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WGS: a story started 30 years ago



From the «old» to the 
«new» generation

3 billion dollars

AB3730xl Capillaries: 96
Throughput: 0.1 Mb/run
Lenght: 800 nt

454 GS20  Roche
Length ~250 
Throughput: 20 Mb/run 

= massively parallel sequencing

1990 -2003



NGS battle
«Second generation»

«First generation»

«Third generation»



NGS 
For human and microbial genomes



How it works
(Illumina NGS technology)

• Microbial WGS has three basic steps: library 
preparation, sequencing, and analysis. 

• During library preparation, DNA is fragmented; 
Illumina sequencing adapters linked to each 
fragment

• Each individual fragment is then sequenced
• The resulting nucleotide-level data is analyzed

to generate an accurate reference genome



Sequencing by Synthesis (SBS)
DNA polymerase catalyzes the 
incorporation of fluorescently 
labeled dNTPs into a DNA 
template strand during 
sequential cycles of DNA 
synthesis. All four reversible 
terminator–bound dNTPs are 
present during each sequencing 
cycle
During each cycle, at the point 
of incorporation, the 
nucleotides are identified by 
fluorophore excitation. 



WGS workflow

Library 
preparation

Sequencing

Analysis

DNA 
extraction



gDNA quantification and 
standardization 

Nanodrop

Fluorimeter

>3,5 ng/μL

100-500 ng



Integrity assessment 
of gDNA

Agilent Tapestation



First step: library preparation

• The sequencing library is prepared by 
tagmentation which combines into a single 
step the random fragmentation of the DNA or 
cDNA sample and the adapter ligation 
reactions

• Adapter-ligated fragments are then PCR 
amplified and bead-based purified



QC and pooling

20pM

Agilent 
Tapestation



Cluster amplification and 
generation

Flow cell



Sequencing by Synthesis (SBS)



Sequencing run QC



Illumina sequencing by synthesis
(SBS)

• The critical difference with the Sanger sequencing is 
that, instead of sequencing a single DNA fragment, NGS
extends this process across millions of fragments in a 
massively parallel fashion. 

• The result is highly accurate base-by-base sequencing 
that virtually eliminates sequence specific errors, even 
within repetitive sequence regions and homopolymers.

• More than 90% of the world's sequencing data are 
generated by Illumina SBS chemistry.



Choosing a sequencing system



Third generation sequencing: 
long reads

• Pacific Bioscience

• Oxford Nanopore MinION
Revio Vega



Why long reads?

Repetitive region

Assembly



• Using ultra-long nanopore reads it is possible to sequence entire viral 
genomes in a single read, bypassing the requirement for assembly 
completely

• A significant advantage of nanopore sequencing is that it streams data 
in real time, allowing real-time data analysis, which can drastically 
reduce time to result.

• Nanopore sequencing provides additional advantages as very low 
capital investment, and shorter (10 hours library preparation and 
sequencing) turnaround time compared to other NGS technologies

Advantage of Nanopore sequencing



Why Whole Genome Sequencing 
(WGS)?



Whole Genome Sequencing
WGS 

Sequencing the entire bacterial, viral or protozoal 
genomes is important for:

• microbial identification
• comparative genomic studies
• generating accurate reference genomes

Use microbial WGS to:
• analyze entire genomes and mobile genetic 

elements from microbial isolates and cultures
• discover new variants in culture or clinical 

samples
• investigate and understand outbreaks of 

infectious disease or antibiotic resistance



WGS for molecular typing

• Whole-genome sequencing (WGS) provides higher 
resolution and accuracy than traditional molecular 
typing methods (e.g. PFGE, MLVA) for foodborne 
bacterial pathogens.

• It can be considered a very useful tool in surveillance 
of FBD and outbreak investigation, facilitating the 
detection of potential clusters and increasing the 
chance of finding the outbreak source



Comparative analysis between conventional 
microbiological methods and WGS



Comparative analysis between conventional 
microbiological methods and WGS



GENPAT
Italian National Reference Center

for Whole Genome Sequencing of microbial  pathogens: 
database and bioinformatic analysis

Italian Ministry of Health  
Regulatory reference 30 May 2017

(G.U.R.I. n. 196 23 August 2017)



Mission

• To develop a national platform for collection and 

storage of  genomic sequences of pathogenic 

microorganisms, to perform  bioinformatic analyses, 

to archive and to share the results

• To create a structured and permanent network of 

reference people  from all veterinary public health 

institute (IIZZSS), National Health  Institute (ISS) and 

other research institutes



Why a National Platform 

• The use of genomic data without a national repository 
would result in data loss and decrease of efficiency of 
national surveillance  plans

• Setting of quality standards of data obtained by NGS 
would  ensure armonization of bioinformatic analysis

• Capability to integrate WGS data with information 
present in other national databases



NGS at IZASM
Illumina
• MiniSeq
• MySeq
• NS1000
• NS2000
Thermo Fisher Scientific
• Ion GeneStudio S5 System
ONT
• MinION
• GridION
PacBIO
..on going
• Vega



Bioinformatic unit

• Bioinformaticians

Genomic unit

• Molecular biologists

• Biotechnologists

Illumina NextSeq 500

NGS Workflow at IZSAM

Data center
• IT experts

• System 
administrator

Epidemiology and  
Risk analysis unit
• Epidemiologists



Genomic 
unit

Food 
hygiene

Orbivirus (BTV, EHDV, AHSV)
Flavivirus (WNV, USUV, DENV)
Coronavirus
Influenza virus
Morbillivirus (CDV, PPRV)
Capripox virus

Campylobacter
Brucella
Mycobacterium
AMR

Listeria
Salmonella
AMR
Epatitis E, A
Norovirus

NGS 
Services

Virology
+

Diagnostic 
of exotic 
disease

Bacteriology

Which samples to be sequenced?



GenPat for…

• National Reference lab for Listeria, Campylobacter and 
Brucella (IZSAM)

• National Reference lab for BTV, Flavivirus, Capripox virus, 
AHSV, PPRV (IZSAM)

• EURL for RVFV (IZSAM)
• FAO reference lab for zoonotic Coronavirus (IZSAM)
• National Reference lab for ASFV (IZSUM)
• National Reference lab for Salmonella
• EURL for Avian Influenza (IZSVe)
• National Reference lab for Staphylococcus (IZSPLV) 



NGS at GenPat



NGS activity 2024
Accertamento Numero 
Sequenziamento Whole Genome Sequencing (WGS) 2908 
Metagenomica SARS-CoV-2 21 
Metagenomica shotgun 22 
Metatrascrittomica 183 
Metagenomica SGTarget 385 
Metagenomica 16S 397 
Totale 3916 

 



WGS for foodborne outbreak investigation



Using NGS directly from 
biological samples

• Targeted resequencing (amplicon o enrichment based): 
when the target microorganism is present or at least 
suspected

• Metagenomics: (metabarcoding) it allows many different 
species to be identified simultaneously in a single sample 
(e.g. microbial communities)

• Shotgun metagenomics : it allows all DNA molecules 
present in the sample to be sequenced 



Virus characterization at IZS-Te



GenPat as Service

• Universities
• Research institutes
• ECDC
• International Atomic Energy Agency (IAEA)



EFSA/ECDC 
service

European countries
Number of 

samples

Greece 258

Hungary 16

Netherlands 96

Poland 29

Estonia 105

Romania 192

Slovenia 71

Belgium 333

Portugal 50

Czech Republic 236

Bulgaria 12

Croatia 19

Lithuania 105

Italy 57

Total 1579

12/2019
02/2024



EFSA/ECDC service

Campylobacter 
jejuni

Enterobacteriaceae

E. coli STEC

Human coronavirus

Listeria 
monocytogenes

Neisseria meningitis

Salmonella enterica

Campylobacter jejuni

Corynebacterium

Enterobacteriaceae

Enterovirus

E. coli STEC

Hepatovirus A

Human coronavirus

Influenza virus

Legionella pneumophila

Listeria monocytogenes

Neisseria meningitis

Salmonella enterica

Shigella sonnei



WGS services for Coordinated 
Research Project D32036

Scope
Whole Genome Sequencing (WGS) services

The Contractor shall perform the WGS Services on the followings:

i) Whole genome PCR amplicons of the avian influenza viruses (AIVs);
ii) DNA extract from multiple capripox viruses;
iii) DNA extracts from pure cultures of brucella and salmonella

PURCHASE ORDER 
No.: 202409684-AY
Date: 21-NOV-2024



Long term WGS service

01 August 2025 – 28 July 2028



GENPAT-VETLAB platform 



GenPat

Genomic unit Bioinformatic unit

https://genpat.izs.it/



Illumina sequencing platforms



MinION 
Mk1D

MinION 
Mk1B

GridION 

Nanopore Sequencing platforms



IonTorrent GeneStudio S5
IonChef System





Bioinformatic tools



Contacts

NGSlab – Cesare Cammà 

c.camma@izs.it

ngs@izs.it

Bioinfolab - Adriano Di Pasquale 

a.dipasquale@izs.it

bioinformatica@izs.it

National Reference Center Genpat 

genpat@izs.it

mailto:c.camma@izs.it
mailto:ngs@izs.it
mailto:a.dipasquale@izs.it
mailto:bioinformatica@izs.it
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