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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 @

This session consists of the following elements:

. Introduction to genome annotation for AMR and virulence genes
. Predicting ICEs using ICEfinder: input, outputs, and interpretation

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

D W N =

. Understanding the limits of automated predictions and the need for literature and sequence
alignment to identify known GI families (e.g., in Vibrio cholerae)



What best describes your
experience with bioinformatics or
computational tools?

@ The Slido app must be installed on every computer you're presenting from SlidO


https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
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In silico Bacterial Genome Annotation @Eé
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RAW READS Database of known genes

(e.g., AMR genes and mutations,
virulence genes, genomic islands)

Plain language Antimicrobial
report of resistance
identified genes phenotype

DE NOVO ASSEMBLY

>Enterococcus_faecalis_ATCC_29212_1

ATGCCCGACGTGGAAAGTTTTTGGCATAGCCTTGAAGAAGCCTATCAAGCGATTTTGTCG
GCGCCAAGTTTTGATGCTTGGATTAAAACCACACGCCCTTTGAAATTAGACAACAATCAA
TTGTGGCTAGAAGTCCCTTCTGCAGTTCATCGTGATTACTGGGAAAAAAATCTTTCGGCA
AAAATTGTCGAAACTGGATTTAAATTGACCGGTGCAGAAGTGATGCCCCATTTTGTTGTT
GCCGATGAAAAAGACGCAGCACTGGCACAAGAACTCGAAGAACCTGCCGAAGAAGAAGTT
GTTTTTAGTGAACAAAGTAAAAAAGCGATGCTTAATCCTAAGTACACTTTCGACACCTTC

GTTATTGGTAAAGGAAACCAAATGGCGCACGCTGCAGCGCTTGTTGTTGCCGAGGATCCT
GGTTCGATTTACAATCCCCTTTTCTTCTATGGTGGTGTAGGGTTAGGGAAAACCCATTTG
ATGCATGCTATTGGTCATCAAATGTTAGTGAATCAACCAGATGCCAAAGTCAAATATGTT
AGTAGCGAAACGTTTACGAATGAATTTATCAACTCAATTCAAACAAAGACATCCGAACAA
TTTCGGAAAGAATATCGCAATGTTGACTTATTATTAGTCGATGATATTCAATTTTTGGCG
GAAAAAGAAGCAACATTGGAAGAATTTTTCCATACCTTCAACGATCTTTACAATGAAAAT
AAACAAATTGTTTTAACAAGTGATCGCCCGCCGAATGATATTCCAAAATTACCTGAACGA

Automatically
predicted by
a few pipelines

Output matches
between sequence
data and database

entries

Input sequence data as - Bioinformatic

Pipelin
raw reads or assembly peline —

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




Why using WGS for Genome Analysis? @ C
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Traditional Pipeline

DNA Bacterial Antimicrobial Search of Mobilome and bacterial
extraction ; identification  susceptibility : AMR genes ; typing (several techniques) En:d

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




Annotation

Detection of Antimicrobial Resistance
(AMR) genes and Virulence factors



AMR Fenotype/Genotype Prediction Tools @c

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

ResFinder General AMR FASTA, http://genepi.food.dtu.dk/resfinder
(C, SB) (genotype, phenotype) FASTQ
PointFinder Selected mutations FASTA, http://genepi.food.dtu.dk/resfinder
(C, SB) (genotype) FASTQ
AMRFinderPlus General AMR FASTA https://github.com/ncbi/amr/wiki
(C) (genotype)
RGI (CARD) General AMR FASTA https://card.mcmaster.ca/
(C, SB) (genotype)
ABRicate Multiple databases (AMR, FASTA https://github.com/tseemann/abricate
(C) virulence, plasmids)
BV-BRC General FASTA https://www.bv-brc.org/
(SB, uses RAST) Annotation (genotype,
phenotype)
Pathogenwatch General AMR FASTA, https://pathogen.watch/
(SB) (genotype, phenotype — FASTQ

some pathogens)

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



Genotype vs Phenotype Concordance

P—
Pathogen No.of  AST No. of Bioinformatic tool Sequencing data Concordance f| Sensitivity Specificity Comment References
pathogens method antimicrobials
2013 S. Typhimurium 49  MC 17 ResFinder Assembled, Velvet 90.74% Disagreement: 7 isolates 0 Several /n sifico AMR pred iction tools
E. coli 48 including 6 E. coli resistent to
. Spec
E. faecalis 50 14 H = =
. were used (ResFinder, PointFinder,
E. faecium 50
2013 E. coli (ESBL) 74 DD 7 BLASTN, selected panel  Assembled, Velvet 96% 97% VM rate: 1.2%/M rate: 2.1% (5]
K. pneumonia 69 - i
< pro ARG-ANNOT, CARD, GeneFinder,
2014 S. aureus 501 DD/MIC 12 BLASTN, selected panel Assembled, Velvet 97% 99% VM rate: 0.5%/M rate: 0.7% ©)
tek)
o (k) Mykrobe, Cortex, ARIBA)
2016 C. jejuni 32 MIC 9 BLASTX Assembled, 99.2% Lower concordance to (10)
C. coli 82 GLe-vlo Gen, Az, Clin, Tel
2016 S. enterica 104 MIC 14 ResFinder/ Assembled, 99.0% 99.2% 99.3% Lower concordance to (11)
ARG-ANNOT/ CLC-bio
536 CARD/BLAST 97.6% 98.0% aminoglycosides/p-lactams
2017 E. coli 31 MIC 4 Custom DB based on 87% 98% Neg. predictive value: 97% (12)
K. pneurnonia 24 ARDB/CARD/B- Pos. Predictive value: 91%
P 4 lactamase
2 aeruginosa 22
allelles
E. cloacae 13
2017 S. enterica 50 MIC 4 ResFinder/ Assembled, SPAdes 98.4% Disagreement: (13)
E. coli 50 6 PointFinder 2/2 C.jejuni to FQ/ERY
C. jejuni 50 4 5 E. coli to COL (pmrB) = o
2018 E. faecalis 97 MIC 11 ResFinder/NCBI Assembled, 96.5% (14) H Igh concordance (>96 /0) between
E. faecium 100 Pathogen DB/BLAST CLC-bio
2018 S. aureus 501 DD/MIC 12 GeneFinder/ FASTQ/assembled, 98.3% Disagreements: (15)
491 Mykrobe/ BLAST 0.7% predicted resistant the presence Of known AM R genes Or
397 MIC Typewriter 0.6% predicted susceptible
2018 M. tuberculosis 10,209  MGIT 4 Cortex Assembled 89.5% 97.1%/99.0% predicted R/S (16) m utations (genotype)
960 4 97.5%/98.8% predicted R/S
4 94.6%/93.6% predicted R/S
a 91.3%/96.8% predicted R/S and the DD and/or MIC data
2019 H. pylori 140 MIC 5 ARIBA FASTQ 99% Phenotype issues to (17)
(E-test) metronidazole
A—
1) ESBL: Extended Spectrum Beta-Lactamase, 2) MIC: Minimum Inhibitory Concentration, 3) DD: Disk diffusion, 4) VM: Very Major, 5) M: Major, 6) R/S: Resistant/Susceptible, 7) SPEC: Spectinomycin, 8) GEN: Gentamicin, 9) AZI: (phenOtype)

Azithromycin, 10) CLIN: Clindamycin, 11) TEL: Telithromycin, 12) FQ: Fluoroquinolone, 13) ERY: Erythromycin, 14) COL: colistin.

Hendriksen S. et al. (2019). Front Public Health. 7:242; Bortolaia V. et al. (2020). J Antimicrob Chemother. 75(12):3491-3500
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One Day in Denmark: Comparison of
Phenotypic and Genotypic
Antimicrobial Susceptibility Testing
in Bacterial Isolates From Clinical
Settings

Ana Rita Rebelo™, Valeria Bortolaia'2, Pimlapas Leekitcharoenphon’,
Dennis Schroder Hansen?, Hans Linde Nielsen*®, Svend Ellermann-Eriksens®,
Michael Kemp?, Bent Lowe Roader8, Niels Frimodt-Moller?,

Turid Snekloth Sendergaard’®, John Eugenio Coia'’, Claus @stergaard’2,
Henrik Westh'314 and Frank M. Aarestrup’

" National Food Institute, Technical University of Denmark, Kongens Lyngby, Denmark, 2 Department of Bacteria, Parasites
and Fungi, Statens Serum Institut, Copenhagen, Denmark, * Department of Clinical Microbiology, Herlev and Gentofte
Hospital, Herlev, Denmark, * Department of Clinical Microbiology, Aalborg University Hospital, Aalborg, Denmark,

° Department of Clinical Medicine, Aalborg University, Aalborg, Denmark, © Department of Clinical Microbiology, Aarhus
University Hospital, Aarhus, Denmark, ” Department of Clinical Microbiology, Odense University Hospital, Odense, Denmark,
& Department of Clinical Microbiology, Slagelse Hospital, Slagelse, Denmark, ° Department of Clinical Microbiology,
Rigshospitalet, Copenhagen, Denmark, '° Department of Clinical Microbiology, Hospital of Southern Jutland, Senderborg,
Denmark, "' Department of Clinical Microbiology, Hospital of South West Jutland, Esbjerg, Denmark, > Department of Clinical
Microbiology, Vejle Hospital, Vejle, Denmark, '3 Department of Clinical Microbiology, Hvidovre Hospital, Copenhagen
University Hospital - Amager and Hvidovre, Hvidovre, Denmark, ' Department of Clinical Medicine, University

of Copenhagen, Copenhagen, Denmark

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

Antimicrobial susceptibility testing (AST) should be fast and accurate, leading to
proper interventions and therapeutic success. Clinical microbiology laboratories rely
on phenotypic methods, but the continuous improvement and decrease in the cost
of whole-genome sequencing (WGS) technologies make them an attractive alternative.
Studies evaluating the performance of WGS-based prediction of antimicrobial resistance
(AMR) for selected bacterial species have shown promising results. There are,
however, significant gaps in the literature evaluating the applicability of WGS as a
diagnostics method in real-life clinical settings against the range of bacterial pathogens
experienced there. Thus, we compared standard phenotypic AST results with WGS-
based predictions of AMR profiles in bacterial isolates without preselection of defined
species, to evaluate the applicability of WGS as a diagnostics method in clinical
settings. We collected all bacterial isolates processed by all Danish Clinical Microbiology
Laboratories in 1 day. We randomly selected 500 isolates without any preselection
of species. We performed AST through standard broth microdilution (BMD) for 488
isolates (n = 6,487 phenotypic AST results) and compared results with in silico
antibiograms obtained through WGS (lllumina NextSeq) followed by bioinformatics
analyses using ResFinder 4.0 (n = 5,229 comparisons). A higher proportion of AMR




Genotype vs Phenotype Concordance
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antimicrobial susceptibility profiles

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

Concordance: MIC-S / WGS-S = Concordance: MIC-R / WGS-R Dicordance: MIC-S / WGS-R = Discordance: MIC-R / WGS-S

Staphylococcus spp. (n=103/ 1,226) EE
Streptococcus spp. (n=55/ 570) B
Enterococcus spp. (n=32/ 137) B
Corynebacterium spp. (n=3/ 21)
Aerococcus spp. (n=5/15)

Enterobacterales (n=243/ 2,839) 198
IPseudomonas aeruginosa (n=21/ 189) I
Haemophilus influenzae (n=14/ 140)

Moraxella catarrhalis (n=10/ 90)
Stenotrophomonas maltophilia (n=2/ 2)
TOTAL Gram-positives (n=198/ 1,969) g
TOTAL Gram-negatives (n=290/ 3,260)
GRAND TOTAL (n=488/ 5,229) 08
0% 10% 20% 30% 40% 50% 60% 70% 90% 100%
PERCENTAGE

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

.
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What is already known?
Vaccines i
Antimicrobial resistance
Pathogenicity islands

Pathogenic genes
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What is novel?
Drug targets
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Virulence genes
Resistance genes
SNPs
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Florensa AF. et al. (2022). Microb Genom. 8(1):000748; https://www.genomicepidemiology.org/

Scaling neighbor joining to one
million taxa with dynamic and
heuristic neighbor joining

January 2023

Link to article....

SourceFinder: a Machine-Learning-
Based Tool for Identification of
Chromosomal, Plasmid, and
Bacteriophage  Sequences  from
Assemblies

November 2022

Link to article....

PlasmidHostFinder: prediction of
plasmid hosts using random forest
April 2022

Link to article....

ResFinder — an open online resource
for identification of antimicrobial
resistance genes in next-generation
sequencing data and prediction of
phenotypes from genotypes

January 2022
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Click SERVICES to see

all the available tools

Phenotyping

ResFinder

Identifcation of acquired antibiotic resistance genes.
and chromosomal gene mutations

ResFinderFG

Identifcation of functional metagenomic antibiotic
resistance determinants.

LRE-finder

Identifcation of genes and mutations leading to linezolid
resistance.

KmerResistance

Identifcation of acquired antibiotic resistance genes
using Kmers.




ResFinder: Job Upload

»

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

ResFinder

Version

450 v

ResFinder identifies acquired genes and/or finds chromosomal mutations mediating antimicrobial resistance in total or partial DNA sequence of

bacteria.

ResFinder software: (2024-03-22)
ResFinder database: (2024-03-22)
PointFinder database: (2024-03-08)
DisinFinder database: (2023-05-31)

Chromosomal point mutations:

Acquired antimicrobial resistance genes:

Threshold for %ID
90%
Minimum length

60%

Threshold for %ID
v 90%
Minimum length

v 60%

—
C) Show unknown mutations

DISEASE PREVENTION

Alignment length = 12

/\

Query ! 1 100% identity
(12bp) 100% coverage

Reference

(18 bp) , |

Vv

Identity length = 12

100% identity
70% coverage

3

% identity and coverage can be

adjusted if necessary

() Ignore premature stop codons:

() Ignore frameshift indels:

>

Click to view known and unknown

mutations associated with AMR
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Species and input data type: Disinfectant: Species-relevant prediction of
Select species ( . Run disinfectant 4 . .
,| clinically relevant phenotypes*
I Other I v Threshold for %ID
Select input type oo o for selected antimicrobial agents
FASTA (Assembled Genome/Contigs) v Minimum length
Species and input data type:
60% v

v FASTA (Assembled Genome/Contigs)

Select species
FASTQ (Non-nanopore Reads) 5

FASTQ (Nanopore Reads)

v Other
Campylobacter jejuni*

Campylobacter coli*

Upload and submit jOb: Campylobacter spp.*
Enterococcus faecalis*

Email (Get email, when finished - Optional):
Enterococcus faecium*

Enter your email address... Escherichia coli*

Files (The sum of uploaded file sizes cannot exceed 1 gb): ) o ) ] Helicobacter pylori*
*ResFinder phenotype predictions were validated using MIC Klebsiella*
Choose file | No file chosen values (BMD or Etest) and WGS data (Illumina sequencing). Mycobacterium tuberculosis*
i i i i Neisseria gonorrhoeae*
Choose file | No file chosen Phenotypic AST results were mainly interpreted using the blasmodium falcinaram®

EUCAST epidemiological cut-off values (ECOFFs) to categorize

. Salmonella spp*
Submit Job isolates as WT (MIC<ECOFF) and non-WT (MIC>ECOFF). Staphylococcus aureus*

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

Species and input data type:

Select species
Other
Select input type

FASTA (Assembled Genome/Contigs)

Upload and submit job:

Disinfectant:
C) Run disinfectant
Threshold for %ID

90%
Minimum length

60%

eCOC

EUROPEAN CENTKE FOR
CASEASE PREVENTION
AND CONTROL

Write your email to receive the

> results when finished

Email (Get email, when finished - Optional):
Enter your email address...

Files (The sum of uploaded file sizes cannot exceed 1 gb):

Choose file | No file chosen

Choose file fNo file chosen
O

I ¢ (-

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

»| Upload the .fasta or .fastq files of

your bacterial genome for analysis

B .




ResFinder: Analysis of Results

Phenotypes ‘

e 4

Antimicrobial

gentamicin
tobramycin
amikacin
ciprofloxacin
nalidixic acid
ampicillin
ampicillin+clavulanic acid
cefepime
cefotaxime
cefoxitin
ceftazidime
ertapenem
imipenem
meropenem
piperacillinttazobactam
temocillin
sulfamethoxazole
trimethoprim
fosfomycin
azithromycin
tetracycline
tigecycline
chloramphenicol

colistin

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

Class

aminoglycoside
aminoglycoside
aminoglycoside
quinolone
quinolone
beta-lactam
beta-lactam
beta-lactam
beta-lactam
beta-lactam
beta-lactam
beta-lactam
beta-lactam
beta-lactam
beta-lactam
beta-lactam
folate pathway antagonist
folate pathway antagonist
fosfomycin
macrolide
tetracycline
tetracycline
amphenicol

polymyxin

WGS-predicted phenotype

Resistant

Resistant

Resistant

© Hide

Genetic background

blaTEM-1A;;1;;HM749966

sul1;;2;;,U12338

dfrA1;;10;;AF203818

tet(M);;5;,U58985

cmlA1;;1;;M64556
mcer-1.1;,1,,KP347127

EUROPEAN CENTRE FOR
DISEASE PREVENTION
AND CONTROL

Prediction of species-specific in
silico antibiograms

¥

Only known AMR mechanisms
are detected

=

When using (“All” option)
interpretation of results must
be executed carefully =
knowledge on intrinsic
resistance (often mediated by
structural traits) is essential
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| Acquired AMR gene hits | ‘ © Hide

Alignment
Reclet Posttloni Posttloni A :
esistance Identity length/gene osttion in Contig or depth ost |o.n n Phenotype PMID ceession Notes
gene reference contig no.
length
['streptomycin,
aadA2b 99.87% 780/ 780 1..780 DTU_2022_1023502_1_SI_S21FP06270_NODE_159_length_4297_cov_16.349400 1726...2505 SpectinrTyein] 85862590 D43625
['kanamycin', 'neomycin’,
ivid in,
aph(3)la  100.00% 816/816 1..816 DTU_2022_1023502_1_S1_S21FP06270_NODE_216_length_1293_cov_9.157804  214..1029 ,F')‘;'m‘:nmoy;;'cin, 6270337 V00359
'ribostamycin’]
e — Alternative
aadA1 100.00% 722/792 1..722 DTU_2022_1023502_1_SI_S21FP06270_NODE_245_length_737_cov_42.177049 16...737 'S ec':t)inorr)\l cirll'] 23180481 JQ414041 name
P A ant(3")-la
['amoxicillin', ‘ampicillin’,
blaTEM-1A 100.00% 861/ 861 1...861 DTU_2022_1023502_1_SI_S21FP06270_NODE_19_length_64335_cov_9.271337  4073...4933 'piperacillin|, 'ticarcillin’, 21393132 HM749966 Class A
'cephalothin]
mcr-1.1 100.00% 1626/ 1626 1..1626 DTU_2022_1023502_1_SI_S21FP06270_NODE_179_length_2787_cov_8.350000  239...1864 ['colistin]] 26603172 KP347127
MFS
cmlA1 99.92% 1260/ 1260 1221260 DTU_2022_1023502_1_SI_S21FP06270_NODE_159_length_4297_cov_16.349400 205..1464 ['chloramphenicol 1648560 M64556 —_
sul1 100.00% 840/ 840 1...840 DTU_2022_1023502_1_SI_S21FP06270_NODE_144_length_6159_cov_10.065816 702..1541 ['sulfamethoxazole'] unpublished U12338
sul3 100.00% 792/792 1..792 DTU_2022_1023502_1_SI_S21FP06270_NODE_155_length_4607_cov_16.789286 1938...2729 ['sulfamethoxazole] 12604565 AJ459418
['tetracycline’,
tet(M) 99.17% 1920/ 1920 1...1920 DTU_2022_1023502_1_SI_S21FP06270_NODE_180_length_2631_cov_8.655351 522...2441 ‘doxycycline’, 9372426 U58985

'minocycline’]

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




ResFinder: Analysis of Results @ C
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Acquired AMR gene hits

Alignment

Resistance . Position in .
o Identity Ienlg::;i;:ne a—— Contig or depth
—— genome/total length of the reference gene
aadA2b  99.87% 780/ 780 1..780 DTU_2022_1023502_1_SI_S21FP06270_NODE. 150 Temgrremwewsaaiadld_ in the database
|:> aph(3)-la 100.00% ..816 DTU_2022_1023502_1_SI_S21FP06270_NODE_216_length_1293_cov_9.157804 Example: 780/780 means our sequence
aligned for 780 bases out of the full
aadA1 100.00% 722/ 792 1023502_1_S1_S21FP06270_NODE_245_length_737_cov_42.177049 Qeference gene j
blaTEM-1A  100.00% 861/ 861 ..861 DTU_2022_1023502_1_S The dark green color \
mer-1.1 100.00% 1626/ 1626 1626 DTU_2022_1023502_1_SI_S21FP06270_NODE_179_lengt
cmlA1 99.92% 1260/ 1260 1260 DTU_2022_1023502_1_SI_S21FP06270_NODE_159_length_4297_cov_16.349400 Indicates a perfect match for a give
. . 5
sull 100.00% 840/ 840 ...840 DTU_2022_1023502_1_SI_S21FP06270_NODE_144_length_6159_cov_10.065816 gene. Identity is 100% and the
sul3 100.00% 792/ 792 792 DTU_2022_1023502_1_S|_S21FP06270_NODE_155_length_4607_cov_16.789286 sequence in the genome covers the
entire length of the resistance gene in
tet(M) 99.17% 1920/ 1920 ..1920 DTU_2022_1023502_1_SI_S21FP06270_NODE_180_length_2631_cov_8.655351

ﬁhe number of aligned bases in OLh

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

Qhe database

J
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Acquired AMR gene hits

Resistance Algnment Position in \
e Identity Ienlgth/gene e fiarie Contig or depth Th e grey COI or
ength
aadA2b  99.87% 780/ 780 1..780 DTU_2022_1023502_1_S|_S21FP06270_NODE_159_length_4297_cov_16.349400 . .
Indicates a warning due to a non-perfect
match, % ID is 100% = alignment length
aph(3)-la  100.00% 816/ 816 1..816 DTU_2022_1023502 LoSieadsms . s .
\IS different than resistance gene length )
.}:
aadA1 100.00% 1..722 DTU_2022_1023502_1_S1_S21FP06270_NODE_245_length_737_cov_42.177049
blaTEM-TA  100.00% 861/ 861 1..861 DTU_2022_1023502_1_S|_S21FP06270_NODE_19_length_64335_cov_9.271337 \
mer-1.1 100.00% 1626 / 1626 1..1626 DTU_2022_1023502_1_S|_S21FP06270_NODE_179_length_2787_cov_8.350000 The light green color
cmlA1 99.92% 1260/ 1260 1..1260 DTU_2022_1023502_1_S|_S21FP06270_NODE_159_length_4297_cov_16.349400
Indicates a warning due to a non-perfect
sul1 100.00% 8407370 ) 0 0 q
sul3 100.00% 792/ 792 1..792 DTU_2022_1023502_1_S|_SZ2 1T PUG2 70 -Tro e matCh’ % ID < 100% - a"gnment Iength
*\is equal to the resistance gene length )
tet(M) 99.17% 1920/ 1920 1..1920 DTU_2022_1023502_1_SI_S21FP06270_NODE_180_length_2631_cov_8.65535T

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

Identi
N entity

aadA2b 99.87%

aph(3')-la 100.00%

aadA1 100.00%

blaTEM-1A  100.00%
mer-1.1 100.00%
cmiA1 99.92%
sul1 100.00%
sul3 100.00%
tet(M) 99.17%

Gene Alignments

Show gene alignments

Alignment
length/gene
length

780/

816/

722/

861/

1626 /
1260/
840/

792/

1920/

Position in
reference

1..780

1..816

1..722

1...861

1..1626

1...1260

1...840

1..792

1...1920

Contig or depth

DTU_2022_1023502_1_SI_S21FP06270_NODE_159_length_4297_cov_16.349400

DTU_2022_1023502_1_SI_S21FP06270_NODE_216_length_1293_cov_9.157804

DTU_2022_1023502_1_SI_S21FP06270_NODE_245_length_737_cov_42.177049

DTU_2022_1023502_1_SI_S21FP06270_NODE_19_length_64335_cov_9.271337

DTU_2022_1023502_1_SI_S21FP06270_NODE_179_length_2787_cov_8.350000
DTU_2022_1023502_1_SI_S21FP06270_NODE_159_length_4297_cov_16.349400
DTU_2022_1023502_1_SI_S21FP06270_NODE_144_length_6159_cov_10.065816

DTU_2022_1023502_1_SI_S21FP06270_NODE_155_length_4607_cov_16.789286

DTU_2022_1023502_1_SI_S21FP06270_NODE_180_length_2631_cov_8.655351

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

B

EUROPEAN CENTKE FOR
CASEASE PREVENTION
AND CONTROL

Click ™

see the alignment between the query

Show Gene Alignments” to

and the reference gene

aph(3")-Ia

Reference sequence:
Query sequence:

Reference sequence:
Query sequence:

Reference sequence:
Query sequence:

ATGTTCATGCCGCCTGTTTTTCCTGCTCATTGGCACGTTTCGCAACCTGT
ATGTTCATGCCGCCTGTTTTTCCTGCTCATTGGCACGTTTCGCAACCTGT
TCTCATTGCGGACACCTTTTCCAGCCTCGTTTGGAAAGTTTCATTGCCAG
TCTCATTGCGGACACCTTTTCCAGCCTCGTTTGGAAAGTTTCATTGCCAG
ACGGGACTCCTGCAATCGTCAAGGGATTGAAACCTATAGAAGACATTGCT
ACGGGACTCCTGCAATCGTCAAGGGATTGAAACCTATAGAAGACATTGCT]

v



ResFinder: Analysis of Results @

EUROPEAN CENTRE FOR
DISEASE PREVENTION
AND CONTROL

I Chromosomal mutations mediating AMR I ‘ © Hide
=
Gene / . Alignment Length Position in Position in Accession
Ident Confi Depth PMID Not
Region entity / Gene Length reference S config no. otes
N N i
gyrA 99.51% 2628 /2628 1..2628 DTU_2022_1023502_1_SI_S21FP06270_NODE_47_length_37275_cov_8.114380 23787..26414 PMcI)D CP073768.1 notZs MUtatlons known to
. . — confer resistance to
Mutation Nucleotide change Amino acid change Phenotype PMID Notes
p.S83L teg>ttg s->1 ciprofloxacin,nalidixic acid 8891148,2168148,12654733 undefined anti biOtiCS will appear
p.D87N gac>aac d->n ciprofloxacin,nalidixic acid 12654733,22878251,1850972 undefined
> ]
bellow the
G Ali t Length Position i Positi A i H
en.e / Identity ignment Length / osition in onnglorDepth \ osition PMID ccession — Correspondlng gene
Region Gene Length reference in config no.
N N
parC 99.87% 2259 /2259 1..2259 DTU_2022_1023502_1_SI_S21FP06270_NODE_51_length_35503_cov_8.962517 6191..8449 PMTD CP084529.1 not(;s (e'g" gyfA or pa/‘C
mutations)
Mutation Nucleotide change Amino acid change Phenotype PMID Notes
p.S80I agc>atc s->i ciprofloxacin,nalidixic acid 8851598,21856834-20638608,8524852,25631675 undefined
—
G Ali t Length Position i Position i A i
en.e/ Identity ignment Leng osition in Config or Depth osition in PMID ccession Notes NO kn own
Region / Gene Length reference config no. .
. . mutations
o o
gyrB 99.13 2415/ 2415 1..2415 DTU_2022_1023502_1_SI_S21FP06270_NODE_29_length_49656_cov_8.154071 33866..36280 PMID CP047010.1 Hotes detected

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




ResFinder: Analysis of Results @ C

DISEASE PREVENTION

Downloads

Table downloads

Download phenotypetable (txt)  Download species specific phenotype table (txt)

Results astext  Hit in genome sequences  Resistance gene sequences  Results as tabseperated file

Download acquired AMR gene results:

Download Chromosomal point mutation results:

Results as tabseperated file  Results as text file

‘ Download all or species-specific phenotypic and genotypic data in a . &xtfile format

‘ Download of acquired AMR genes (.&xt file format) and gene sequences (.7/asta file format) ‘

Download of chromosomal point mutations in a .&x¢ file format

Bortolaia V. et al. (2020). J Antimicrob Chemother. 75(12):3491-3500; http://genepi.food.dtu.dk/resfinder
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National Center for e s
Biotechnology Information

CASEASE PREVENTION
AND CONTROL

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 -0 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 -0 Vibrio_cholerae --plus -o AMRFinderPlus_plus_results

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



PNLM £

National Center for € .
Biotechnology Information e
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AMRFinderPlus: Output

Stop Strand Element Class Subclass Method

name

Element
symbol

Scope Subtype Reference % % Identity Alignment Closest Closest
sequence Coverage to length reference reference
length of reference accession name

reference

NZ_LT90661 1566982 1567353 ctxB cholera plus VIRULENCE VIRULENCE NA NA EXACTX 124 124 100 100 124 AAF94613.1 cholera

4.1 enterotoxin enterotoxin
binding binding
subunit CtxB subunit CtxB

NZ_LT90661 1567353 1568126 - ctxA cholera plus VIRULENCE VIRULENCE NA NA EXACTX 258 258 100 100 258 AAF94614.1 cholera

4.1 enterotoxin enterotoxin
catalytic catalytic
subunit CtxA subunit CtxA

NZ_LT90661 1674334 1675455 + varG VarG family core AMR AMR BETA- CARBAPENE EXACTX 374 374 100 100 374 WP_000778 VarG family

4.1 subclass B1- LACTAM M 180.1 subclass B1-
like metallo- like metallo-
beta- beta-
lactamase lactamase

NZ_LT90661 1687457 1688275 - almG glycine--lipid core AMR AMR COLISTIN  COLISTIN  EXACTX 273 273 100 100 273 WP_001881 glycine--lipid

4.1 A 365.1 A
transferase transferase
AlmG AlmG

NZ_LT90661 1688280 1688513 - almF lipid A core AMR AMR COLISTIN  COLISTIN  EXACTX 78 78 100 100 78 WP_000806 lipid A

4.1 modification 242.1 modification
system system
glycine glycine
carrier carrier
protein AlmF protein AImF

NZ_LT90661 1688500 1690167 - almE lipid A core AMR AMR COLISTIN  COLISTIN  BLASTX 556 556 100 98.38 556 WP_252944 lipid A

4.1 modification 138.1 modification
system system
glycine-- glycine--
protein protein
ligase AImE ligase AImE

NZ_LT90661 315307 315933 + catB9 type B-5 core AMR AMR PHENICOL CHLORAMPHEXACTX 209 209 100 100 209 WP_001009 type B-5

5.1 chloramphe ENICOL 012.1 chloramphe
nicol O- nicol O-
acetyltransfe acetyltransfe
rase CatB9 rase CatB9

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

Center for Genomic Epidemiology

Services Instructions

CholeraeFinder 1.0

This tool is no longer being supported or maintained.

CholeraeFinder identifies Vibrio Cholerae serogroup/biotypes, and genes of interest for the pathologic types.

]
]
[New | Rese | Loon ]

Article abstract

Select threshold for %ID
(98 % v|

Select minimum length
Length a gene in the genome at least has to cover of the length of the gene in the database to be outputted
(60 % v|

Select type of your reads
| Assembled Genome/Contigs* v|

P} Isolate File

Name Size Progress

) o
‘ [ Remove

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

Upload your results in FASTQ or FASTA
Status

(assembled genomes) format. The results

will take a few minutes to appear

B .



Annotation

Identification of Genetic Elements



IslandViewer 4 @Eéc

EUROPEAN CENTRE FOR
DISEASE PREVENTION
AND CONTROL

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 ian integrated interface for computational identification and visualization of genomic islands

BROWSE ABOUT GENOME UPLOAD DOWNLOAD RESOURCES CONTACT US FAQ ACKNOWLEDGEMENTS HTTP API LOGIN

IsLANDVIEWER

If you use IslandViewer for your
research, please cite the most recent IslandViewer is a computational tool that integrates four different genomic island prediction methods: IslandPick, IslandPath-DIMOB, SIGI-HMM, and Islander. For more information about methods and analyses see here
publication. Thank You! and in the FAQs

Bertelli, C. et al. 2017.

"lslandViewer 4: Expanded prediction Try our user management interface available under LOGIN (optional), and submit here your custom genome to predict genomic islands using IslandPick, IslandPath-DIMOB, and SIGI-HMM.

of genomic islands for larger-scale Or browse the pre-computed genomic island predictions for publicly available genomes, including Islander predictions as well:
datasets"

Select or start typing a species name, strain name or genome accession... v
Nucleic Acids Research. 2017 May 2.

doi: 10.1093/nar/gkx343 .
ol narig Example, Example (incomplete genome)

If you would like to do more

comparative analysis of NEws
genomes/genomic islands try our

new tool 2024-12-13 - Yesterday there was an unscheduled downtime but this has now been rectified. We apologize for any inconvenience and if you have any further problems please don't hesitate to contact us.

IslandCompare

2024-09-06 - The most recent update of the IslandViewer reference database has completed after making significant back-end changes to our update process so the update could occur with minimal downtime. This is a

major update, and IslandViewer now has pre-computed Gl results for 34,184 genomes. Please contact us at islandpick-mail@sfu.ca if you have any questions.

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




IslandViewer 4: Job Upload eC0C

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

EUROPEAN CENTRE FOR
DISEASE PREVENTION
AND CONTROL

IslandViewer 4 1an integrated interface for computational identification and visualization of genomic islands

BROWSE ABOUT GENOME UPLOAD DOWNLOAD RESOURCES CONTACT US FAQ ACKNOWLEDGEMENTS HTTP API

DOWNLOAD RESOURCES CONTACT US FAQ ACKNOWLEDGEMENTS HTTP API LOGIN

GEeNnomE UrPLOAD

Users can log into the user management interface (see LOGIN menu) using Github or Google credentials facilitating access to results.
To analyze larger batches of genomes, an HTTP APl is available to submit genomes and retrieve results programmatically using curl, python or perl. More information is available here.
Genomic island predictions can be calculated for your genome using IslandPick, IslandPath-DIMOB, and SIGI-HMM. More Information. See our FAQs.

We only accept user genomes that are formatted in EMBL or GENBANK format. Examples of genome files you should submit: GENBANK, EMBL. If your data was generated by Prokka, please ensure you use Prokka's --

complaint flag to generate standard compliant output. IslandViewer will not be able to process it otherwise.

Genbank v| | Choose File | No file chosen

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

Genome name (optional): Email address to be notified upon completion (optional):

-
| || Optional
(this may take several minutes)

Note for incomplete genomes

Incomplete genomes are now accepted as input due to popular demand. However, whole genome analysis is still preferred to reduce false predictions and missing Gls. Please use at your own risk. We suggest to minimize the
number of contigs before performing Gl analysis and carefully evaluate all results from such custom jobs. Contigs will be ordered against a user-selected reference genome using the Mauve contig orderer (Rissman et al.,

2009). Please note that annotation of the contigs is still required.




IslandViewer 4: Job Upload @&

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

EUROPEAN CENTRE FOR
DISEASE PREVENTION
AND CONTROL

IslandViewer 4 1an integrated interface for computational identification and visualization of genomic islands

BROWSE ABOUT GENOME UPLOAD DOWNLOAD RESOURCES CONTACT US FAQ ACKNOWLEDGEMENTS HTTP API LOGIN

The analysis is not yet complete, please Prepare
check back to this page in a while, or
you will be notified by email when the
analysis is complete if you elected to Distance
enter an email address.
The graph to the right will show you the
SIGI-HMM Islandpick IslandPath-DIMOB

status of the Islandviewer pipeline.

Legend:

l:l Pending
Running

Complete

- Error

Validating Pipeline

VIBRIO_CHOLERAE_TEST

You can refresh this web browser link to get a status update and eventually see the final results, and/or get notification by email when the job completes. If you wish to add an email for additional notification, please add it here:

Enter email Submit Email

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

Emails to be notified upon completion: joam@food.dtu.dk «



IslandViewer 4: Analysis of Results

1.

Circular map (top): Chromosome
with predicted genomic islands
(colored blocks).

Linear map (bottom): Same
information, but easier to zoom
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)

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

ViBRIO CHOLERAE 2740-80 cHROMOSOME 1, COMPLETE SEQUENCE.

Predicted genomic islands and virulence/resistance gene annotations
(when available) are coloured within the images based on the legend.

Individual items for display can be selected below.

Take a tour

Legend (Help)

Prediction Methods
integrated
isiandPath-DIMOB
isiandPick

(Not available)

VF/AMR Annotations
@curated virulence factors
Curated resistance genes (No results found)
1.5M
° o: g .° oooo.sog ® og o o o %80 :oo ? ooooo © 0o 2.%.% e.o%.% 9,0 e oog
\H%ﬁ 0 101 111 0001 ‘ i 75 | | IS & L0 [ O TR HHHHHHIW |l Il W\ ORI MUV 00 OO O DGR
u : 8 §
| Nl ].‘s
| 1 [ 3] [ |
0 500k ™ 1.5M 2M a 2.5M




IslandViewer 4: Analysis of Results @Eéc

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

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

VIBRIO CHOLERAE 2740-80 cHROMOSOME 1, COMPLETE SEQUENCE.

0 Genes (Vibrio cholerae 2740-80 chromosome 1, complete sequ... n

[ ] BBB50_RS10370 WP_001880634.1 peptidase M23
[ ] BBB50_RS10375 WP_000287237.1 RDD family
accessory
... BBB50_RS10380 WP_000837624.1 colonization factor
AcfC
-. BBB50_RS10385 WP_000672504.1 chemotaxis protein
type 4 prepilin-like
me BBB50_RS10390 WP_000456980.1 Proteins leader
peptide-processing
enzyme
'Y TCP pilus virulence
[} BBB50_RS10395 WP_000579582.1 regulatory protein
.. BBB50_RS10400 WP_001894870.1 hypothetical protein
toxin coregulated
mee BBB50_RS10405 WP_000691946.1 pilus biosynthesis
protein E
toxin coregulated
me BBB50_RS10410 WP_001894871.1 pilus biosynthesis
protein T
toxin coregulated
me BBB50_RS10415 WP_001022338.1 pilus biosynthesis
protein S
BBB50_RS10420 WP_000704057.1 hypothetical protein
\d S 1
50_| 5 _( 7064. ypothetical protein
° BBB50_RS10425 WP_001067064.1 hypoth | i
toxin coregulated
1e) pilus biosynthesis
[} BBB50_RS10430 WP_000750979.1 outer membrane
° o e e ©0 0 @ v Ve wy YU w U U wv — o
B [ | . [ [ [0 [ | [ /0 || | ;| 1 | |

[ N N R R
-————————_
2.22M 2.225M 2.23M 2.235M 2.24M 2.245M 2.25M 2.255M 2.26M 2.265M 2.27TM
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IslandViewer 4: Analysis of Results C

. The table lists all putative genomic

islands (GIs) detected

Each row = one predicted GI with:
Start/End coordinates and size

Which method(s) flagged it (e.q.
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

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

Size Gl Prediction Method View External Annotations Download (all data)

1,162,634 1,181,481 18,84/ Predicted b al least one methoad Virulence gene gquen Genes, Protein

287,443 311,170 23,727 IslandPick Sequence, Genes, Proteins

sil g

46,238 52,477 6,239  SIGI-HMM Sequence, Genes, Proteins
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IslandViewer 4: Analysis of Results

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 Sa/monella, not Vibrio

B

EUROPEAN CENTKE FOR
CASEASE PREVENTION
AND CONTROL

IslandCompare ANALYSE JOB HISTORY ABOUT FAQ DOWNLOAD PUBLICATIONS CONTACT

2025-03-18 - This application is currently unavailable as it undergoes maintenance/assessment. Please
contact us at islandpick-mail@sfu.ca if you have any urgent needs. We apologize for any inconvenience.

*

IslandCompare (v1.1) — = =
Genomic island prediction software developed to facilitate the analysis of microbial population datasets. = x — x
IslandCompare is designed to process sets of microbial genomes and present genomic island content o — -
with an interactive visual designed to enable exploration of cross-genome genomic island content.

€) Run Analysis — — e

Getting Started

If you would like to test IslandCompare, please feel free to view the pre-
computed results of Listeria monocytogenes genomes or download the

News and Updates

Thu Sep 22 2022

sample dataset. Alternatively, you can also view a pre-computed set of
Pseudomonas aeruginosa genomes. This second dataset also
demonstrates how the alignment visuals allow you to see quickly see large
structural changes in the genome, such as large genomic inversions.

Please note that Safari has known issues that will cause problems using
this site. Please consider switching to Chrome of Firefox web browsers.

= £
View Example Tutorial

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

Curated Genomic Islands

IslandCompare is now adding support to detect curated, known Salmonella
enterica genomic islands. In the visualization you will see them listed as the
"Curated Genomic Islands” predictor. Additionally, if you hover your mouse over
the island, it will show the genomic island name detected. If you are analyzing
Salmonella enterica genomes in IslandCompare and want to see curated Gl
predictions for your genomes, make sure that the "Organism" field in your
submitted file is filled out and includes the text "Salmonella enterica".

A major update of the IslandCompare backend brings in a variety of new features
to improve stability and handle larger volumes of traffic. These updates will be
occurring around Sept 22-23, and you may experience intermittent connectivity
issues.

If you have any questions or problems, please don't hesitate to contact us at

inlandnial maailAafis an and thanl v fav e s d, Aimm ~nriia ] +

View more...




ICEberg 3.0 ecoc

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 > Go to old version ICEberg 2.0

Welcome
Welcome to ICEberg 3.0!
mICE Browse Integrative and conjugative elements in bacteria
Statistics
Tools
« News
Download ICEberg 3.0: functional categorization and analysis of the & (CEberg 30 dutabase s oline. G 1, 2020
Reference integrative and conjugative elements in bacteria % mICE dataset update. (Feb 15, 2023)
£ ICEfinder update. (Oct 15, 2022)
£ Website restructuring. (Aug 28, 2022)

Help manual Integrative and conjugative elements (ICEs) are essential mobile genetic elements that play a significant role in
bacterial evolution. They can integrate into the bacterial chromosome and possess a complete conjugation
machinery, enabling self-transmission between bacterial cells. By facilitating the horizontal transfer of diverse
cargo genes, ICEs confer host beneficial traits such as antibiotic resistance, pathogenesis, defense system, metal
resistance, compound degradation, and symbiosis, which contribute significantly to bacterial diversity and

& Citation
M. Wang, G Liu, M Liu, C Tai, Z. Deng, J Song, H.Y. Ou.
ICEberg 3.0: functional categorization and analysis of the

adaptation. Here, we report the release of ICEberg 3.0, which offers three major enhancements: (i) New ICE, integrative and conjugative elements in bacteria. Nucleic
IME and CIME data with manual curations. (ii) Categorization of ICE cargo functions. (jii) Extends its focus to Acids Research.2024 Jan 5; 52(D1):D732-D737. doi:
encompass ICEs from the human microbiome. These updates enable efficient in facilitating the understanding 10.1093/nar/gkad935

of bacterial evolution by capturing the diverse functions and characteristics of ICEs.

9 Contact
Antibiotic resistance - ICEs Microbial Bioinformatics Group, State Key Laboratory of
Virulence factor Microbial Metabolism, Shanghai Jiao Tong University,
Metal resistance ~ ICE Functional 200030, China
Defense system IMEs CIMEs Prediction annotation '
Degradation Email: hyou@sjtu.ed
Smoors D miCEs el

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




ICEberg 3.0: Job Upload

ICEberg 3.0

@ Welcome

B8 ICE Browse

% mICE Browse

il Statistics

O  Tools

& Download
& Reference

® Help manual

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

Click on Tools — ICEfinder in the top menu

£ Go to old version ICEberg 2.0

Welcome to ICEberg 3.0!

Integrative and conjugative elements in bacteria

ICEberg 3.0: functional categorization and analysis of the
integrative and conjugative elements in bacteria

Integrative and conjugative elements (ICEs) are essential mobile genetic elements that play a significant role in
bacterial evolution. They can integrate into the bacterial chromosome and possess a complete conjugation
machinery, enabling self-transmission between bacterial cells. By facilitating the horizontal transfer of diverse
cargo genes, ICEs confer host beneficial traits such as antibiotic resistance, pathogenesis, defense system, metal
resistance, compound degradation, and symbiosis, which contribute significantly to bacterial diversity and
adaptation. Here, we report the release of ICEberg 3.0, which offers three major enhancements: (i) New ICE,
IME and CIME data with manual curations. (i) Categorization of ICE cargo functions. (jii) Extends its focus to
encompass ICEs from the human microbiome. These updates enable efficient in facilitating the understanding
of bacterial evolution by capturing the diverse functions and characteristics of ICEs.

Antibiotic resistance % e
Virulence factor - ICEs
Metal resistance - ICE 2 Functional
Defense system IMEs CIMEs Prediction - annotation
Degradation
Symbiosis — mICEs \ ey

« News

ICEberg 3.0 database is online. (Jun 1, 2023)
mICE dataset update. (Feb 15, 2023)
ICEfinder update. (Oct 15, 2022)

Website restructuring. (Aug 28, 2022)

[-X-X-X-

& Citation
M. Wang, G Liu, M Liu, C Tai, Z. Deng, J Song, H.Y. Ou.
ICEberg 3.0: functional categorization and analysis of the
integrative and conjugative elements in bacteria. Nucleic
Acids Research.2024 Jan 5; 52(D1):D732-D737. doi:
10.1093/nar/gkad935

Q@ Contact
Microbial Bioinformatics Group, State Key Laboratory of
Microbial Metabolism, Shanghai Jiao Tong University,
200030, China

Email: hyou@sjtu.edu.cn




ICEberg 3.0: Job Upload

1.

2.

4.

In ICEfinder, click "Choose File” and
select the file containing your genome
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)

Click “Single Genome” (single cell
finished genomes)

Press “Start Run”

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

ICEberg 3.0

Welcome
ICE Browse
mICE Browse
Statistics

Tools

ICEfinder

Comparisor

Download
Reference

Help manual

8 ICEfinder petection of ICE/IME of bacterial genomes

(i) Upload sequence

Begin by preparing FASTA/Genbank sequence data files. The program will predict the conjugative and accessory modules. For predicting
a metagenome assembly, it is recommended to use an input file smaller than 20Mb, and only FASTA format files are accepted.

2 O Single Genome

Choose input FASTA/GenBank fiIeI
O Metagenome

Choose File | No file chosen

(i) Subject dataset

1. T4SS-type ICEs/AICEs/IMEs
Integrase " Relaxase [ TACP (Type IV coupling protein) L VirB4/TraU or full T4SS (Type IV secretion system)

Rep (Replication initiator protein) ' Tra (Tanslocation protein) " oriT (Origin site of DNA transfer)

2. Accessory modules
AR (Acquired Antibiotic Resistance) " VF (Virulence Factor) [" MR (Metal resistance)

DF (Defense system) |/ CD (Compound degradation) [ Symbiosis

O Notes

You may run a trial by clicking the 'Run an example' button. We provide different types of input files so that you can see the input file types and their
respective predicted output. The detailed information can also be found in the help manual. Please be aware that predicting from metagenome data can
be time-consuming, taking approximately 15 minutes for a 15MB input file.

3 Start Run E Download example inputs ¥




ICEberg 3.0: Analysis of Results @c

ICEberg 3.0 =
° After uploading a genome f||e (FASTA or Welcome 0 ICEfinder petection of ICEs/IMEs of bacterial genomes
GenBank), ICEfinder starts an analysis job e Job Status
mICE Browse
. . o 2% Job ID: VDn4scqUHA
* EaCh run is aSSIQned d unlque JOb ID (e.g. il Statistics Your input has been uploaded successfully and running started!
ools D !
VDn4scqUHA) o
ICEfinder The analyzing process could take a few minutes, please be patient.
« The analysis takes a few minutes, depending on S I Click me to view the resaults! |
Download

Or Retrieve your results later with the following Job ID: VDn4scqUHA

genome Size Reference

Help manual

« When complete, ICEfinder shows “"Done!” and
provides a link

» Click to view the resulits!

« Results can also be retrieved later using the Job

ID
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ICEberg 3.0: Analysis of Results @Eéc

Circle (right): genome map; blue bar =

ICEberg 3.0 = > Go to old version ICEberg 2.0

predicted ICE location

. @& Home - ICEfinder
O ICEfinder Resui

@ Welcome
B8 ICE Browse
JobID VDn4scqUHA Result Map
A\ = ” #  mICE Browse Submission Wed Aug 27 05:36:31 2025
Table “"Result View” (left):
Ll Statistics
Sequence Vibrio cholerae O1 str. 2010EL-1786 chromosome 1,
- - Q TOOlS name complete sequence I
« Region 1 — coordinates (125-151
O ICEfinder Length 3031375 bp
O Comparison GC Content 47.67 %
kb)’ Iength N26 kb & Download

Reference Fesult View . CP003069.1
) Type: T4SS_type ICE —_— CO re ICE #  Region Coords Length (bp) Type Detail 3031375 bp

Help manual
p manu 1 Regionl  125439.151544 26106 E

signatures detected: integrase, f

L]

)

relaxase, T4CP, T4SS Click to see the
annotated ICE

Meaning: Genome contains one ICE-like
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region
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ICEberg 3.0: Analysis of Results @

« Type: T4SS-type ICE — detected
conjugation machinery (Type IV O ICEfinder resur
Secretion System)
l. Summary
« Location: coordinates 125-151 kb in Type TaSS-type ICE
Location (nt) 125439..151544
the chromosome Longth G 1o
« Length: ~26 kb region GC Content (4] o
oriT seq -
« GC Content: 48.3 %, close to host DRs
Relaxase Type MOBH
genome
Mating pair formation systems typeF
« Relaxase type: MOBH — enzyme Close to tRNA
that initiates DNA transfer Meaning: ICEfinder predicts one ICE-like region, identified as a T4SS-type
- Mating pair formation system: element with MOBH relaxase and typeF conjugation system

typeF — conjugative pilus system



ICEberg 3.0: Analysis of Results @Eéc

[ Frd
« Top graph: GC% variation across

the predicted ICE (differences may Il. Map

G+C content profile

indicate foreign DNA) 60 46.0%
» Colored blocks (bottom): functional ?

genes/modules detected. E.g.,:
> Green — defense system 0 116 k 118k 120k 122k 124k 126k 128k 130k 132k 134k 136k 138k 140k 142k 144k 146k 148k 150k 152k 154k

Pink = T4SS genes -

B I I 1 20:000 1 30:000 1 40:000 150:000

rown = relaxase .
M Integrase [JT4ss M Antibiotic resistance [l Defense system [ Others
- . o elaxase irulence factor egradation

Meaning: The region has the typical i qrace Blvirlence ector M Degrect

B Flank region []1S/Tn [ Metal resistace [ Symbiosis ClHyp

modular structure of an ICE: conjugation

genes + accessory/defense genes

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




ICEberg 3.0: Analysis of Results

« Each row = one gene in the
predicted ICE region

« Columns:

> Coordinates/size — position on the
genome
Product — predicted protein function
Feature — role in the ICE (defense,

relaxase, T4CP, T4SS, etc.)

Meaning: Region has conjugation
machinery + defense genes — typical

ICE structure

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

lll. Gene List
Gene
Vch1786_10098

Vch1786_10099

Vch1786_10100

Vch1786_10101

Vch1786_10102

Vch1786_10103

Vch1786_10104

Vch1786_10105
Vch1786_10106
Vch1786_10107

Vch1786_10108

Vch1786_10109

Vch1786_10110

Coordinates [+/-], size (bp)
115524..119265 [+], 3742

119277..121581 [+], 2305

121619..123671 [+], 2053

123697..124468 [+], 772

124502..125318 [+], 817

125439..127590 [+], 2152

127638..129459 [+], 1822

129468..130029 [+], 562
130015..130651 [+], 637
130677..131265 [-], 589

131278..131518 [-], 241

131553..131835 [+], 283

131831..132458 [+], 628

Product
conserved BREX,pglX1
PglZ domain protein; BREX,pglZA

ATP-dependent Lon protease;
BREX,brxL

conserved hypothetical protein
conserved AbiJ,AbiJ

conjugal transfer pilus assembly protein
Tral, MOBH

conjugal transfer pilus assembly protein
TraD, t4cp2

plasmid-related protein
plasmid-related protein, G_tfc7
conserved hypothetical protein

plasmid-related protein

conjugal transfer pilus assembly protein
Tral, F_traL

conjugal transfer pilus assembly protein
TraE, F_traE

B

EUROPEAN CENTRE FOR
DISEASE PREVENTION
AND CONTROL

Feature
Flank; Defense

Flank; Defense

Flank; Defense

Flank

Flank; Defense

Relaxase

T4CP

T4SS

T4SS

T4SS




ICEberg 3.0: Analysis of Results

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)

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

IV. Download

No. of sequences
DNA 1
Protein 24

V. Comparison

ICE Region: 125439..151544, 26106 bp

Comparison Method: ® Mash

O Notes

O Multigeneblast

EUROPEAN CENTRE FOR
DISEASE PREVENTION
AND CONTROL

Download
Fasta

Fasta

The predicted ICEs region can be submitted for comparison with the ICEberg database. Two comparison methods are provided, namely Mash and Multigeneblast,
both using default parameters. The Mash distance threshold is set to 0.005, while the parameters for Multigeneblast are as follows: hitspergene 250, minseqcov

25, minpercid 30, distancekb 10, and syntenyweight 0.5.

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 @c

* Rows = known ICEs; colored arrows = multigene Search Results
BLAST
conserved genes Results pages: 1

» Total score = weighted similarity of the ICE clusters MultiGeneBlast hits

(coverage + gene order + similarity) [ Select gene cluster alignment v \Display al_/

Query: Vibrio cholerae O1 str. 2010EL-1786 chromosome 1, complete sequence.

» Cumulative BLAST bit score = sum of all gene-to-gene
1. : ICEVchNig1 Vibrio cholerae VC833 ICE element genomic sequence.  Total score: 35.5  Cumulative Blast bit score: 17434

matches (raw sequence similarity)

2. : ICEVchNep1 Vibrio cholerae strain VC504 ICE element genomic sequence.  Total score: 31.5  Cumulative Blast bit score: 17017
i — OO0 ID-@ DD I O DD DI D KK KIKIHPO—
» Predicted ICE matches several V. cholerae

3. : ICEVchInd5__ICEVchHail_ Vibrio cholerae Ind5 integrating conjugative element ICEVchind5  Total score: 31.5  Cumulative Blast bit score: 16534

ICEs

4. : ICEVchBan5 Vibrio cholerae Ban5 integrating conjugative element ICEVchban5  Total score: 31.5  Cumulative Blast bit score: 16482
Key point: ICEberg suggests related ICEs but —[ O OO HDE BBIEDD) DO DI I I aEm< <KD

5. : ICEPmiUSA1 Proteus mirabilis strain HI4320  Total score: 31.0 ~ Cumulative Blast bit score: 14379
may mISS fu|| |ength — b > IEDESIDECIRED) PO UEEIDIID N XKD —

6. : ICEVchRua2 Genus species strain strain.  Total score: 30.0 ~ Cumulative Blast bit score: 15149

= Confirm family/boundaries by aligning the D CONEDEDIDEBBIDOIBD IDENBITIIDC K@) DD

. . 7. : ICEVchRual Genus species strain strain.  Total score: 30.0  Cumulative Blast bit score: 15149
full ICE (e.g. with progressiveMauve) D CONEDEDIDE PBIDD DD IDENDIID COEE ] I D

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




In summary @

List of learning points in this session:

D W N =

. Genome annotation tools help detect key antimicrobial resistance and virulence traits.
. ICEfinder detects ICE-like elements, but family identification may require sequence alignment.
. IslandViewer predicts where genomic islands are, but it does not name families.

. 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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