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How far did you get in the
practical exercise between the two
sessions? (single choice)

o %I'he Slido app must be installed on every computer you're presenting

rom slido


https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design

If you have used command-line pipelines
or GUI, which software or workflow
managers do you prefer?

® The Slido app must be installed on every computer you're presenting

gne slido



https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design

What kind of difficulties did you
face doing the exercise ?
(multiple choice)

o %I'he Slido app must be installed on every computer you're presenting

rom slido


https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design

How confident do you feel using the
tools and pipelines after this
exercise? (single choice)

® The Slido app must be installed on every computer you're presenting

gne slido


https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design

Scenario reminder @c

Sequencing and data analysis

« Following the positivity of the samples in RVFV RT-qPCR, characterization of the circulating
virus is needed by sequencing

« The new rotation team arrived on the field in Mayotte with a pool of primers previously
designed to amplify the RVFV S Segment

« The 4 positive samples were sequenced to obtain the segment S of the virus with the following
conditions :

Amplification step : mPCR designed to cover S segment of RVFV (~400 bp amplicons)
« Library kit: Native Barcoding Kit 24 V14 (SQK-NBD114.24)
- Device: Nanopore Mk1D
* Flowcell: R10.4.1




JEENEEES
Analysis overview @ C

DISEASE FREVERTION

Workflow for RVFV Seg S Nanopore Data (4 Samples) FASTQ Files

Step 1: Real-time data visualisation 1.Visualisation
Visualize sequencing data as it is generated using Rampart

Step 2: Consensus sequence generation 2. Consensus
i - i . sequence generation
Process reads with amplicon-nf to produce high-quality consensus
sequences
. ) . ) 3. Lineage
Step 3: Phylogenetic analysis — lineage assignment assignment

Construct a phylogenetic tree to determine the RVFV lineage

4. Virus origin

Step 4: Phylogenetic analysis — virus origin

Build a second tree to infer the origin of the virus (introduction vs.
re-emergence)
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Training Resources & Example Files &

RawData mmeen  faStq_pass paaemms BC01/BC02/BC03/BC04
json.files STEP 1
t Vi . i
/ TEEEL . references.fasta* Visualisation
ConfigFiles

primer.bed STEP 2

\ reference.fasta* Consensus

amplicon-nf generation
samplesheet.csv

<

lineage ——— DBLineage.fasta

STEPS 3 & 4
Phylogeny

origin ——  DBOrigin.fasta

quick_help.pdf
Warning references.fasta AND reference.fasta are not the same files ‘



l, ) )
\é‘ Disclaimer @c

The files provided for this exercise were generated specifically
for this webinar and should not be used in any other context.
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Step 1: Real-time data visualisation

CCOC
Time is crucial during an outbreak, and Rampart provides a real-time For installation and documentation
overview of genome coverage and reference matching for each > https://github.com/artic-network/rampart
barcode. >  https://qgithub.com/artic-network/artic-ncov2019

Quick installation

Step 1: Install WSL2 (Windows Subsystem for Linux, Ubuntu distribution, for example) @ Ubuntu
Step 2: Install conda

wget https://repo.anaconda.com/miniconda/Miniconda3-latest-Linux-x86_64.sh #To download script to install conda
chmod 775 Miniconda3-latest-Linux-x86_64.sh #To modify permissions
bash Miniconda3-latest-Linux-x86_64.sh #To execute the script

Step 3 : Install RAMPART with the artic-ncov2019 environment

git clone https://github.com/artic-network/artic-ncov2019.git  #To clone the artic-ncov2019 environment from git

cd artic-ncov2019 #To go into the artic-ncov2019 directory
conda env create -f environment.yml #To create the artic-ncov2019 environment
source activate artic-ncov2019 #To activate the artic-ncov2019 environment
rampart --help #To test rampart installation and usage


https://repo.anaconda.com/miniconda/Miniconda3-latest-Linux-x86_64.sh%20chmod%20775%20Miniconda3-latest-Linux-x86_64.sh
https://github.com/artic-network/rampart
https://github.com/artic-network/artic-ncov2019
https://github.com/artic-network/artic-ncov2019.git

Step 1: Real-time data visualisation

N
DISEASE FREVERTION

Configuration files

v 4 .jsonfiles

- genome.json — describes the reference genome being sequenced

«  primers.json — describes the positions of amplicons across the genome

- protocol.json — describes the purpose of the protocol

«  run_configuration.json — contains information about the current sequencing run

v 1 .fastafile
- references.fasta - file with reference sequences to perform mapping

In this fasta file, we have included sequences from different lineages of the S segment of the virus
using this notation: AccessionNumber_Lineage

example EU312106 C
DQ380155 K ...



Step 1: Real-time data visualisation

Configuration files description

genome.json File Structure

« “label”: ampliseq name

- "length”: Total genome length of reference

sequence

« “genes’: Annotated regions (genes, ORFs,...)

with “start” and “end” positions

- “reference” :
“label”
“accession”
“sequence”

DISEASE FREVERTION

S segment (1.7kb)

N mRNA Q

"label": "RVFV S segment Mayotte",
"Iength™: 16921 ,
"genes": {
"Hes": 4
Wstart" : 3§,
"and”: 832,
Wsitrand™:
}o
"NP":
Wstart" : 916,
"end": 1653,
Wstrand™y 1L

}
b

"reference": {

"label": "HE687307 S Mayotte",

"accession":
"seguence" :

"HE687307",
"ACACAAAGACCCCCTAGTGCT




Step 1: Real-time data visualisation

Configuration files description

primer.json

- "name”: : primer scheme name
- “amplicons”: List of PCR amplicons with start and
end positions

"name": "ERI-CIBU RVFV primer scheme v1.0",

"amplicons":

[7, 4137,
[330, 7311,
[635, 10547,
[959, 13601,
[1272, 1681]

[

protocol.json
Defines the experimental protocol {
A\ ”, "name": "ERI-CIBU Rift valley fever virus protoccl v1.0",
name " "description": "Amplicon based sequencing of Rift valley fever virus.Mayotte",
A\ H H n, "url": "http://artic.network/"
dESCI‘IptIOI‘l : - PR
A\ 1/4
url”:




Step 1: Real-time data visualisation

Configuration files description

run_configuration.json

« “title” Defines the sequencing run settings

« “samples”
* “name”; Label of the sample
« “description”: Sample description information
« “barcodes”: barcode name

For each sequencing run, edit this run_configuration.json
file to assign the sample label to each barcode.

All previous JSON files and the references.fasta are
specific to the designed Ampliseq RVFV S segment.

{

"title": "ECDC ERI-CIBU
"samples": [

{

"name": "samplel",
"description": "",
"barcodes": [ "BCO1"

llname": llsamplQZIl,
"description™: "",
"barcodes": [ "BCO0O2"

"name": "sample3",
"description™: "",
"barcodes": [ "BCO3"

"name": "sampled",
"description™: "V,
"barcodes™: [ "BC04"

2026-04-15",

DISEASE FREVERTION




Step 1: Real-time data visualisation

references.fasta

RAMPART read Assignme

Experiment: ECDC ERI-CIBU 2026-04-15
25756 reads mapped | 37243 processed | calculating rate...
° Server messages 21:48:56 new data (t=6554s, 26754 mapped, 38244 processed)

AR TIC networn

[Q Pipeline: Annotate re:  online

[Q Pipeline: Export reads  online

25,0004 JQB20472_C
6000x -
20,000

5000x — ONQ60792_C

4000x — 1 D = 15.00
| { JQB20473 C

3000x 4 =~
2000% DQ380169_C
1000x | | unmapped
B e —
G - 1060y ! T T T
(10hp 000hp 1500bn 33m20s 01h06m40s 01h40m00

m

NS NP

[ © samplet 11990 reads mapped | 12277 pro
l @ sample? 814 reads mapped | 7370 processed | 1 reads/sec

run_configuration.json




Step 1: Real-time data visualization- RAMPART Launch @c

ELRGFEAN CENTRE
DISEASE FREVERT
AMD CONTROL

1. Edit the run-configuration.json file to assign to each barcode the label of the sample

BCO1 => samplel
BC02 => sample2
BCO3 => sample3
BC04 => sample4

2. Activate the artic-ncov2019 environment or artic-rampart

source activate artic-ncov2019

3. Launch visualisation

rampart E=basecalledPath lpath_to/Training/RawData/fastq_pass \

==protocol |path_to/Training/ConfigFiles/rampart/vi/ \

4. Visualisation results using any browser
goto http://localhost:3000

navigate through the interface d



http://localhost:3000/

— " Training x + = o x

& = T c [J » CePC » RazerBlade16(C) > Training > Rechercher dans : Training Q

US # Mouveau - ; Tl Trier ~ = pfficher - wes [T Deétails

% Accueil

| Galerie

il Bureau  #
o Télécharg #
& Documer #
M Images #
& Musique #
O vidéos #
Wcepc #

Présentat #
T Training
"~ reslineag #

~ lineageTree

» il OneDrive

v B CePC
o &5 Razer Blad)
» am @home i\
> g @CIBU (g
5w PGP Work

H t Réseau

~ ) tinux
» I epi2me

'\. Y I

& S reenti)

Mom

Madifié le

Type

Taille

" ConfigFiles

09/04/2026 1716

Dossier de fichiers

7 Databases
T RawData
" Results
“ Tools

080472026 16:21
12/04/2026 1149
12/0472026 11:49

12/04/2026 11:49

Dossier de fichiers
Dassier de fichiers
Dossier de fichiers

Dossier de fichiers




Step 1: Real-time data visualisation

Example of Co-circulation of two RVFV Lineages in the same sequencing run
RAM PART Read Assignment, Mapping, and Phylogenet;

Experiment: Mauritania Mayotte
25688 reads mapped | 76277 processed | calculating rate...

o Server messages 13:39:42 new data (t=100318952s, 25688 mapped, 76277 processed)
[Q Pipeline: Annotate re.  running

ARTICnetwork

[Q Pipeline: Export reads  online

7000x 5 25 000 3
25,0004 KY196500_H

6000x
20,0004 . 1Q820472_C
5000x i

4000x ) N / T 15,000 ON060792_C

3000x | JQ820473_C
1 10,000

2000x - DQ380169_C

5,000

1000x -
unmapped

T T 0
1000bp 1500bp Os 16?“'3’3!1“205

l o = 11990 reads mapped | 12277 |“| 0 readc/car
l @ Mauritania 13698 reads mapped | 64000 processed | 16 reads/sec

A This example is provided for illustration only and does not represent real results of the exercise.
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DISEASE FREVERTION
AND

Step 2: Consensus sequence generation @c

Amplicon-nf m CH2ME
Pipeline Overview:
— QC & filtering (filter low-quality reads) —_—
o Mapping (reference genome) C
'@' — Primer trimming (ARTIC/Custom scheme)
amplicon-nf  —s Variant calling
— Consensus sequence generation

— QC & reporting
Outputs: Consensus FASTA, VCF, BAM, QC reports...

https://aithub.com/artic-network/amplicon-nf



https://github.com/artic-network/amplicon-nf

Step 2: Consensus sequence generation &

B PRVENTIN

Amplicon-nf installation — command line '@

amplicon-nf
Step 1: Install Nextflow and Docker
curl -s https://get.nextflow.io | bash # Download and install Nextflow
chmod +x nextflow # Make the Nextflow file executable
mkdir -p $HOME/.local/bin/ # Create a local bin directory for user programs
mv nextflow $HOME/.local/bin/ # Move Nextflow into the local bin folder
sudo snap install docker # Install Docker using the Snap package manager
sudo apt install docker.io # Install Docker using the apt package manager
sudo apt install podman-docker # Install Podman
Step 2: Install amplicon-nf pipeline
nextflow pull artic-network/amplicon-nf # Download or update amplicon-nf pipeline
nextflow run artic-network/amplicon-nf --help # Check that amplicon-nf is installed

« Docs: Installation of nf-core dependencies
 https://github.com/artic-network/amplicon-nf



https://nf-co.re/docs/usage/installation/
https://github.com/artic-network/amplicon-nf

e
Step 2: Consensus sequence generation &

-~

o,

Amplicon-nf installation — EPI2ZME desktop I\,
amplicon-nf

Step 1: Install EPI2ME desktop (Nanopore account needed)
Step 2: Import and install amplicon-nf pipeline in EPI2ME: : https://github.com/artic-network/amplicon-nf

L
— EPI2ME

reh workflows and analyses

-
- Workflows 4 ~ Import workflow - Filter workflows
Home

> Amplicon-Nf 16s
Launch Amplicon genome cssembly for ARTIC style primer schemes using Nextflow. Taxenemic classification of 165 rRNA gene sequencing data.

* community [=] » wi-lés  » torgeted  ® 185

]

Results
Alignment

AAV-QC
QC of recompinant adeno-associated viral vector {fAAY) preparations. Align nanopore sequencing data and visualize mapping statistics.

* wi-oov-qc e 0av e gene terapy ® wi-giignment e minimapz  + mapping

Install workflow from GitHub

Input the address of a Nextflow workfiow project from GitHub and press import. Note: If you close
this modal, the install will carry on in the background. ‘

hnps://gnhub,com/umc-ne(work/cmphcon-nq
« Q  Search workflows and analyses
Download
- .
- amplicon-nf Lostused Never Totolruns 0 M
Home 5
3 : Run Locall, Run In Cloud
> artic-network/amplicon-nf N Run Looatly & RunnClo
Lounch
In‘rOduc'ion
L arti icon-nf is a bioinformatics pipeline that takes sequencing reads generated from ARTIC-style
Result: 2
N viral amplicon schemes, them into and runs some basic quality Options v
control on the outputs,
Instolled version
Acknowledgements o
0.2.1dev

amplicon-nf: Running the pipeline in EPI2ME for Oxford Nanopore Data | ARTIC network - pathogen genomics from sample to response
« EPI2ME downloads and resources | EPI2ME Blog



https://artic.network/amplicon-nf/amplicon-nf-epi2me-sop-ont.html
https://epi2me.nanoporetech.com/downloads/
https://github.com/artic-network/amplicon-nf

1)

Step 2: Consensus sequence generation @ &

amplicon-nf aerein e on

DISEASE FREVERTION

@ — EPI2ME

Output summary

Generate a samplesheet in CSV format
a. sample: define sample name
b. platform: precise the sequencing platform (nanopore/illumina)

B

B Downlead sutput Ales (zip archive)

c. custom_scheme_path: for custom primer design, add the path to the primal scheme oo —
output file Training/ConfigFiles/amplicon-nf/custom/V1
|— primer.bed i.a.:l
L reference.fasta
d. fastq_directory: add fastq file directory output for each barcode o
Training/RawData/fastq_pass
L BCXX/ B simsimmtonse

Samplesheet.csv - template

sample,platform,custom_scheme_path,fastq_directory
samplel,nanopore,path_to/Training/ConfigFiles/amplicon-nf/custom/V1,path_to/Training/RawData/fastq_pass/BC01
sample2,nanopore,path_to/Training/ConfigFiles/amplicon-nf/custom/V1,path_to/Training/RawData/fastq_pass/BC02 Training/ConfigFiles/amplicon-nf/
sample3,nanopore,path_to/Training/ConfigFiles/amplicon-nf/custom/V1,path_to/Training/RawData/fastq_pass/BC03
sample4,nanopore,path_to/Training/ConfigFiles/amplicon-nf/custom/V1,path_to/Training/RawData/fastq_pass/BC04

Samplesheet.csv is available in



e
Step 2: Consensus sequence generation &

2) Select pipeline settings — Pipeline settings

— EPI2ME GUI
: O i n . @ Command line

=
= amplicon-nf Lastused 6 Hours Ago Total runs 29 n

Home

a. Input: path to the nextflow run artic-network/amplicon-nf \
samplesheet.csv > Setu el onobyels a a path to

H Launch
preVIOUSIY Created Input/output options
X Define where the pipeline should find input data and
i save output data. Path to comma-separated file containing information about
the samples in the experiment. [+] Expand

Input

Results
% Pipeline Settings Select a path & x
General settings which change the behaviour of the . .
e Must have required property ‘input nextflow run artic-network/amplicon-nf \
b. Outdir: path to Nanopore (ONT) Pipeline Settings = 'input path tO/SampleSheet .CSV
v

the results directory bbbl | b 2t i /results

The output directory where the results will be saved. You

lllumina Pipeline Settings have to use absolute paths to storage on Cloud
Vv Settings which change the behaviour of the pipeline infrastructure.
specifically for the lllumina workflow.
output |7 x
Generic options
v

Less common options for the pipeline, typically set

c. Store_dir: path to AR Path containing FASTQ files or barcode directories. next'F].OW Pun a Ptic = netWOI"k/ampliCOH- n'F \
the Storage directory Nextflow configuration Path containing FASTQ file pairs (for lllumina) or barcode - input path tO/ SampleSheet . CSV

%, directories (for Nanopore). The pipeline will only try to
Additional configuration options including some

. - g match your input samplesheet CSV to the contents of this e !
(not needed I n Nextiow i ptions directory if FASTQ files or directories are not provided. OUtd ir path to/ resu 1t S

EPI2ME) L oath ol

AAAAAAAAAAA [N ~

° 4 Launch workflow

Settings




Step 2: Consensus sequence generation &

B
2) Select pipeline settings — Pipeline settings

==

EPIZME GUI
. @
Command line
d. Normalise depth: Setup local analysis d
Reduce calculation time S— B . . amols .
by normaIiZIng mapplng & Efi:‘:.ﬂfi:‘: plpeline shodld g apg dete end :\iohr;:j;j:z':‘slquencing coverage to normalise the ne).(t :W r‘i’r: :r‘;lc-nitwﬁr‘ éamp e Ul \
depth to a CutOﬁ: Value primertrimmed BAM files to. Set to 0 o disable --1inpu . pa O/samplesheet.csv
- 200 (by default) Pipeline Settings normalisation. [+] Expand --outdir path to/results
O e e in 200 --store_dir path to/storage

e. Min coverage depth: e nextflow run artic-network/amplicon-nf \
Minimum Coverage depth Nanopore (ONT) Pipeline Settings Min coverage depth - -inpu‘t path tO/SampleSheet .CSV
for a position to be O Minimum coverage depth for a position to be included in --outdir path to/results
. ; the consensus sequence. [+] Expand .
included in the consensus - N --store_dir path to/storage
Seq uence v !LL:::;U\\:,‘I\S:tln‘:n?]:it::izl‘uv'o.;rUf115 pipeline -~ norma lise—depth 2@9

9 20 (by defa u |t) specifically for the llumina workflow. e




Step 2: Consensus sequence generation

2) Select pipeline settings — Nanopore (ONT) Pipeline Settings

f. Model: specify the
basecalling model of the

run 2>
r1041_e82_400bps_fast_g632

g. Minimum read
length > 300

h. Maximum read
length > 700

— EPI2ME GUI

Setup local analysis

Input/output options

Define where the pipeline should find input data and
save output data.

Pipeline Settings

General settings which change the behaviour of the
pipeline for both ONT and lllumina workflows.

Input/output options

Define where the pipeline should find input data and
save output data.

Pipeline Settings

General settings which change the behaviour of the
pipeline for both ONT and llumina workflows.

Nanopore (ONT) Pipeline Settings

Settings which change the behaviour of the pipeline
specifically for the Nanopore (ONT) workflow.

llumina Pipeline Settings

Settings which change the behaviour of the pipeline
specifically for the lllumina workflow.

f

Manually specify clair3 model for the nanopore workflow

Override auto-detected basecaller model that processed
the signal data; used to select an appropriate Clair3
model. [+] Expand

r1041_e82_400bps_fast_g632 ~ x

Minimum read length for ONT reads to pass read length
filtering in guppyplex

Minimum length of a read to pass read length filtering.
[+] Expand

300

hl_~

Maximum read length for ONT reads to pass read length
filtering in guppyplex

Maximum length of a read to pass read length filtering.
[+] Expand

Ak
——

= Q

nextflow run artic-network/amplicon-nf \

--input path to/samplesheet.csv
--outdir path to/results
--store_dir path to/storage
--normalise_depth 200
--min_coverage_depth 20

nextflow run artic-network/amplicon-nf \

--input path to/samplesheet.csv

--outdir path to/results

--store_dir path to/storage

--normalise_depth 200
--min_coverage_depth 20
--manual_clair3_model

rlo4l e82 400bps fast g632




[ [ = | Taining
IR -

L v @ » CePC » Disquelocal (C:) » ECDC » Training * w B

Rechercher dans : Traaning
A Nom Madifié le Type
& Accés rapide
amplicen-nf_results 10/04/2026 14:07 Dossier de fichiers

I Bureau - ; themees
Canfig 10/04/2026 10:55 Dossier de fichiers
Databazes 10/04,/2026 10:54 Dossier de fichiers
RawData 10042026 10:54 Dossier de fichiers
=] Images 3 Results 100472026 10:54 Dassier de fichiers

ThermoClient Nord 28 3 Toals 10/04/2026 10:54 Dossier de fichiers

4 Téléchargements

[ Decuments

amplicon-nf b Cuick_help.docx DB/04/2026 16:23 Document Microsoft W...
amplicon-nf
Présentations_PGP

Training
@ OneDrive
@ OneDrive - Perscnal

B CePC
[ Bureau
=] Decuments
| Images
JII Musique
- Objets 30
4 Téléchargements
. Vidéos
i Dizque local (C)
= @home (\\gaia.pasteur.fr) (H:)
= ngsPGP (\\helicpasteur.friprojects) (5:)
== SmellPark-Metabolome-pmo (\Wheli.pasteur.fr
== sam (\\gais.pasteurfr) (U
== projects (Vihelie pasteur.fr) (V:)
=x ngsPGP (\zews.pasteur.fr) (W:)
o CIBU_MOT [\\atlas.pasteur.fr) (X:)
== PGP_Woerk (\\helix.pasteur.fr\ projects) (Y:)
= @cibu (\\gaia.pasteurfr) (Z)

o Réseau

,ﬁ Liro:

7 éément(s)




Step 2: Consensus sequence generation &

ELRGFERR CENTRE FOR
DISEASE FREVERTION
AMD CONTROL

Note: In this example, all other pipeline settings are left at their default values. Please refer to
the documentation for details of the available options.

3) Launch workflow

— EPI2ME GUI

inspiring_lamport ® completea + Options
Details Reports Files Logs amplicon-nf 0.7.4 &2 A PEYPLEX samplel
ARTIC_MINIOMN (samplel
SEQKIT_REPLACE ONT (samplel
Progress
© Runtime Im 7s Created 01/04/2026

. AL TGNTRIM
SAMTOOLS_TMDEX

ARTICNETWORK_AMPLICON_NF:AMPL... Task 1/1

SAMTOOLS_FATDX

FREEBAYES
ARTICNETWORK_AMPLICON_NF:AMPL... Task 1/1 PROCESS_GVCF

BCFTOOLS_NORM

BCFTOOLS_VIEW
BCFTOOLS_CONSEMSUS_AMBIGUOUS
BCFTOOLS_CONSENSUS_FIXED

ARTICNETWORK_AMPLICON_NF:AMPL... Task 1/1

ARTICNETWORK_AMPLICON_NF:AMPL... Task 1/1

ARTICNETWORK_AMPLICON_NF:AMPL... Task 1/1

ARTICNETWORK_AMPLICON_NF:AMPL... Task 1/1 SEQKIT_REPLACE TLLUMINA
SAMTOOLS COVERAGE (samplel
ARTICNETWORK_AMPLICON_NF:AMPL... Task 1/1 SAMTOOLS DEPTH (samplel

RATE_SAMPLE_REPORT (samplel
AT (HEG687302.1
ARTICNETWORK_AMPLICON_NF:AMPL... Task 1/1 GEMERATE_RUN_REPORT (1

MULTIQC

ARTICNETWORK_AMPLICON_NF:AMPL... Task 1/1

ARTICNETWORK_AMPLICON_NF:AMPL... Task 1/1




Step 2: Consensus sequence generation &

N
DISEASE FREVERTION

4) Results files @' @ o EPI2ZME

amplicon-nf
- Results files are located in /directory/amplicon-nf_results previously chosen

& /directory/results
—— pipeline_info m=) Pipeline execution reports and multiqc report

—— samplel

—— sample2

Consensus sequences, mapping related files and report file
sample3

—— sample4

—— XXX.combined_consensus.fasta ==) Merged consensus sequences per run

—— XXX_amplicon-nf_run-report.html ====) Global quality control run report for all samples
L— XXX_gc_results.tsv =2 Mapping table



| = | Training

m Accueil Partage Aftichage
“ v » CePC » Disquelocal (C) » ECDC » Training »

i Mom

# Acces rapide
nextflow
I Bureau !
amplicon-nf_results
4 Téléchargements

ConfigEiles
= Documents Datak

=] Images RawData
ThermoClient Nord 28 2 Results
amplicon-nf tmp

amplicon-nf Tools

amplicon-nf_results I:I :::‘ﬂnw.lug
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DEPTH

5) Results — Samples 1 and 3
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|>samp151 HE687382.1_artic-network/amplicon-nf_8.7.4

NNNNNNNNNNNNNNMNNMNNHNNNCAAGTATATCATGGATTACTTTCCTGTGATATCTGT
TGATTTGCAGAGTGGTCGTCGTGTTGTGTCAGTGGAGTACATTAAAGGTGATGGTCCTCC
CAGGATACCTTATTCTATGGTTGGGCCCTGTTGTGTCTTTCTCATGCACCATCGTCCTAG
TCACGAGGTTCGCTTGCGATTCTCTGATTTCTACAATGTCGGAGAATTCCCATACCGAGT
CGGACTTGGAGACTTTGCATCAAATGTTGCACCTCCACCAGCAAAGCCTTTTCAGAGACT
TATTGATCTAATAGGCCATATGACTCTTAATGATTTCACAAGGTTCCCCAATCTAAAAGA
AGCCATATCCTGGCCTCTTGEAGAACCCTCACTGGCTTTCTTTGACCTAAGCTCTACTAG
AGTGCACAGGAATGACGACATTAGGAGGGATCAGATTGCTACTCTAGCAATGAGGAGCTG
CAAGATTACCAATGATCTAGAGGACTCCTTTGTTGGCTTACATAGGATGATTGTGACCGA
GGCTATCCTCAGAGGGATTGACCTGTGCCTGTTGCCAGGCTTTGACCTCATGTATGAGGT
TGCTCACGTGCAGTGTGTTCGGCTCCTGCAGGCAGCAANAGAGGACATTTCTAATGCTGT
AGTTCCAAACTCAGCCCTTATTGCTCTTATGGAGGAGAGCCTGATGCTGCGCTCATCACT
TCCTAGCATGATGGGGAGAAATAACTGGATCCCAGTTGTTCCTCCAGTCCCAGATGTTGA
GATAGAATCAGGGGAAGAGAGTGATGATGATGGATTTGTTGAGGTTGATTAGAGGTTAAG
GCTGCCCCACCCCCCACCCCCCAATCCCGACCGTAACCCCAACCCCCATCTTCCCCANNC
CCCCTGGGCAGTCACTTAGGCTGCTGTCTTGTAGGCCTGAGCAGCCGCCATGACAGCAGC
TGACGGNTTCCCATTAGAATCCACAAGCCCAAAAGCTTTCAAGAATTCTCTCCTCTTCTC
ATGGCTAATAAAGTTGCTATTCACTGCTGCATTCATTGGCTGCGTGAACGTTGCAGCGAC
CTCCTCCTTTGTTCTACCTCGGAGGTTTGGGT TGATGACCCGGGAGAACTGCAGCAGATA
CAGAGAGTGAGCATCTAATATTGCCCTTAGATAGTCTTCTGGTAGAGAAGGGTCCACCAT
GCCAGCAAAGCTGGEATGCATCATGTGCCTNGGGTATGCAGGGGATAGGCCGTCCATGGT
TGTCCCAGTGACAGGAAGCCACTCACTCAAGACGACCAAAGCCTGGCATGTCCAGCCAGC
CAGGGCAGCAGCAACTCGTGATAGAGTCAGCTCATCCCGGRAAGGATTCCCCTCCTTTAG
CTTGTACTTGTTGATGAGAGCCTCTACAGTTGCTTTGCCTTCTTTCGACATTTTCATCAT
CATCCTCCGGRGCTTGTTGCHACGAGTCAGAGCCAGAACAATCATTTTCTTGGCATCCTT
CTCCCAGTCAGCCCCACCATACTGCTTTAAGAGT TCGATAACCCTACGGGCATCAAANCC
TTGATAAGCAAACTCTCGGACCCACTGTTC,

NNMNNNNHHNN
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Step 2: Consensus sequence generation
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NNMNMMNMNNHNNNNNNNNNNNNHCAAGTATATCATGGATTACTTTCCTGTGATATCTGT
TGATTTGCAGAGTGGTCGTCGTGTTGTGTCAGTGGAGTACATTAAAGGTGATGGTCCTCC
CAGGATACCTTATTCTATGGTTGGGCCCTGTTGTGTCTTTCTCATGCACCATCGTCCTAG
TCACGAGGTTCGCTTGCGATTCTCTGATTTCTACAATGTCGGAGAATTCCCATACCGAGT
CGGACTTGGAGACTTTGCATCAAATGTTGCACCTCCACCAGCAAAGCCTTTTCAGAGACT
TATTGATCTAATAGGCCATATGACTCTTAATGATTTCACAAGGTTCCCCAATCTAAAAGA
AGCCATATCCTGGCCTCTTGGAGAACCCTCACTGGCTTTCTTTGACCTAAGCTCTACTAG
AGTGCACAGGAATGACGACATTAGGAGGGATCAGATTGCTACTCTAGCAATGAGGAGCTG
CAAGATTACCAATGATCTAGAGGACTCCTTTGTTGGCTTACATAGGATGATTGTGACCGA
GGCTATCCTCAGNNGGATTGACCTGTGCCTGTTGCCAGGCTTTGACCTCATGTATGAGGT
TGCTCACGTGCAGTGTGTTCGGCTCCTGCAGGCAGCANNAGAGGACATTTCTAATGCTGT
AGTTCCAAACTCAGCCCTTATTGCTCTTATGGAGGAGAGCCTGATGCTGCGCTCATCACT
TCCTAGCATGATGGGGAGAAATAACTGGATCCCAGTTGTTCCTCCAGTCCCAGATGTTGA
GATAGAATCAGGGGAAGAGAGTGATGATGATGGATTTGTTGAGGTTGANNNNNNNNNNNN
ITCCCCANNC
CCCCTGGGCAGTCACTTAGGCTGCTGTCTTGTAGGCCTGAGCAGCCGCCATGACAGCAGC
TGACGGNTTCCCATTAGAATCCACAAGCCCAARAGCTTTCAAGAATTCTCTCCTNTTCTC
ATGGCTAATAAAGTTGCTATTCACTGCTGCATTCATTGGCTGCGTGAACGTTGCAGCGAC
CTCCTCCTTTGTTCTACCTCGGAGGTTTGGGTTGATGACCCGGGAGAACTGCAGCAGATA
CAGAGAGTGAGCATCTAATATTGCCCTTAGATAGTCTTCTGGTAGAGAAGGGTCCACCAT
GCCAGCAAAGCTGGGATGCATCATGTGCCTTGGETATGCAGGGGATAGGCCGTCCATGGT
TGTCCCAGTGACAGGAAGCCACTCACTCAAGACGACCAAAGCCTGGCATGTCCAGCCAGT
CAGGGCAGCAGCAACTCGTGATAGAGTCAGCTCATCCCGGGAAGGATTCCCCTCCTTTAG
CTTGTACTTGTTGATGAGAGCCTCTACAGTTGCTTTGCCTTCTTTCGACATTTTCATCAT
CATCCTCCGGGGCTTGTTGCCACGAGTCAGAGCCAGAACAATCATTTTCTTGGCATCCTT
CTCCCAGTCAGCCCCACCATACTGCTTTAAGAGTTCGATAACCCTACGGGCATCAAANCC
TTGATAAGCAAACTCTCGGACCCACTGTTCA

HNMRNNNNNRN

1,400

1,600
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Sample 1: Consensus
sequence >90% S
segment coverage
« 100% NS gene and
91,85% NP gene

Sample 3: Consensus
sequence >88% S
segment coverage
« Missing 63 nt in the
intergenic region of
the sequence
« 99,6% NS gene and
91,85% NP gene
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Step 2: Consensus sequence generation

5) Results — Samples 2 and 4
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NMNMHHNNNNMNMNNNNNNNNNNNCAAGTATATCATGGATTACTTTCCTGTGATATCTGT
TGATTTGCAGAGTGGTCGTCGTGTTGTGTCAGTGGAGTACATTAAAGGTGATGGTCCTCC
CAGGATACCTTATTCTATGGTTGGGCCCTGTTGTGTCTTTCTCATGCACCATCGTCCTAG
TCACGAGGTTCGCTTGCGATTCTCTGATTTCTACAATGTCGGAGAATTCCCATACCGAGT
CGGACTTGGAGACTTTGCATCAAATGTTGCACCTCCACCAGCAAAGCCTTTTCAGAGACT
TATTGATCTAATAGGCCATATGACTCTTAATGATTTCACAAGGTTCCCCAATCTAAAAGA
AGCCATATCCTGGCCTCTTGGAGAACCCTCACTGGCTTTCTTTGACCTAAGCTCTACTAG
AGTGCACAGGAATGACGACATTAGNAGGGATCAGATTGCTACTCTAGCAATGAGGAGCTG
CAAGATTACCAATGATCTAGAGGACTCCTTTGTTGGCTTACATAGGATGATTGTGACCGA
GGCTATCCTCAGAGGGATTGACCTGTGCCTGTTGCCAGGCTTTGACCTCATGTATGAGGT
TGCTCACGTGCAGTGTGTTCGGCTCCTGCAGGCAGCANNAGAGGACATTTCTAATGCTGT
AGTTCCAAACTCAGCCCTTATTGCTCTTATGGAGGAGAGCCTGATGCTGCGCTCATCACT
TCCTAGCATGATGGGGAGAAATAACTGGATCCCAGTTGTTCCTCCAGTCCCAGATGTTGA
GATAGAATCAGGGGAAGAGAGTGATGATGATGGATTTGT TGAGGTTGANNMNHNNNNMNH

200 400 600
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NHNNINNNKNNNNNNNNNENNNNNCAAGTATATCATGGATTACTTTCCTGTGATATCTGT
TGATTTGCAGAGTGGTCGTCGTGTTGTGTCAGTGGAGTACATTAAAGGTGATGGTCCTCC
CAGGATACCTTATTCTATGGTTGGGCCCTGTTGTGTCTTTCTCATGCACCATCGTCCTAG
TCACGAGGTTCGCTTGCGATTCTCTGATTTCTACAATGTCGGAGAATTCCCATACCGAGT
CGGACTTGGAGACTTTGCATCAAATGTTGCACCTCCACCAGCAAAGCCTTTTCAGAGACT
TATTGATCTAATAGGCCATATGACTCTTAATGATTTCACAAGGTTCCCCAATCTAARAGA
AGCCATATCCTGGCCTCTTGGAGAACCCTCACTNGCTTTCTTTGACCTAAGCTCTACTAG
AGTGCACAGGAATGACGACATTAGGAGGGATCAGATTGCTACTCTAGCAATGAGGAGCTG
CAAGATTACCAATGATCTAGAGGACTCCTTTGTTGGCTTACATAGGATGATTGTGACCGA
GGCTATCCTCAGAGGGATTGACCTGTGCCTGTTGCCAGGCTTTGACCTCATGTATGAGGT
TGCTCACGTGCAGTGTGTTCGGCTCCTGCAGGCAGCAANAGAGGACATTTCTAATGCTGT
AGTTCCAMACTCAGCCCTTATTGCTCTTATGGAGGAGAGCCTGATGCTGCGCTCATCACT
TCCTAGCATGATGGGGAGAAATAACTGGATCCCAGTTGTTCCTCCAGTCCCAGATGTTGA
GATAGAAT CAGGGGAAGAGAGTGATGATGATGGATTTGTTGAGG TTGANNNNNNNNNNIMN

WNNNNNNNNMMM

1,400

1,600

Samples 2 and 4:
consensus sequence
>47% S segment
coverage
* 99,6% NS gene
and 0% NP
gene
» Missing last 3
amplicons
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Which causes could explain
incomplete S segment?
(multiple choice)

o %I'he Slido app must be installed on every computer you're presenting

rom slido


https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design

Which samples are most likely
to be used for phylogenetic
analysis? (multiple choice)

o ;I'he Slido app must be installed on every computer you're presenting

rom slido


https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design

Step 2: Consensus sequence generation &

Hypotheses on incomplete segment coverage
T

« Low viral load

* Primers mismatch
« RNA low quality 5 35
« RNA secondary structure

1 20

3 28

Summary of consensus sequence generation 4 R

« Amplicon 5 failed for all samples
* NS gene coverage (20X) is >99% for all samples
« NP gene coverage (20X) is >91% for samples 1 and 3 and 0% for samples 2 and 4

Samples 1, 2, 3 and 4 can be used for phylogeny of NS gene
Samples 1 and 3 can be used for phylogeny of almost complete S segment
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Step 3 & Step 4: Phylogenetic analyses ‘%ﬁ C
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Step 3: First phylogenetic tree for the samples’ lineage assignment

v Creation of a database containing different lineages of the S segment of the virus (DBLineage.fasta),
sample 1 (>92% of S segment coverage) and sample 3 (>88% of S segment coverage)

v' Perform a Multiple Sequence Alignment (MAFFT)

v Build the “lineage” tree (igtree3 figtree)

Step 4: Second phylogenetic tree to infer the origin of the virus

v Creation of a database containing sequences of the S segment of the virus (same lineage, DBOrigin.fasta)
and sample 1 only

v" Perform a Multiple Sequences Alignment (MAFFT)

v Build the “origin” tree (igtree3 figtree)



Step 3 & Step 4: Phylogenetic analyses ecic

Tools Installation mafft iqtree3
MAFFT software https://mafft.cbrc.jp/alignment/software/

sudo apt install mafft Igtree3 software https.//igtree.qgithub.io/
. . ; r r ://igtree.qithub.i
conda install -c bioconda iqtree FigTree software https://tree.bio.ed.ac.uk/software/figtree/

Step 3. Phylogenetic analysis — lineage assignment

cat DBLineage.fasta samplel.consensus.fasta sample3.consensus.fasta > DBLineage@41526.fasta

mafft --auto DBLineage@41526.fasta > DBLineage@41526.mafft.fasta #To concatenate sequences

#To perform multiple alignment
#To build the tree

iqtree3 -s DBO41526.mafft.fasta -alrt 1000 -bb 1000 -T auto

Step 4. Phylogenetic analysis — origin of the virus

cat DBOrigin.fasta samplel.consensus.fasta > DBOrigin@41526.fasta
mafft --auto DBOrigin@41526.fasta > DBOrigin@41526.mafft.fasta
iqgtree3 -s DBOrigin@41526.mafft.fasta -alrt 1000 -bb 1000 -T auto

Visualize trees using FigTree software Training/Tools/FigTree v1.4.4.exe

Don't forget to check the multiple alignment of your sequences before constructing a phylogenetic tree.
This step was skipped for this exercise.



https://mafft.cbrc.jp/alignment/software/
https://mafft.cbrc.jp/alignment/software/
https://iqtree.github.io/
https://iqtree.github.io/
https://tree.bio.ed.ac.uk/software/figtree/
https://tree.bio.ed.ac.uk/software/figtree/

@ cibu@WL25-2042: /mnt/c/Tra
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Step 3: Phylogenetic analysis — lineage assignment &

Phylogenetic tree to determine the RVFV lineage
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Step 4: Phylogenetic analysis — virus origin &
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Phylogenetic tree to infer the origin of the virus: re-emergence or new introduction?
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Given these findings what
would you report to the
authorities?

o %I'he Slido app must be installed on every computer you're presenting
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Confirmation of RVFV Presence — Reporting to Health c@

I I uuuuuuuuuuuuu
® D Agence Régionale de Sante
Mayotte

Context: .

: : ] _ {.“{Qﬁ\fﬁ World Health
« Mobile laboratory exercise and on-site sequencing conducted. NP7 Organization
« Objective: detect and characterize the virus to inform authorities.

(

Key Results:
 RVFV Segment S successfully detected and

sequenced [ = &
- - - . ) '“"ﬂ’ East Afrjcy
. Confirmation of the lineage C (East and West Africa) i
« 2024 outbreak strain differs genetically from 2008 & T ANy
2018 strains e

« Active new introduction detected — closely related to
Uganda strain — probable importation



Confirmation of RVFV Presence — Reporting to Health c@
Authorites m=

Public Health Implications:
« Enhanced surveillance of livestock and at-risk populations.

« Guides prevention and control measures (vaccination, mosquito control, health
alerts).

Next Steps:
- Immediate data sharing with health authorities.
« Continuous monitoring of human and animal cases.

« Tracking environmental conditions favoring transmission (flood/rain ... ,
mosquito density). m



RVFV introduction: Discussion & Recommendations Qﬁc

« Climate change favoring mosquito vector proliferation
» Cross-border livestock movement
« Low livestock vaccination coverage in endemic areas

2. Observed Impacts & Challenges

« Recurrent human and animal outbreaks with high morbidity/mortality
« Risk of geographic spread to new regions

« Limited early detection due to fragmented surveillance

 Insufficient community awareness and health infrastructure




RVFV introduction: Discussion & Recommendations @c

3. Limitations & Recommendations
« Genomic data limited: sequencing of S, M, L segments needed

« Important to identify reassortants and perform phylogenetic analysis on all
segments

« Rapid pathogen detection & characterization is critical for outbreak
management

« Supports better understanding of viral evolution and outbreak origins

oo




Why Field sequencing goes beyond PCR? @c

PCR: Fast detection, limited insight Field Sequencing: Real-time genomic
« Confirms presence of RVFV « Provides full genetic context (S segment,
(positive/negative) and potentially M/L)
« Targets short conserved regions only
Enables:
No information on:  Lineage assignment (Lineage C)
> Viral lineage « Identification of viral origin (Uganda-related
» Origin of the outbreak strain)
> (Genetic relationships between strains « Distinction between local persistence vs new
» Introduction vs re-emergence introduction
« Detection of viral evolution and potential
reassortment

.1 PCR tells us “virus is here”
=d Sequencing tells us “where it comes
from and how it evolves”




& PCR detects the outbreak —
sequencing explains the outbreak.

INSTITUT

Thank you for your attention Qasteur
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