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Intended Learning Objectives
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Specific objectives of this session:

1. Predict and interpret AMR and virulence genes from bacterial genomes.

2. Predict genomic islands (GIs) using IslandViewer4 and understand the limits of automated
predictions.

3. Detect integrative conjugative elements (ICEs) using ICEfinder and interpret the main result
views.

4. Understand that sequence alignment and literature comparison may be needed to identify
known GI families in Vibrio cholerae.



Outline
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This session consists of the following elements:

1. Introduction to genome annotation for AMR and virulence genes

2. Predicting ICEs using ICEfinder: input, outputs, and interpretation

3. Predicting genomic islands (GIs) with IslandViewer4: maps, tables, and region details

4. Understanding the limits of automated predictions and the need for literature and sequence
alignment to identify known GI families (e.g., in Vibrio cholerae)
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What best describes your 
experience with bioinformatics or 
computational tools?

The Slido app must be installed on every computer you’re presenting from

Do not edit

How to change the 

design

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


In silico Bacterial Genome Annotation

Hendriksen S. et al. (2019). Front Public Health. 7:242; Image created with BioRender 5



Why using WGS for Genome Analysis?

Adapted from Ronholm J. et al. (2016). Clin Microbiol Rev. 29(4):837-57; Image created with BioRender 6

Interpretation

Interpretation 
and validation of 

phenotype 
prediction



Detection of Antimicrobial Resistance 
(AMR) genes and Virulence factors

Annotation



AMR Fenotype/Genotype Prediction Tools

Uelze L. et al. (2020). One Health Outlook. 2020; 2:3 8

Tool name Target Input format Link

ResFinder
(C, SB)

General AMR
(genotype, phenotype)

FASTA, 
FASTQ

http://genepi.food.dtu.dk/resfinder

PointFinder
(C, SB)

Selected mutations
(genotype)

FASTA, 
FASTQ

http://genepi.food.dtu.dk/resfinder

AMRFinderPlus
(C)

General AMR
(genotype)

FASTA https://github.com/ncbi/amr/wiki

RGI (CARD)
(C, SB)

General AMR
(genotype)

FASTA https://card.mcmaster.ca/

ABRicate
(C)

Multiple databases (AMR, 
virulence, plasmids)

FASTA https://github.com/tseemann/abricate

BV-BRC 
(SB, uses RAST)

General
Annotation (genotype, 
phenotype)

FASTA https://www.bv-brc.org/

Pathogenwatch
(SB)

General AMR
(genotype, phenotype –
some pathogens)

FASTA, 
FASTQ

https://pathogen.watch/

Table. Most used (command line-C or server-based-SB) AMR prediction tools for bacterial genomes



Genotype vs Phenotype Concordance

Hendriksen S. et al. (2019). Front Public Health. 7:242; Bortolaia V. et al. (2020). J Antimicrob Chemother. 75(12):3491-3500 9

High concordance (>96%) between 

the presence of known AMR genes or 

mutations (genotype)

and the DD and/or MIC data 

(phenotype)

Several in silico AMR prediction tools 

were used (ResFinder, PointFinder, 

ARG-ANNOT, CARD, GeneFinder, 

Mykrobe, Cortex, ARIBA)



Genotype vs Phenotype Concordance

Rebelo AR. et al. (2022). Frontiers in Microbiology. 13 10

Abstract



Genotype vs Phenotype Concordance

Rebelo AR. et al. (2022). Frontiers in Microbiology. 13 11

Out of the 5.229 isolate-antimicrobial combinations for which MIC and WGS data were compared 8.3% had 

discordances (not equally distributed) and 91.7% showed a concordance between phenotypic and genotypic 

antimicrobial susceptibility profiles



ResFinder

Florensa AF. et al. (2022). Microb Genom. 8(1):000748; https://www.genomicepidemiology.org/ 12

Click SERVICES to see 

all the available tools
1

2

and chromosomal gene mutations



ResFinder: Job Upload

Bortolaia V. et al. (2020). J Antimicrob Chemother. 75(12):3491-3500; http://genepi.food.dtu.dk/resfinder 13

% identity and coverage can be 

adjusted if necessary

3

Click to view known and unknown

mutations associated with AMR

100% identity
70% coverage

100% identity
100% coverage



ResFinder: Job Upload

Bortolaia V. et al. (2020). J Antimicrob Chemother. 75(12):3491-3500; http://genepi.food.dtu.dk/resfinder 14

Species-relevant prediction of 

clinically relevant phenotypes*

for selected antimicrobial agents

*ResFinder phenotype predictions were validated using MIC
values (BMD or Etest) and WGS data (Illumina sequencing).
Phenotypic AST results were mainly interpreted using the
EUCAST epidemiological cut-off values (ECOFFs) to categorize
isolates as WT (MIC≤ECOFF) and non-WT (MIC>ECOFF).

4

5



ResFinder: Job Upload

Bortolaia V. et al. (2020). J Antimicrob Chemother. 75(12):3491-3500; http://genepi.food.dtu.dk/resfinder 15

Write your email to receive the 

results when finished

6

Upload the .fasta or .fastq files of 

your bacterial genome for analysis

7

8



ResFinder: Analysis of Results

Bortolaia V. et al. (2020). J Antimicrob Chemother. 75(12):3491-3500; http://genepi.food.dtu.dk/resfinder 16

Only known AMR mechanisms 
are detected

Prediction of species-specific in 
silico antibiograms

When using (“All” option) 
interpretation of results must 

be executed carefully ➜
knowledge on intrinsic 

resistance (often mediated by 
structural traits) is essential



ResFinder: Analysis of Results

Bortolaia V. et al. (2020). J Antimicrob Chemother. 75(12):3491-3500; http://genepi.food.dtu.dk/resfinder 17
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ResFinder: Analysis of Results

Bortolaia V. et al. (2020). J Antimicrob Chemother. 75(12):3491-3500; http://genepi.food.dtu.dk/resfinder 18

The number of aligned bases in our
genome/total length of the reference gene
in the database

Example: 780/780 means our sequence
aligned for 780 bases out of the full
reference gene

780

816

792

861

1626

1260

840
792

1920

The dark green color

Indicates a perfect match for a give
gene. Identity is 100% and the
sequence in the genome covers the
entire length of the resistance gene in
the database



ResFinder: Analysis of Results

Bortolaia V. et al. (2020). J Antimicrob Chemother. 75(12):3491-3500; http://genepi.food.dtu.dk/resfinder 19

780

816

792

861

1626

1260

840
792

1920

The light green color

Indicates a warning due to a non-perfect
match, % ID < 100% ➜ alignment length
is equal to the resistance gene length

The grey color

Indicates a warning due to a non-perfect
match, % ID is 100% ➜ alignment length
is different than resistance gene length



ResFinder: Analysis of Results

Bortolaia V. et al. (2020). J Antimicrob Chemother. 75(12):3491-3500; http://genepi.food.dtu.dk/resfinder

Click “Show Gene Alignments” to 

see the alignment between the query 

and the reference gene 

aph(3’)-Ia



ResFinder: Analysis of Results

Bortolaia V. et al. (2020). J Antimicrob Chemother. 75(12):3491-3500; http://genepi.food.dtu.dk/resfinder 21

Mutations known to 

confer resistance to 

antibiotics will appear 

bellow the 

corresponding gene

(e.g., gyrA or parC

mutations)

No known 
mutations 
detected



ResFinder: Analysis of Results

Bortolaia V. et al. (2020). J Antimicrob Chemother. 75(12):3491-3500; http://genepi.food.dtu.dk/resfinder 22

Download all or species-specific phenotypic and genotypic data in a .txt file format 

Download of acquired AMR genes (.txt file format) and gene sequences (.fasta file format) 

Download of chromosomal point mutations in a .txt file format



AMRFinderPlus

https://github.com/ncbi/amr/wiki 23

Software (command line) and the database allow the identification of acquired antimicrobial resistance genes in 

bacterial protein and/or assembled nucleotide sequences as well as known resistance-associated point mutations 

for several taxa

# Install AMRFinderPlus and download the last database

$ mamba install ncbi-amrfinderplus

$ amrfinder –U

# See a list of all available organisms

$ amrfinder --list_organisms

# Run AMRFinderPlus in the the assembled genome

$ amrfinder -n file_dna.fasta -O Vibrio_cholerae -o AMRFinderPlus_results

# Run AMRFinderPlus in the the assembled genome with the “plus” option (virulence and metal+biocide tolerance genes)

$ amrfinder -n file_dna.fasta -O Vibrio_cholerae --plus -o AMRFinderPlus_plus_results



AMRFinderPlus: Output

https://github.com/ncbi/amr/wiki 24

Contig id Start Stop Strand Element 
symbol

Element 
name

Scope Type Subtype Class Subclass Method Target 
length

Reference 
sequence 
length

% 
Coverage 
of 
reference

% Identity 
to 
reference

Alignment 
length

Closest 
reference 
accession

Closest 
reference 
name

NZ_LT90661
4.1

1566982 1567353 - ctxB cholera 
enterotoxin 
binding 
subunit CtxB

plus VIRULENCE VIRULENCE NA NA EXACTX 124 124 100 100 124 AAF94613.1 cholera 
enterotoxin 
binding 
subunit CtxB

NZ_LT90661
4.1

1567353 1568126 - ctxA cholera 
enterotoxin 
catalytic 
subunit CtxA

plus VIRULENCE VIRULENCE NA NA EXACTX 258 258 100 100 258 AAF94614.1 cholera 
enterotoxin 
catalytic 
subunit CtxA

NZ_LT90661
4.1

1674334 1675455 + varG VarG family 
subclass B1-
like metallo-
beta-
lactamase

core AMR AMR BETA-
LACTAM

CARBAPENE
M

EXACTX 374 374 100 100 374 WP_000778
180.1

VarG family 
subclass B1-
like metallo-
beta-
lactamase

NZ_LT90661
4.1

1687457 1688275 - almG glycine--lipid 
A 
transferase 
AlmG

core AMR AMR COLISTIN COLISTIN EXACTX 273 273 100 100 273 WP_001881
365.1

glycine--lipid 
A 
transferase 
AlmG

NZ_LT90661
4.1

1688280 1688513 - almF lipid A 
modification 
system 
glycine 
carrier 
protein AlmF

core AMR AMR COLISTIN COLISTIN EXACTX 78 78 100 100 78 WP_000806
242.1

lipid A 
modification 
system 
glycine 
carrier 
protein AlmF

NZ_LT90661
4.1

1688500 1690167 - almE lipid A 
modification 
system 
glycine--
protein 
ligase AlmE

core AMR AMR COLISTIN COLISTIN BLASTX 556 556 100 98.38 556 WP_252944
138.1

lipid A 
modification 
system 
glycine--
protein 
ligase AlmE

NZ_LT90661
5.1

315307 315933 + catB9 type B-5 
chloramphe
nicol O-
acetyltransfe
rase CatB9

core AMR AMR PHENICOL CHLORAMPH
ENICOL

EXACTX 209 209 100 100 209 WP_001009
012.1

type B-5 
chloramphe
nicol O-
acetyltransfe
rase CatB9



CholeraeFinder

https://cge.food.dtu.dk/services/CholeraeFinder/ 25

Upload your results in FASTQ or FASTA 

(assembled genomes) format. The results 

will take a few minutes to appear

1



Identification of Genetic Elements

Annotation



IslandViewer 4

https://www.pathogenomics.sfu.ca/islandviewer 27

Predicts genomic islands (foreign DNA regions mostly acquired by horizontal transfer) using four methods 

(IslandPick-comparative genomics, IslandPath-DIMOB-mobility genes, SIGI-HMM-codon usage bias, Islander-integration 

near tRNA genes)



IslandViewer 4: Job Upload

https://www.pathogenomics.sfu.ca/islandviewer 28

1. File format: Use GenBank (.gbk/.gbff) 

or EMBL file

2. Choose file: Click “Choose File” and 

select your genome file.

3. (Optional) Add a genome name or 

email to be notified when the run 

finishes

4. Click “Upload”

Note: Whole genomes work best —

fragmented assemblies may give false 

positives or miss GIs

Optional



IslandViewer 4: Job Upload

https://www.pathogenomics.sfu.ca/islandviewer 29

1. Shows the pipeline steps (Prepare → 

Distance → SIGI-HMM → IslandPick → 

IslandPath-DIMOB → Annotation → 

Validation)

2. You can refresh the page or add an 

email to get notified when the run is 

complete (it make take some minutes)

Meaning: This page only tells you the 

analysis progress. Final genomic island 

predictions appear once all steps are 

complete



IslandViewer 4: Analysis of Results

https://www.pathogenomics.sfu.ca/islandviewer 30

1. Circular map (top): Chromosome 

with predicted genomic islands 

(colored blocks).

2. Linear map (bottom): Same 

information, but easier to zoom

3. Colors = methods used:

• Red = integrated predictions (agreement between 

methods)

• Blue = IslandPath-DIMOB

• Orange = SIGI-HMM

• Green = IslandPick

• Purple/red dots: annotated virulence or resistance 

genes (if present)



IslandViewer 4: Analysis of Results

https://www.pathogenomics.sfu.ca/islandviewer 31

1. By clicking in the region (≈2.23–2.25 

Mb), you can see the genes inside that 

island

2. The list shows:

• Method flags used to identify the GIs

• Gene ID/locus tag

• Protein name/function

3. No antimicrobial resistance genes were 

identified here

Meaning: This island likely contributes to 

pathogenicity rather than AMR



IslandViewer 4: Analysis of Results

https://www.pathogenomics.sfu.ca/islandviewer 32

1. The table lists all putative genomic

islands (GIs) detected

2. Each row = one predicted GI with:

• Start/End coordinates and size

• Which method(s) flagged it (e.g. 

IslandPick, SIGI-HMM, etc.)

• Click “View” to see region on the plot

• External annotations: genes of 

interest inside the GI (e.g. virulence 

genes, pathogen-associated genes)

• Download links for sequence, genes, 

and proteins



IslandViewer 4: Analysis of Results

https://www.pathogenomics.sfu.ca/islandviewer; https://github.com/brinkmanlab/IslandCompare 33

1. IslandViewer predicts putative genomic 

islands (GIs) but does not assign 

family names

2. In Vibrio cholerae, naming major 

families (e.g., SXT/R391 ICEs, VPI-1/2) 

requires alignment to known, 

curated GI reference sequences (plus 

identification of hallmark genes)

🚨 IslandCompare (within IslandViewer) 

currently provides curated GI references 

mainly for Salmonella, not Vibrio



ICEberg 3.0

https://tool2-mml.sjtu.edu.cn/ICEberg3/ 34

Provide a comprehensive, curated database and analysis platform for Integrative and Conjugative Elements (ICEs) 

and related mobile genetic elements, allowing users to explore, identify, and compare ICEs across bacterial genomes



ICEberg 3.0: Job Upload

https://tool2-mml.sjtu.edu.cn/ICEberg3/ 35

Click on Tools → ICEfinder in the top menu



ICEberg 3.0: Job Upload

https://tool2-mml.sjtu.edu.cn/ICEberg3/ 36

1. In ICEfinder, click “Choose File” and 

select the file containing your genome

2. Accepted formats include:

• GenBank format (.gb, .gbk, .gbff) → 

recommended, since it contains both 

sequence and feature annotations

• FASTA format (.fna, .fa) → accepted, 

but with fewer annotations (results may 

be less informative)

3. Click “Single Genome” (single cell 

finished genomes)

4. Press “Start Run”

1 2

3



ICEberg 3.0: Analysis of Results

https://tool2-mml.sjtu.edu.cn/ICEberg3/

• After uploading a genome file (FASTA or 

GenBank), ICEfinder starts an analysis job

• Each run is assigned a unique Job ID (e.g. 

VDn4scqUHA)

• The analysis takes a few minutes, depending on 

genome size

• When complete, ICEfinder shows “Done!” and 

provides a link

• Click to view the results!

• Results can also be retrieved later using the Job 

ID



ICEberg 3.0: Analysis of Results

https://tool2-mml.sjtu.edu.cn/ICEberg3/

Circle (right): genome map; blue bar = 

predicted ICE location

Table “Result View” (left):

• Region 1 → coordinates (125–151 

kb), length ~26 kb

• Type: T4SS-type ICE = core ICE 

signatures detected: integrase, 

relaxase, T4CP, T4SS

Meaning: Genome contains one ICE-like 

region

Click to see the 
annotated ICE



ICEberg 3.0: Analysis of Results

https://tool2-mml.sjtu.edu.cn/ICEberg3/

• Type: T4SS-type ICE → detected 

conjugation machinery (Type IV 

Secretion System)

• Location: coordinates 125–151 kb in 

the chromosome

• Length: ~26 kb region

• GC Content: 48.3 %, close to host 

genome

• Relaxase type: MOBH → enzyme 

that initiates DNA transfer

• Mating pair formation system: 

typeF → conjugative pilus system

Meaning: ICEfinder predicts one ICE-like region, identified as a T4SS-type 
element with MOBH relaxase and typeF conjugation system



ICEberg 3.0: Analysis of Results

https://tool2-mml.sjtu.edu.cn/ICEberg3/

• Top graph: GC% variation across 

the predicted ICE (differences may 

indicate foreign DNA)

• Colored blocks (bottom): functional 

genes/modules detected. E.g.,:

Ø Green = defense system

Ø Pink = T4SS genes

Ø Brown = relaxase

Meaning: The region has the typical 

modular structure of an ICE: conjugation 

genes + accessory/defense genes



ICEberg 3.0: Analysis of Results

https://tool2-mml.sjtu.edu.cn/ICEberg3/

• Each row = one gene in the 

predicted ICE region

• Columns:

Ø Coordinates/size → position on the 

genome

Ø Product → predicted protein function

Ø Feature → role in the ICE (defense, 

relaxase, T4CP, T4SS, etc.)

Meaning: Region has conjugation 

machinery + defense genes → typical 

ICE structure



ICEberg 3.0: Analysis of Results

https://tool2-mml.sjtu.edu.cn/ICEberg3/

Download section:

• DNA (region sequence) or Protein (all 

predicted proteins) can be saved as 

FASTA files

Comparison section:

• Predicted ICE region can be 

compared with ICEberg’s curated 

database

Two methods available: Mash (fast, k-

mer) or Multigeneblast (gene 

content/synteny)

Key point:
ICEberg detects ICE-like regions but does not always identify the ICE family.

👉 Extra “detective work” is needed — a good next step is to run Multigeneblast for 

similarity to known ICEs present in ICEberg database (“ICE Browse”)



ICEberg 3.0: Analysis of Results

https://tool2-mml.sjtu.edu.cn/ICEberg3/

• Rows = known ICEs; colored arrows = 

conserved genes

Ø Total score = weighted similarity of the ICE clusters 

(coverage + gene order + similarity)

Ø Cumulative BLAST bit score = sum of all gene-to-gene 

matches (raw sequence similarity)

• Predicted ICE matches several V. cholerae 

ICEs

Key point: ICEberg suggests related ICEs but 

may miss full length

👉 Confirm family/boundaries by aligning the 

full ICE (e.g. with progressiveMauve)



In summary

44

List of learning points in this session:

1. Genome annotation tools help detect key antimicrobial resistance and virulence traits.
2. ICEfinder detects ICE-like elements, but family identification may require sequence alignment.
3. IslandViewer predicts where genomic islands are, but it does not name families.
4. In Vibrio, identification of known GIs (e.g., VPI-1, VSP-2, SXT) requires comparison with
literature-curated references and alignment tools (e.g., BLAST, progressiveMauve).
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