of the species

@ Check of taxa

8 | &% 1ZSAM  see African Swine Fever...

D & ’ié GenPat Platform

[ Check of the assembly

[ Check of the reads

E= Nextdlade i manuscriptdocx Y Piattaforma GenPat,... S CMDBuild - Piattafo...

Check of the coverage

@ Addcard JESSIEY Q x)(¥ eo W Addtocart | v)

O Selectall (ctrisshift+a)  Noitem selected

Genpat sample Vertical covera... | Horizontal coverage Number of ma... Minimum verti...

2025.TE.19503.2... 107.746 0996111 8416
( & A . -
@ card [ Notes Relations (O History [ Emails

Base data
Code Description
250828115223131-15453941-2AS _mapping-ivar 250828115223131-15453941-2A5_mapping-ivar
Analysis result Genpat sample
250828115223131-15453941-2AS_mapping-ivar “ 2025TE.19503.2.7 ]
DS Sample Notes
15453941 mapping on KX262996.1
Vertical coverage Horizontal coverage
107.746 0996111

@ Single Sign On - Cin.. @ Carbonio Client » [ Tuttii preferiti

% 1UPAC %Ns Consens...

Q % @

g8y Qv Mv 2 siinfo v
*

2 Item

Fitcolmns @ @ )

0.026 o 11524




Aedes albopictus-
virome pro
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Aedes flavivirus

cercopith 3

1

Taxa which are not present in the sample are represented by white cells. Taxa filtered out in this view have been hidden or grayed out. 1 filter(s) applied:

Showing NT.rpm for 10 taxa per sample on a symlog scale; Background: None.
Categories: Viruses
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SISPA for Virus discovery




CASE REPORT:
TWO HAFLINGER HORSES

- 18-month-old foal

- 7-year-old mare




Histopathological and molecular diagnosis

cles
Created in BioRender.com bio

Negative
for
common

pathogens




BRONCHOPNEUMONIA,
NECROTIC LYMPHADENITIS

C
A
A. Severe multifocal necrosis G o
B. Thickening of pleura and SEIE
interlobular septa K oA
C. Multifocal bronchopneumonia ;
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BRONCHOPNEUMONIA,
VIRAL INFECTION INDICATED

D. Sero-fibrinous and purulent exudate

E. Lymphocyte, plasma-cells and
eosinophilic granulocytes infiltrate

F. Perivascular inflammatory infiltrate
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» JVirol. 2025 Jan 24;99(2):e02144-24. doi: 10.1128/jvi.02144-24 [

[ KC807178.1/Houston_virus/USA/Aedes_albopictus/2010

KC807175.1/Houston_virus/USA/Culex_quinquefasciatus/2004

- KC807177.1/Houston_virus/USA/Aedes_albopictus/2010

[ KC807176.1/Houston_virus/USA/Culex_quinquefasciatus/2004
KJ475851.1/Nam_Dinh_virus/USA/Culex_quinquefasciatus/27-Jul-2004

Insect-specific Alphamesonivirus-1 (Mesoniviridae) in lymph node and - MH443059.1/Houston_virus/Mexico/Culéx_quinquefasciatus/2017
- MH719099.1/Houston_virus/Mexico/Culex_quinquefasciatus/2008

lung tissues from two horses with acute respiratory syndrome | MH188023. 1/Houston_virus/USA/Culex_sp/02-Jul-2016
MH188022.1/Houston_virus/USA/Culex_sp/02-Jul-2016
MH520103.1/Alphamesonivirus_1/South_Korea/Culex_pipiens/05-Oct-2016

Lucija Jurisic »>2, Heidi Auerswald *, Maurilia Marcacci *, Francesca Di Giallonardo 3, Laureen M Coetzee 124, MH520102.1/Alphamesonivirus _1/South _Korea/Culex_pipiens/19-Sep-2016
MH520104.1/Alphamesonivirus_1/South_Korea/Culex_pipiens/10-Oct-2016

: | : . 1 i 5 21 - . 1 MH520106.1/Alphamesonivirus_1/South_Korea/Culex_pipiens/21-Jun-2016
Valentina Curini -, Daniela Averaimo -, Ayda Susana Ortiz-Baez °, Cesare Camma -, Giovanni Di Teodoro -, KU095838.1/Alphamesonivirus 1/South Korea/Culex pipiens/16-Aug-2012
i 6 5 i = 1 MH520101.1/Alphamesonivirus_1/South_Korea/Culex_pipiens/17-Oct-2016

Juergen A Richt ®, Edward C Holmes >, Alessio Lorusso MH520105.1/Alphamesonivirus_1/South_Korea/Culex_tritaeniorhynchus/25-Oct-2016

MH520100.1/Alphamesonivirus_1/South_Korea/Culex_pipiens/14-Oct-2016
MN101550.1/Alphamesonivirus_1/Brazil/Aedes_albopictus/11-Nov-2017
MT197495.1/Alphamesonivirus_1/Brazil/mosquito/2017

MW699044.1/Alphamesonivirus_1/Belgium/Culicidae/2019

99MK440619.1/Nam_Dinh_virus/Sweden/Culex_sp/2009

Consensus_2021.TE.311330.2.4_ltaly_horse

sConsensus_2021.TE.311330.2.10_ltaly_horse

4 2018.TE.13616.1.3_Teramo_Culex_pool
MF281710.1/Alphamesonivirus_1/Italy/Culex_pipiens/2008

MH215275.1/Alphamesonivirus_1/Austria/Uranotaenia_unguiculata/14-Sep-2016

0OV054251.1/Alphamesonivirus_1

L MT096515.1/Alphamesonivirus_1/Spain/insect_pool/2015

[ MT514349.1/Nam_Dinh_virus/Australia/mosquito/14-Oct-2014

MT514350.1/Nam_Dinh_virus/Australia/mosquito/14-Oct-2014
MF176279.1/Alphamesonivirus_1/Australia/Culex_australicus/07-Sep-2015
- MT514348.1/Nam_Dinh_virus/Australia/mosquito/28-Oct-2014
- MT514351.1/Nam_Dinh_virus/Australia/mosquito/16-Apr-2013
NC_015874.1/Nam_Dinh_virus/Viet_Nam/mosquito/2002
KF522691.1/Nam_Dinh_virus/China/Culex_pipiens/12-Aug-2011
KC807170.1/Alphamesonivirus_1/Indonesia/Culex_vishnui/17-Nov-1981
KF771866.1/Nam_Dinh_virus/China/mosquitoes/15-Jul-2009
r LC497421.1/Cavally_virus/Ghana/Aedes_aegypti/2015-10
NC_015668.1/Cavally_virus/Cote_dlvoire/Aedes_harrisoni/Mar-2004
KC807169.1/Bontang_virus/Indonesia/Culex_vishnui/14-Oct-1981
A KC807167.1/Bontang_virus/Indonesia/Culex_tritaeniorhynchus/06-Oct-1981

100

KC807168.1/Bontang_virus/Indonesia/Culex_vishnui/13-Oct-1981
L KC807166.1/Bontang_virus/Indonesia/Culex_vishnui/1981
100 KC807173.1/Kamphang_Phet_virus/Thailand/mosquito_pool/1984

l KC807172.1/Kamphang_Phet_virus/Thailand/mosquito_pool/1984
| KC807174.1/Kamphang_Phet_virus/Thailand/mosquito_pool/1984
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Thanks for your attention

Genomic unit

Bioinformatic unit

Diagnostic and surveillance of exotic disease
unit

Virology unit

Entomology unit
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