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15:00 – 15:20:  Introduction

Rationale for WGS

Current European guidance

WGS-based analysis of bacteria

15:20 – 15:35: The ResFinder tool

Background

Example

15:35 – 17:00: Exercise

Explanation (15:35 – 15:45)

Retrieve and submit the genomes (15:45 – 16:00)

Analysis of results (16:00 – 16:30)

Discussion (16:30 – 17:00)

Agenda
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Why now?

 Increase in sequencing accuracy

 Decrease in cost

 Coordinated efforts throughout

Europe

Advantages

 Only one protocol

 Very large amount of data

 Higher discriminatory power

 Harmonised and automatic analysis

 Direct comparison

 Ease of storage

 Retroactive screening

Rationale – Why WGS?
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AMR surveillance of human Salmonella and Campylobacter

infections, including tailored technology transfer for integration of 

WGS to national AMR surveillance and outbreak investigation

Taxonomic analysis

Detection of AMR determinants

Subtyping

Phylogenetic analysis

Integration of epidemiological data

Rationale – What should we be able to do?



2016: “ECDC Expert opinion on whole genome sequencing for public health surveillance”

2016: “ECDC roadmap for integration of molecular and genomic typing into European-level surveillance and 

epidemic preparedness”

2019: “ECDC strategic framework for the integration of molecular and genomic typing into European 

surveillance and multi-country outbreak investigations”

2019: EFSA “Whole genome sequencing and metagenomics for outbreak investigation, source attribution and 

risk assessment of food-borne microorganisms”

2019: “EFSA and ECDC technical report on the collection and analysis of whole genome sequencing data 

from food‐borne pathogens and other relevant microorganisms isolated from human, animal, food, feed and 

food/feed environmental samples in the joint ECDC‐EFSA molecular typing database”

2021: “EFSA statement on the requirements for whole genome sequence analysis of microorganisms 

intentionally used in the food chain”

2018: WHO “Landscape paper on whole genome sequencing for foodborne disease surveillance” 

2020: WHO “Global Antimicrobial Resistance and Use Surveillance System (GLASS) document on whole-

genome sequencing for surveillance of antimicrobial resistance”

TBA: ISO/DIS 23418 standard “Microbiology of the food chain – Whole genome sequencing for typing and 

genomic characterization of foodborne bacteria – General requirements and guidance”
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Current European Union and international guidance
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Recommendations are similar regardless of setting (e.g. PH vs. food)

- Importance of harmonization

- Importance of data management infrastructures

Several networks focused on training

- Many training materials available

- Potential to share and compare results with other national laboratories/other 

areas

Standardization on the way

- Almost: agreement on QC parameters

- Almost: ISO standard

- FWD AMR-RefLabCap + EURGen-RefLabCap

Current European Union and international guidance
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Tool Reference database Description and output

Tools for taxonomic analysis and typing

KmerFinder [150,151] KmerFinder Provides hits of the query genome against whole reference genomes, the respective % of identity and % of coverage

SILVA [152] SILVA Collection of 16S rRNA genes, also possible to perform phylogenetic analysis and obtain phylogenetic trees

MLST [153] PubMLST MLST schemes, provides the sequence type

rMLST [126] rMLST rMLST schemes, provides the predicted species and respective allelic support metric 

SerotypeFinder [154] SerotypeFinder Serotype, specific for E. coli

SeqSero [155] SeqSero Serotype, specific for Salmonella sp.

PneumoCaT [156] PneumoCaT Serotype, specific for S. pneumoniae

Tools for phylogenetic analysis

cgMLST [140] cgMLST cgMLST schemes, available for few selected species. It can be used exclusively for typing but also clustering

CSIPhylogeny [144] NA SNP-based phylogenetic analysis, provides tree constructed through FastTree

Evergreen [157] NCBI RefSeq SNP-based phylogenetic tree integrating public genomes

Tools for detection of antimicrobial resistance determinants

ResFinder [129] ResFinder, PointFinder
Provides hits against reference ARGs and PMs and the respective % of identity and % of coverage, position in genome and predicted 

phenotype

KmerResistance [150,151] KmerResistance
Provides hits of the query genome against reference genomes, as well as the detected ARGs and respective % of identity and % of 

coverage

CARD/RGI [158] CARD
Provides hits against reference ARGs and respective % of identity and % of coverage. Other options are possible and the service is highly 

focused on ontology and standardization

AMRFinder [159]; AMRFinderPlus [160] NCBI RefSeq Provides hits against reference ARGs and respective % of identity and % of coverage

ARIBA [161]

CARD, ResFinder, NCBI Bacterial AMR Reference 

Gene DB, ARG-ANNOT, MEGARes, PubMLST, 

others defined by user

Provides hits against reference ARGs and respective % of identity and % of coverage

Tools for detection of virulence factors

VirulenceFinder [162] VirulenceFinder Provides hits against reference VFs

Victors [131] Victors Provides hits against reference VFs

Tools for detection and analysis of mobile genetic elements

PlasmidFinder [163] PlasmidFinder Provides hits against reference plasmids and respective % of identity and % of coverage

Platon [164] Platon Provides hits against reference plasmids and respective % of identity and % of coverage, as well as relevant genes

pMLST [153] PubMLST Plasmid typing schemes

MobileElementFinder [135] MobileElementFinder Provides type and reference sequences of MGEs, respective % of identity and % of coverage, as well as associated ARGs and VFs

Pipelines for extensive analyses

NCBI Pathogen Detection NCBI DBs Detects ARGs and VFs, provides SNP-based phylogenetic analysis

Pathogenwatch [165] Pathogenwatch, tools’ DBs Performs taxonomic analysis, determines MLST and cgMLST and  provides cgMLST-based phylogenetic clustering

BIGSdb [166] PubMLST BIGSdb
Performs annotation and taxonomic analysis, detects ARGs and plasmids, determines MLST, rMLST and cgMLST, provides phylogenetic 

and spatio-phylogenetic analysis

PATRIC [167]
PATRIC, but also includes others such as CARD, 

NDARO and VFDV

Performs assemblies, quality control, annotation and taxonomic analysis, detects ARGs and performs phenotype prediction, detects VFs 

and MGEs, provides phylogenetic analysis, variation analysis and genome alignments

This is just a subset….

….too many options !



Agreement on necessary requirements:

• prediction of clinically and epidemiologically relevant microbial phenotypes 

antigenic profile, AMR and virulence, including identification of determinants encoded in the 

accessory genome and mobile genetic elements

• phylogenetic analysis

• well defined QC parameters

• integration of sequence data with epidemiological and clinical data

• database for the collection and analysis of WGS data + proper management

10

Current European Union and international guidance
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https://www.cdc.gov/pulsenet/pathogens/protocol-images.html#wgs

WGS-based analysis of bacteria - Overview



12

Funded by the European Union

WGS-based analysis of bacteria – How it works
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Compared with reference databases

What genes from the database are present in this genome?

WGS-based analysis of bacteria – How it works
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Expertise on DNA extraction methods

Expertise on library preparation methods

Access to sequencing platform

Access and expertise on bioinformatics tools

Data management infrastructure

Not too technically demanding

Ideally a dedicated room

Main challenges: cost, implementation

Main challenges: cost, compatibility

WGS-based analysis of bacteria – Requirements
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Sample 
selection

Sample 
prep

DNA 
extraction

DNA QC
Library 

preparation
Sequencin

g
Raw data 

QC

SPN-based
phylogeneti
c analysis

Assembly Assembly QC
Taxonomic

analysis
Subtyping AMR detection

Detection of 
VFs and MGEs

• Plate in blood agar

• Incubate ON

• Check for purity

• Subculture if needed

• Easy DNA Kit• All • Measure 

concentration

and dilute

with Qubit

• Illumina 

NexteraXT® 

DNA Library 

Prep

• Illumina 

NextSeq 500

• 96-192 libraries 

per run

• FastQC on 

Danish 

Supercomputer 

for Lifesciences

• CSIphylogeny

• SPAdes • FastQC

• Internal list of 

expected 

genome size

• KmerFinder

• rMLST
• MLST • ResFinder • MobileElementFinder

+++ integrating metadata

Example: a complete WGS workflow
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Many different:

- DNA extraction kits

- Sequencing platforms

- Bioinformatics approaches

- Bioinformatics tools

Is harmonization feasible?

Well defined set of QC parameters

– For the raw data

E.g. nr. and length of raw reads, depth of coverage

– For the assembled genomes

E.g. N50, nr. of contigs, genome size

– For the performance of the tools

E.g. accurately detect PMs and ARGs in sets of benchmarking data

Very important! – Quality control
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Raw data QC Assembled data QC

Number of reads
Should be as high as possible. No assessed cut-off exist, but 

enough to obtain the desired coverage of the organism genome.

Average read length
Should correspond to that expected from the sequencing 

platform and kit.

Illumina MiSeq avg read length = 300 bps

Illumina NextSeq avg read length = 150 bps

Coverage
Should as a minimum be 25x, and preferably even higher (e.g. 

50x).

Size of assembled genome
Salmonella: 4.4 Mb - 5.8 Mb

Campylobacter: 1.5 Mb - 1.9 Mb

Total number of contigs
Should be less than 500.

Campylobacter will typically be assembled into less than 100 

contigs and Salmonella to less than 300 contigs. 

N50
Should be over 15.000 - 30.000 bp

𝐶𝑜𝑣𝑒𝑟𝑎𝑔𝑒 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑎𝑑𝑠 𝑥
𝑅𝑒𝑎𝑑 𝑙𝑒𝑛𝑔𝑡ℎ

𝐺𝑒𝑛𝑜𝑚𝑒 𝑠𝑖𝑧𝑒

Very important! – Quality control
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Troubleshooting poor QC values

Usually poor raw data QC indicates:

Inadequate DNA extraction

Inadequate library preparation

Usually poor assembly QC indicates:

Inadequate DNA extraction

Contaminations

Re-sequence or re-extract?

Evaluation of QC becomes easier with experience + understanding the biochemical principles of the protocols.

Very important! – Quality control
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Detection of antimicrobial resistance genes 

and prediction of phenotypic resistance by 

the ResFinder tool

The ResFinder tool

Ana Rita Rebelo

anrire@food.dtu.dk
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https://cge.food.dtu.dk/services/ResFinder/

Databases with antimicrobial resistance genes and chromosomal point mutations

https://bitbucket.org/genomicepidemiology/resfinder_db/src/master/

https://bitbucket.org/genomicepidemiology/pointfinder_db/src/master/

ResFinder database PointFinder database

Explanation – Online tool and databases

https://cge.food.dtu.dk/services/ResFinder/
https://bitbucket.org/genomicepidemiology/resfinder_db/src/master/
https://bitbucket.org/genomicepidemiology/pointfinder_db/src/master/
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Explanation – Databases
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Funded by the European Union

Explanation – Databases
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Explanation – Databases
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Explanation – Online tool
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Explanation – Online tool
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Explanation – Online tool
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Funded by the European Union

*Chromosomal point mutation database exists

Explanation – Online tool
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Explanation – Online tool
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Explanation – Online tool
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Explanation – Online tool
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Example – Output
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Example – Output
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Example – Output
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Funded by the European Union

Example – Output
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Example – Output
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Example – Output



37

Detection of antimicrobial resistance genes 

and prediction of phenotypic resistance by 

the ResFinder tool

Exercise

Ana Rita Rebelo

anrire@food.dtu.dk
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Recover 3 genomes

Submit the genomes to the ResFinder online tool

Analyse the output

Predict AMR phenotypes for each genome

Objectives
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Go to link:

https://sciencedata.dk/themes/deic_theme_oc7/apps/files_sha

ring/public.php?t=df691aeb3b6382aa30cd96eef5657457&

Download the files to your computer

Recover the genomes

https://sciencedata.dk/themes/deic_theme_oc7/apps/files_sharing/public.php?t=df691aeb3b6382aa30cd96eef5657457&
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Upload each genome to the online ResFinder tool: 

https://cge.food.dtu.dk/services/ResFinder/

Provide your email address so that you can close the 

internet browser safely

Submit the genomes

https://cge.food.dtu.dk/services/ResFinder/
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Results may take a while…
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The results from the webtool expire after a few days:

https://cge.food.dtu.dk//cgi-

bin/webface.fcgi?jobid=62849E900000517E20D08319

https://cge.food.dtu.dk//cgi-

bin/webface.fcgi?jobid=62849E96000051C0FB1F7BE8

https://cge.food.dtu.dk//cgi-

bin/webface.fcgi?jobid=62849E9A000051D99D7DA5A8

Get the results

https://cge.food.dtu.dk//cgi-bin/webface.fcgi?jobid=62849E900000517E20D08319
https://cge.food.dtu.dk//cgi-bin/webface.fcgi?jobid=62849E96000051C0FB1F7BE8
https://cge.food.dtu.dk//cgi-bin/webface.fcgi?jobid=62849E9A000051D99D7DA5A8
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Get the permanent results files

Go to link:

https://sciencedata.dk/themes/deic_theme_oc7/apps/files_sharin

g/public.php?t=af5cfa2ffe12aca10ed5e0e17548be16&

Download the results files to your computer

Get the results

https://sciencedata.dk/themes/deic_theme_oc7/apps/files_sharing/public.php?t=af5cfa2ffe12aca10ed5e0e17548be16&
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Important to know how to work with the downloaded outputs

Non-assigned PMs only in the ”pheno_table_full”

Get the results

After the first table in the webtool: At the end of the page in the webtool:

In the excel files:
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Analyse the output for each genome:

1) Is the quality of the genomes good enough?

• If not, what QC parameters are not up to standard and how would you 

proceed to improve quality?

2) What ARGs or PMs can you see?

• Is the quality of each hit good enough to predict a phenotype? If not, how 

would you proceed to improve results?

3) Which resistance phenotypes would you report?

Analyse the results
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Discussion
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Quality control

What if “No ctgs” was higher or lower?

What if “Coverage” was higher or lower?

What if “total bps” was higher or lower?

Calculated afterwards (not part of FoodQC output)
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Phenotypes as determined in the laboratory

VS.

In silico antibiograms and predicted phenotypes
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EQA_AST.S21.0002
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EQA_AST.S21.0002
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EQA_AST.S21.0005
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EQA_AST.S21.0005
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EQA_AST.S21.0007
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Thank you on behalf of the

FWD AMR-RefLabCap team

fwdamr@ssi.dk


