Welcome to

Resist=Xplorer

- a web-based tool for visualization and exploratory analysis of resistome data

The key features include:

Support for a wide array of common as well as advanced methods for composition profiling, visualization and exploratory data analysis;

Comprehensive support for various data normalization methods coupled with standard as well as more recent statistical and machine learning algorithms;
Support for a variety of methods for performing vertical data integrative analysis on paired metagenomic datasets (i.e. taxonomic and resistome abundance
profiles);

Comprehensive support for ARG functional annotations along with their microbe and phenotype associations based on data collected from more than 10

reference and curated databases;

A powerful and fully featured network visualization for intuitive exploration of ARG-microbal host associations, incorporated with functional annotations

enrichment analysis support.

In this manual, we will go through the analysis of resistome data using an ARG list as input.

Please cite:
Dhariwal A, Junges R, Chen T, Petersen FC.
ResistoXplorer: a web-based tool for visualization and exploratory analysis of resistome data.



In this manual, you will encounter blue and red dialog boxes.

Blue dialogs indicate explanations and details for different functions in each page, while
red dialogs indicate actions that will move forward with the analysis to a new screen or a
download option for a visualization/analysis.

The question mark icons are available in ResistoXplorer.
If you hove over it, a short explanation about that item will appear.

Throughout this manual you will also find additional explanations
about the functionalities of ResistoXplorer following this icon.




In the front page of ResistoXplorer, you can select one of the three options for input data:
ARG list /// ARG table /// Integration
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You will be then directed to the upload screen where you can add your data.

# » Gene List

Please upload a list of antimicrobial resistance genes (ARGs)

Add your list of resistance
genes in this text box.

Optional: Add your list
together with fold change or
abundance values.

Optional: To explore the
functionality of ResistoXplorer,

you can use an example dataset.

Datnbnss ResFinder

Enter your data

You can enter a list of ARGs of interest with their

optional fold change or abundance value

Use example dataset: [ Gene list (source: Bengtsson-Palme, Johan, et al.)

In this manual, we will use the
example database provided by
ResistoXplorer. So tick the check
box for example gene list dataset
just above. To proceed with the
analysis, finally click on ‘Submit’

Choose your preferred database. Currently,
ResistoXplorer supports six databases for this
input: ResFinder; CARD; ARDB; BacMet;
MARDy; and Antimicrobial peptide (AMP).

***please note that the input
format is different depending on
the selected database. More
details are available in the next
slide.




Data format

Each database can present a different data format, so please make sure that your gene list is in accordance with
the database you will use. Otherwise you might not get any hits.

For instance, the example dataset used in ResistoXplorer is formatted according to ResFinder, so if you select a
different database you might get fewer hits or none at all. For more information, please refer to the ‘Data
format’ section in the homepage of ResistoXplorer.

Here below, we show how some of the formatting can look like:

ResFinder CARD ARDB BacMet Antimicrobial peptide (AMP)

Name Name Name Name Name

aac({2')-la wvanC aaci ACTA acrB
aac(2')-b vanRA, aaci acrs almE

aac{2')-lc vansa aaci acrDfyffa almF

aac(2')-Id vanHA aaclia acrEfenvC MG

aacib acrF/envD

aac(2')-le vana amii

i actA,
aac(2')-lla wanxa aacic .

i acth
aac(3)-| vanya aac2ic amic

aacic acts .

aac{3)-la vanZa amiC
aac2ic adeA

mac(3)-lb AAC(E")-le-APH(2"")-la anrd
aac2ic adeB

aac(3)-lb-aac(6’)-1b’ vanRB anrB
aacic adeC

aac({3)-lc vansg del aps5s
aac2ic ade

aac({3)-1d arnD




How do I my get a list of resistance genes for analysis?

A list of resistance genes for analysis can be obtained in a variety of ways.

For instance, if the user has any genome or species of interest, it is possible to download the annotation directly
from the databases and upload them into ResistoXplorer. If the interest is in a sequenced metagenomic sample,
after upstream processing, the full list of genes can be uploaded into ResistoXplorer as well with the option of

including abundance data.

Importantly, genes that are not involved with resistance or that are not included in the databases supported by
ResistoXplorer do not need to be excluded by the user from the initial list of genes because they will be
automatically excluded them from the analysis during data processing.

Of note, the list has to be formatted to the database of interest as seen in the previous slide. For more
information, please refer to the ‘Data format’ section in the homepage of ResistoXplorer.




Based on your selections, a table will be shown containing all information regarding
the list added during the upload step. See how it looks with the example dataset:

# » Gene List » Interaction Table

Interaction table

Number of queries {ARGs): 14

You can download
this data in .csv
format by clicking
here.

Database: ResFinder
Mumber of ARGs mapped to database: 14

Total number of taxa/hest associations (initial): 68

Class and mechanism of
function for each ARG.

Number of unigue taxa/host: 38

Specific association (edge) can be deleted using Delete icon present belew in the last column of table. Further, the interaction table can alse be downloaded using the Download button.

Gene (ARGs) &

ant(2")-Ia

Host (Microbe) =

Acinetobacter baumannii

Accession No. &

DQ176450

Class / Family =

Aminoglycoside

Mechanism &

Enzymatic modification

oo J oo

Reference Action

You can

16304199

ant(2")-Ia

Burkholderia cepacia

HQB880250

Aminoglycoside

Enzymatic medification

choose to

unpublished

ant(2")-Ia

Citrobacter freundii

AF458082

Aminoglycoside

Enzymatic modification

exclude any
ARGs from

12384364

ant(2")-Ia

Corynebacterium asperum

AJ871915

Aminoglycoside

Enzymatic modification

unpublished

ant(2")-Ia

Escherichia coli

GQA466184, DOO18384

Aminoglycoside

Enzymatic modification

the analysis,

unpublished, 15837385

ant(2")-Ia

Klebsiella pneumoniae

EF205594

Amineglycoside

Enzymatic modification

and you can

unpublished

ant(2")-Ia

Morganella morganii

HQ386848

Aminoglycoside

Enzymatic modification

always go
back to the

unpublished

ant(2")-Ia

Pseudomonas aeruginosa

DQ266447, ITTZ01000034, JFB26500, AY92092¢

Amineglycoside

Enzymatic modification

unpublished, 22271862, 16048

start of the

ant(2")-Ia

Salmonella oranienburg

X74412

Aminoglycoside

Enzymatic modification

unpublished

analysis by

ant(2")-Ia

Uncultured bacterium

X04555, AY135594, AY139559

Aminoglycoside

Enzymatic modification

3024112, 19719583

clicking on

aph(3")-Ib

Escherichia coli

M28B825, AF321550

Aminoglycoside

Enzymatic modification

2653965, 120258529

reset.

aph(3")-Ib

Pseudomonas aeruginosa

AF313472, AF024602

Aminoglycoside

Enzymatic modification

unpublished, 9687410

aph(3")-Ib

Shigella flexneri

AF321551

Aminoglycoside

Enzymatic modification

12025529

aph(6)-1d

Actinobacillus pleuropneumoniae

AB109805

Aminoglycoside

Enzymatic modification

14711528

aph(6)-1d

Escherichia coli

M28825, CPDO0S71

Aminoglycoside

Enzymatic modification

2653965, 18708504

Genes uploaded in
the previous page.

Information regarding
the microbial host for
the referred gene.

(1of5) 2 3

4 5 [

Available literature

When ready, click here for the
‘Network Builder’ function.




 » Gone s ) teacton Table » Networ uider This is the ‘Network Builder’ panel, where you get an overview of the interactions
observed in the data uploaded into ResistoXplorer.

Network Overview

Number of queries: 14

Number of nodes: 52 (ARGs: 14, Taxa: 38)

flumber of edges: o You can choose to filter the

interactions to any desired cutoff.

This is useful, for instance, if you
want to focus on the strongest

networks observed in the samples
[ 7 wetwork ritter Jll o Reset Network

Networks Queries

ARGs-taxa3 | + Download |

In some cases, multiple isolated networks will be generated, with a big "continent' containing most of queries, and
several small 'islands’ containing one or a few queries. These networks will be available for visual analysis in the next

By clicking here, you can
download each interaction
network.

Once you have filtered and
selected the data you want to
visualize, you can click here to

be redirected to the customizable
network visualization.




# » Gene List » Interaction Table » Network Builder » Network Viewer
Network Customization

Network: ARGs-taxal a

Black [

Topology E

Layout; Default Lays a
Scope: ] )

Background:

Download -- Specify -- J View Options

These drop-down menus can be used

to customize the visualization of the

data as preferred by you. Feel free to
play around with the options

Function Explorer

Query: All genes H

Algorithm: Hypergeometric test [

B submit

Name Hits  Pval

Functional category:

Here you can explore
the functions of the
network. Remember to
click submit after you
make your selection.

You can change the color of
each node by selecting a
color here, and then double
clicking the nodes you would
like changed.

B Asromonas salmonicida

I Aeromonas hydrofililEnterobacter cloacae

M Corynebacterium diphtheriae

M Shigelia flexneri

[l Klebsiella oxytoca

sull
M Uncultured bacterium

aph{3"}-lp

W Psaudomonas aeruginosa
[l Morganella morgani o

M Klebsiella pneumoniae

mph(E}

M Salmonella enterica

aph{B)d

Il Saimonella typhimurium

I Escherichia coli

Il Acinetobacter baumannii

ant(2"Ma

M Salmonella oranienburg

era(A)

W Corynebacterium asperum

M Citrobacter freundii
M Burkholderia cepacia

M Providencia stuartii

You can select and
exclude any particular
node here.

trehalosi

W Mannheimia varigena

Il Actinobacillus pleuropneumoniae
M Vibrio salmonicida

M Haemophilus parasuis

I Actinobacillus porcitonsillarum

W Salmonella enteritidis

M Shigella sonnei
M Vibrio cholerae

blaOXA-2

M Achromobacter denifrificans

B Acinetobacter sp.

W Salmonella sp.

M Laribacter hongkongensis

u Camw‘maﬁwmonas caviae

M Enterobacter aerogenes

Home About Tutorials «

Node Explorer
ID:
Highlight Al

H interactions Submit

D Degree Betweenness

dfral

Escherichia coli
ere(A)

aph()-Id

Klebsiella pneumon 4
Pseudomonas aerug 4

Salmonella enterica 4

whacter baurr 3
Incultured bacte:
Shigella flexneri
Salmonella typhimu 3

Vibrio cholerae

nobacillus plew 2
Shigella sonnei
Fasteurella multo
blaCMY-2

quiD1

Citrobacter freundii
Corynebacterium as
Salmonella oranienl

Achromobacter den
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# » Gene List » Interaction Table » Network Builder » Network Viewer About Tutorials «

We can see, for instance, lorer
that the E. coli nodule is
connected to several
resistance genes. If we click
and drag, all of its A
connections will move with it. | '

dfrAl

Manuals
Network Customization
Network: ARGs-taxal a
Black [

V Topology B
Layout; Default Lays
Scope: ]

Each node in the network is
not fixed, so you can click
and drag any of them to edit
your network.

Background: [ interactions  Submit

You can also zoom in and out
using the scroll button or
using this menu here.

Degree Betweenness — Abundance

Download -- Specify -- ) View Options

ra

mph(E} Escherichia coli

e ere(A
M Aeromonas salmonicida L ———— e(A)

aph()-Id
I Aeromonas hydrofililEnterobacter cloacae

M Mannheimia varigena Klebsiella pneumon 4
M Corynebacterium diphtheriae Pseudomonas aerug 4

M Salmonella enterica _ieuropneumoniae :
M vibrio salmonicida Salmonella enterica 4

Function Explorer
M Shigelia flexneri

Query:
Algorithm:

Functional category:

In this example we see
genes as purple round
e nodes. While microbes

are in square shape and
in yellow.

[l Klebsiella oxytoca

sull
M Uncultured bacterium

[l Morganella morgani

M Klebsiella pneumoniae

aph(B)-d

aph{3"}-lp

B _.monella typhimurium

W Pseudomonas aeruginosa

I Escherichia coli

Il Acinetobacter baumannii

M Vibrio cholerae

M Haemophilus parasuis

I Actinobacillus porcitonsillarum

W Salmonella enteritidis

M Shigella sonnei

whacter baurr 3
Incultured bacte:
Shigella flexneri
Salmonella typhimu 3

'Vibrio cholerae

nobacillus plew 2
Shigella sonnei

Fasteurella multo

aCMY-2
ant(2"Ma bla0XA-2 blalhiy-2
quid1

M Salmonella oranienburg

era(A) M Achromobacter denitrificans

Citrobacter freundii

[l Corynebacterium aspsrum B Acinetobacter sp.

Corynebacterium as

Salmonella oranienl
M Citrobacter freundii

Achromobacter den
M Burkholderia cepacia

W Salmonella sp.

M Laribacter hongkongensis
u Camw‘owwmonas caviae
M Providencia stuartii Page|1 lof2
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# » Gene List » Interaction Table » Network Builder » Network Viewer Home About Tutorials « Manuals
Network Customization Node Explorer
To select a node, you i
Ca n ChECk ItS bOX |n the Highlight Al nteractions Submit
r|g ht pa n el . If yo u Degree I?e.lwee.n.ness ,‘Al\unda.n::e
uncheck the box, you

will unselect the node.

Network:

Background:

Bk ek B You can highlight nodes by
Layout : B double-clicking on them. As we
M seen before, this will select them
and change their color to the one
in the top panel.

Download:

Scope: E

mph(E} Escherichia coli

M Asromonas salmonicida ere(A)

trehalosi

I Aeromonas hydrofililEnterobacter cloacae :
M Mannheimia varigena Klebsiella pneumon 4
M Corynebacterium diphtheriae Pseudomonas aerug 4

M Salmoneita anterica Il Actinobacillus pleuropneumoniae

M vibrio salmonicida Salmonella enterica 4
Function Explorer

M Shigella flexneri i
Query: All genes Acinetobacter baur 3

. M Haemophilus parasuis
Algorithm: Hypergeometric

Uncultured bacteriu 3
Functional category: Class [l Klebsiella oxytoca

sull

. . . Shigella flexneri
M Uncultured bacterium aph(8)-id [l Actinobacillus porcitonsillarum §

Salmonella typhimu 3
Name i VP

Vibrio cholerae
XD I Salmonella typhimurium W Salmonella enteritidis
W Pseudomonas aeruginosa T
[l Morganella morgani o mph(E)
Morganella morgan 2
Il Escherichia coli

M Shigell i Actinobacillus plew 2
igella sonnei

M Klebsiella pneumoniae B Vibrio cholerae Shigella sonnei

[l Acinetobacter baumanni Pasteurella multocic 2

ant(2"Ha blaOXA-2

M Salmonella oranienburg
era(A} M Achromobacter denifrificans Burkholderia cepact
Citrobacter freundii
M Corynebacterium asperum M Acinetobacter sp. Corynebacterium as

Salmonella oranienl
M Citrobacter freundii

Achromobacter den
M Burkholderia cepacia M Saimoneila sp.

M Laribacter hongkongensis
u Camw‘maﬁwmonas caviae
M Providencia stuartii Page|1 lof2
Enterobacter aerogenes

Current Selections




# » Gene List » Interaction Table » Network Builder » Network Viewer Home About Tutorials « Manuals

Network Customization Node Explorer

Network: ARGs-taxal E ID:
Background: Black o _ Highlight Al [ interactions  Submit

View: Topology

Layout Default L If y0 u wa nt tO D Degree Betweenness  Abundance
. eese-_ 3 highlight the shared
connections between
two nodes, you can e
on(®) select them here and Escherichia coli
G Lo EL X m=era ClICK ON ‘Shared’ in the
B A il et s ‘Highlight” drop-down
M Corynebacterium diphtheriae menu. TO fl na I ize ’ C l I C k d(-mu:as aerug 4 _«o_u_u;
M. Simoneiia sntarica A o n ,S u b m It, . Salmonella enterica 4

apl
M Shigella flexneri -
Qu All genes Acinetobacter ba
M Haemophilus parasuis

Function Explorer

Algorithm: Hypergeometric t

Functional category: Class H Submit [l Klebsiella oxytoca

Uncultured bacteriu 3

3

Shigella fiexneri
2ul1 M Actinobacillus porcitonsiliarum e
[l Uncultured bacterium aph(8)-id

Name Hits  Pval Salmonella typhimu 3

Vibrio cholerae 3
aph{(3”}-Ib

W Salmonslla typhimurium M Salmonella entaritidis

W Psaudomonas aeruginosa
[l Morganella morgani o

7916667
I Escherichia coli

W Shigell _ Actinobacillus pls 3 447381
igalla sonnei

M Klebsialla pneumoniae B Vibrio cholerae Shigella sonnei 16.41
[l Acinetobacter baumanni Pasteurella multo

blaCMY-2

ant(2"Ma bla0XA-2 &
quiD1 20603

W Saimonella oranienburg qnrs1 1 450

era(A} M Achromobacter denitrificans Burkholderia cepact 1

Citrobacter freundii 1
M Corynebacterium asperum M Acinetobacter sp. Corynebacterium
Salmonella oranienl 1
M Citrobacter freundii

Achromobacter den |
M Burkholderia cepacia M Saimoneila sp.

M Laribacter hongkongensis

L C"“W“‘“ﬂﬁwmonas caviae
M Providencia stuartii

Fage |1 of
M Enterobacter aerogenes B

Current Selections




# » Gene List » Interaction Table » Network Builder » Network Viewer Home About Tutorials « Manuals

Network Customization Node Explorer
: . B ID:

Network: ARGs-taxal g

Background: Black o _ Highlight Al [ interactions  Submit

View: Topology i)

Layout: Default L D Degree Betweenness  Abundance

Scope: |

Download:

dfral
mph(E} Escherichia coli

M Asromonas salmonicida

trehalosi
3042103
I Aeromonas hydrofililEnterobacter cloacae : 3
M Mannheimia varigena Klebsiella pneumon 4 8 M43
M Corynebacterium diphtheriae domonas aerug 4 30.11349
M Salmonella enterica i i i
Il Actinobacillus pleuropneumoniae B Viorio saimanicida Salmonella enterica 4
Function Explorer apl
M Shigelia flexneri

Q Al genes You can also explore the _ Achneiobactr ba
Algorithm: Hypergeometric t fu n Ct | on en rl C h men t CEme et Uncultured bacteriu 3
(0} pt| on. C | | C k on B Unicultured bada:zlrl aph(B}Id M Actinobacillus porcitonsillarum Shigella flexneri 3

‘Functional category’,
select ‘Phenotype’, and SN SER—— W Saimonelia ontorids

Functional category: Class H Submit

Name Hits  Pval Salmonella typhimu 3

Vibrio cholerae 3

click on ‘Submit’. I Morganeta margan T o0 d0monas aeruginosa

7916667

I Escherichia coli B Shigall B Actinobacillus pls 3 447381
igalla sonnei

M Klebsialla pneumoniae B Vibrio cholerae Shigella sonnei 16.41
[l Acinetobacter baumanni Pasteurella multo

blaCMY-2

ant(2"Ma bla0XA-2 &
quiD1 20603

W Saimonella oranienburg qnrs1 1 450

era(A} M Achromobacter denitrificans Burkholderia cepact 1

Citrobacter freundii 1
M Corynebacterium asperum M Acinetobacter sp. Corynebacterium
Salmonella oranienl 1
M Citrobacter freundii

Achromobacter den |
M Burkholderia cepacia M Saimoneila sp.

M Laribacter hongkongensis

L C"“W“‘“ﬂﬁwmonas caviae
M Providencia stuartii

Fage |1 of
M Enterobacter aerogenes B
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» Gene List b Interaction Table » Netwo uilder » Network Viewer Home About Data Format Tutorials + Manuals

Network Customization Node Explorer

ork: ID:

Background Highlight All
View:

Layout: Default Layout
Scope: -- Specify --

Download: -- Specify -- | View Options

a Abundance

mph(E)
M Asromonas salmonicida

trehalosi
aph(6)-I1d 4
W Aeromonas hydrofiliiEnterobacter cloacae

W Mannheimia varigena Klebsiella pneumon 4

M Corynebacterium diphtheriae Pseudomonas aerug 4
I Salmonella enterica Actinobacil
| AR T L B Vibrio salmonicida Salmonella enterica 4

Function Explorer apl
— M Shigella flexneri -
H Acinetobacter baurr

M Haemophilus parasuis . i
Algorithm: ergeometric test H i Uncultured bacteriu 3 41.84167

Functional category: pe ko Submit M- Klssiaha.ouytnc sull Shigella flexneri 496

W Uncultured bacterium aph(B)-d W Actinobacillus porcitonsillarum

Query: All genes

Pval Salmonella typhimu 3
Vibrio cholerae 3 47 88507
aph(3")-Ib

W Saimonelia fyphimurium W Szlmonella enteritidis BlaOX a6

Now you can observe that  Morganeta morgani ' PoUdomens senuginosa - 3308
Amoxicillin resistance p hen oty pe to Morganella morgan 7916667

Il Escherichia coli Actinobacillus plew

Amoxicillin+Clavalanic acid su |fa met h 0Xazo | e was M Shigella sonnei

Erythromycin

M Klebsiella pneumoniae M Vibrio choleras Shigella sonnei

Ampieiin enriched in this dataset, and

Ampicillin+Clavulanic acid [l Acinetobacter baumanni Pasteurella multocic 2

there are two antibiotic BlaCMY-2

Cefotaxime ant(2")-la blaOXA-2

Cetoxin resistance genes connected to quo1
Cetuaigine 2 this phenotype. Click here. Pormnmiairy st

Ciprofloxacin ere(A) B Achromobacter denitrificans Burkholderia cepaci

Gentamicin Citrobacter freundii
amic
Piperscillin [l Corynebacterium asperum M Acinetobacter sp. Corynebacterium
ac
Piperacillin+Tazobactam Salmonella oranienl
Ticarcill e Achromobacter den
B M Burkholderia cepacia M Saimonella sp.

Ticarcillin+Clavulanic acid
B Laribacter hongkongensis

L C”“W"“’aﬂ"iﬂ%nas caviae

Tobramycin

‘Trimethoprim
M Providencia stuartii
M Enterobacter aerogenes

Current Selections




Builder » Netw

Download: Yiew Options

Function Explorer

Query: All genes
Algorithm Hypergeometric test o

Functional catego B submit

Amoexicillin
Amexicillin+Clavulanic
Ampicillin
Ampicillin+Clavulanic acid
Cefotaxime

Cefoxitin

Ceftazidime
Ciprofloxacin

Gentamicin

Piperacillin

Piperacillint+Tazobactam

+Clavula
Tobramycin

Trimethoprim

k Viewer

Now you see that the
two genes connected
to this phenotype are
highlighted in the
network.

M Aeromonas salmonicida

mph(E)

Home

M Aeromonas hydrojililEnterobacter cloacae

M Corynebacterium diphtheriae

M Shigella flexneri

Klebsiella oxytoca
- sull

M Uncultured bacterium

M Samonella enterica

aph{6)-id

aph{3}-Ib
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About Data Format
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Node Explorer
ID:
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# » Gene List » Interaction Table » Network Builder » Network Viewer
Network Customization

Network:

Background:

Vi

Layout: Default Layout a

Scope: -- Specify --

Download: -- Specify -- y Options

Function Explorer

Query: All genes

Algorithm: Hypergeometric 2]

Functional category: Phenotype H Submit

Hits  Pval

Amoexicillin
Amoxicillin+Clavulanic acid
Ampicillin
Ampicillin+Clavulanic acid
Cefotaxime

Cefoxitin

Ceftazidime

Ciprofloxacin

Gentamicin

Piperacillin

Piperacillint+Tazobactam

Tobramycin

Trimethoprim

mph(E}
M Aeromonas salmonicida

Home About Data Format Tutorials »
Node Explorer
ID:
Highlight Al H interactions Submit

ID Degree Betweenness

M Aeromonas hydrojililEnterobacter cloacae
M Corynebacterium diphtheriae

M Samonella enterica

M Shigella flexneri

Klebsiella oxytoca
- sull

W Uncultured bacterium aph(B)-1d

aph(3")-Ib
W Saimonalla typhimurium

W Psaudomonas asruginosa
W Morganella morgani o

Ml Escherichia coli

M Klebsialla pneumoniae M Vibrio cholerae
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ant(2"}a bla0XA-2

M Salmonella oranienburg

ere(A)

Il Corynebacterium asperum

M Citrobacter freundii
M Burkholderia cepacia

trehalosi
aph(6)-1d

[l Mannheimia varigena Klebsiella pneumon 4
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M Actinobacillus pleuropneumaoniae

M Vibrio salmonicida Salmonella enteri
aphi.

Acinetobacter ba

Haemophilus parasui
EEETEphis Pomae Uncultured bacterin 3 4184167

Shigella flexneri 3 49 6
M Actinobacillus porcitonsillarum MLES el 6

Salmonella typhimu 3 7309144

2 3 47 88507

In addition, as the genes 2w

sull and sul2? are 2 830
highlighted, here in the S i
bottom right you will find [
more information about
them. Importantly, the
information is connected to
the reference from each
database - in this case,
ResFinder

164131

onella oranien]

omobacter den
W Saimonella sp.

M Laribacter hongkongensis

[ | Campylobaﬁe'

M Frovidencia stuartii If the Selected Item IS a
mICI"Obe, you W|” ﬂnd d Current Selections
||nk tO the NCBI Sulfamethoxazole

M Enterobacter aerogenes
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database. sz
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MNetwork: AR g o I
Background: Black o
View: Topology g

Layout: Default L D Degree Betweenness  Abundance
Scope: J

Highlight Al [ interactions  Submit
Download:

dfral

Let’s try to change the e Excherichiacoll
background color to white, T p— '
and look at the expression I Asromonas hydroiEarobactar coacae e T —— :“:
values since we added the I Corymebaciaien dphtrvise M Mananelma vargens :
optional abundance data at Mrmemmeme | N Astircbgimn psylnpasaronias

domonas aerug 4 3011349

M vibrio salmonicida Salmonella enterica 4

Bnciank the start of this manual. -

M Shigelia flexneri
Qu Acinetobacter ba

M Haemophilus parasuis
Algorithm: Hypergeometric t H

Uncultured bacteriu 3

Functional category: Class H Submit i KlabelaEsinnyinga sull . _ . Shigella flexneri 3
B Uncultured bacterium aph{B)-d B Actinobacillus porcitonsillarum

Name Hits  Pval Salmonella typhimu 3

Vibrio cholerae 3

aph{(3”}-Ib

W Salmonslla typhimurium M Salmonella entaritidis

W Psaudomonas aeruginosa
[l Morganella morgani o

7916667

I Escherichia coli B Shigall B Actinobacillus pls 3 447381
igalla sonnei

M Klebsialla pneumoniae B Vibrio cholerae Shigella sonnei 16.41
[l Acinetobacter baumanni Pasteurella multo

blaCMY-2

ant(2"Ma bla0XA-2 &
quiD1 20603

W Saimonella oranienburg qnrs1 1 450

era(A} M Achromobacter denitrificans Burkholderia cepact 1

Citrobacter freundii 1
M Corynebacterium asperum M Acinetobacter sp. Corynebacterium
Salmonella oranienl 1
M Citrobacter freundii

Achromobacter den |
M Burkholderia cepacia M Saimoneila sp.

M Laribacter hongkongensis
u Camw‘maﬁwmonas caviae

M Providencia stuartii
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Network:
Background: I ]
View: | Expression ¥ |
Layout: | Default Layout
Scope: [ == Specify -
Download:

[ ARGs-taxal % |

Now the color of the
background has changed to
white and we can see the
expression values for the
antibiotic resistance genes.

¥ | View Options

Function Explorer

Query:
Algorithm:

| All genes

Functional category:

Name Hits

| Hypergeometric test & |
[ Class

¥

+| Submit

Pval

M2 4%aa+t e

ez ®
The expression values are in
a green-red gradient,
meaning that higher values
will be shown in red. This can
be confirmed by looking at
the uploaded ARG list.

@ mone)

Asromonas salmonicida

Agromanas hydrophila. Entercbacter cloacas

Corynebacterium diphtheriae

Shigella flaxneri

Kiabsiella oxytaca
sull

Uncultured bactarium

@ enixHn

Pseudomonas aeruginosa
Morganella marganii

Klebsiella preumeniae

Pasteurella multocida Pastauralla trehalosi

Mannhaimia varigana

Salmonella enterica Actinobacillus pleuropneumanias

Vibric salmonicida

Hasmophilus parasuis

@

@ =i Actinobacillus parcitonsillarum

Salmonella typhimurium Salmonaella enterilidis

Escherichia coli
Shigella sonnei

Acinelobacter baumannii

@@=zt

Salmonalla oranienturg

Conynabacterium asperum

Citrobacter freundii
Burkholderia cepacia

Providencia stuarii

@ uiat

Achromobacter denitrificans

Salmonella sp.

Laribacter hangkengansis

Campylobacterjglunt

Enterobacter asrogenss

Node Explorer

1, Search [ Delete
ight| All %) interactions Submit
Degree Betweenncss
3994751
3645822
ant{2")-Ia 2287985
dfrAl 2553126
Escherichia coli 3B5.(4B5
ere(A) 111.8352
aph(6)-1d 3042103
Klehsiella poeumo: 8244043
Pseudomonas acru; 30.11349
Salmonclla cnterici H7.44394

aph(37)-1b

Acinetobucter baur

2127045
57.35209
Uncultured bacterit 41 84167
Shigella flexneri 496
Salmonclla typhim 7109144
Vibrio cholerae 4788507
blaDXA-2 46
mph(E) 8304762
Morganella morgar 7916667
Actinobacillus plet 447381
Shigella sonnei 164131
Pastearella multoci 18374976
blaCMY-2 0

quebl 0

ques 1

Burkholderia cepac

Citrobacter freundi

Coryncbacterium &

Salmonella cranien

Achromobacter der
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MWD 4%aat e

o ) Now the color of the The expression values are in e uu_—

Background: L
2 = A a green-red gradient, D =P
meaning that higher values 2994351

Py peiy E] white and we can see the
Download: .
il be shov i ec. T con - SR
9 : be confirmed by looking at a1 2553126
the uploaded ARG ||St. Escherichia coli 385 0485

ere{A) 111.8352

1, Search [ Delete

aph(6)-1d 3042103
Pasteuralla multocida | pagteurelia trehalosi

Please upload a list of antimicrobial resistance genes (ARGs) Klebsiella pneumo: 3244043

Pscudomonas acru 3011349
Mannhaimia varigena < 2
almonella enterici #7.44394
Database ResFinder
Actinobacillus pleuropneumaniae aph(3")-Ib 21.27045
Vibrio salmenicida

Function Explorer

Query:
Algorithm:
Functional category:

| Hypergeometric test ¥ |

Enter your data

You can enter a list of ARGs of interest with their

optional fold change or abundance value

sul2 37332
qnrD1 20603
apl - T 1
aph(3")-Ib 2595
blaCMY-2 778
sull 713

Hasmophilus parasuis

Acinetobacter baur 57.35209
Uncultured bacterit 41 84167
Shigella flexneri 496

Salmonclla typhim 7309144

Vibrio cholerae 4788507

: qnrS1 450 Actinobacillus porcitonsillanum

e i bl ere(A) 45 blaOXA-2 46
qnrC 45

mph(E) 44

dfrAl 36 Salmonalla enteritidis Morganclla morgar T91666T
erm(F) 32

mph(E) 8304762

Actinobacillus plet 447381
Shigella sonnei 16.4131
Use example dataset: Gene list (source: Bengtsson-Palme, Johan, et al.) Pasteurella multoci 18 37976

Shigella sonnei BlaCMY-2 0

[e==] . .

quis1
Burkholderia cepac

Citrobacter freundi

Salmonella oranienburg Coryncbacterium &

@ aat Salmonella oranien
Achromobacter denitrificans

Achromobacter der

Conynebacterium asparum

Citrobacter freundii

Burkholderia cepacia ‘Salmonella sp.

Laribacter hangkengansis

Campylobacter jgloni
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Enterobacter asrogenes
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Network: ID: ., Search (== Delete
Background:

View: xpression ¥ |
Layour | Default Layout ¥ [ Degree Betweenncss

ry

Scope: | == Specity -

Highlight| All + | interactions Submit

e —— sull 3994751
Download: | -- Specify -- % | View Options

sul2 3645822

ant(2")-Ia 228 7985

| dfral 2553126
There is also a variety of ) ih}m] o
different layouts that can @oehic) :

| aphis)-ld 3042103
Agromonas salmonicida Pasteurella multocida Pasteuralla trehalosi

be employed, such as the [T o Py
Fruchterman-Reingold.

Aeromonas hydrophil Enterobacter cloacae Pscudomonas acruy 30.11349

Mannheimia varigena
Salmonella enterici 744394
Carynebacterium diphtherize

Salmonella enterica aph(3")-Ib 21.27045

Actinobacillus pleuropneumoniae

Vibrio salmonicida
— | Acinetobacter baur 57.35209
Function Explorer

Uncultured hacterii 41 84167

R Shigalla flaxnari
Query: | all genes Ll .

Algorithm: | Hypergeometric test ¥ | Haemophilus parasuis

e Salmonella typhim THO9144
Functional category; | Class ¥ | Submit Klebsialla oxytoca S

Shigella flexneri 49.6

@i @-- Actinobacillus porcitonsillanum J | Vibrio cholerae Tsas07
i Unculturad bactarium 6)-1d
Name Hits  Pval @ =onsr s e

mph(E) 8304762

aphi3”)Hb
. RerH Salmonalla typhimurium Salmonella enterilidis Morganclla morgar 7916667

Psaudomonas asruginosa | Actinobacillus pleu 447381
Morganella maorgani . ;
Shigella sonnei 16.4131

Pastearella multoci 18374976
Escherichia coli

Shigella sonnai . blaCMY-2 o

Klebsialla pneumonias queD1

Acinetobacter baumnannii qurs1

@z | Burkholderia cepuc
Citrobacter freundi

Salmonalla oranienburg Corynebacterium a

@ Salmonella oranien
Achromobacter denitrificans B

Achromobacter der

Corynebacterium asperum

Citrobacter freundii

Burkholderia capacia ‘Salmonella sp.

Laribacter hongkengansis

Campylobacterjglun
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Enterobacter aerogenss
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Nerwork arcs-imat B Let’s go back to the start say = \ four
Background: Black o _ ) Highlight Al [ interactions  Submit

View: Topolony 3 we want to isolate all the nodes = —

Layout: Default L ] Jegrec Betweenness — Abundance

Scope: pecity - connected to genes sul/l and So we select genes

Dowioad = ew Opti sul2 in the network. sull and sul2 here.
And click submit.
dfrAl
mph(E} Escherichia coli

M Asromonas salmonicida

trehalosi
3042103
W Aeromonas hydrogililEnterobacter cloacae - . 2
M Mannheimia varigena Klebsiella pneumon 4 8 143
M Corynebacterium diphtheriae domonas aerug 4 30.11349
M Salmonella enterica § = i
Il Actinobacillus pleuropneumoniae R Salmonella enterica 4
Function Explorer apl
M Shigella flexneri .
Qu All genes Acinetobacter ba

M Haemophilus parasuis
Algorithm: Hypergeometric t

Functional category: Class H Submit [l Klebsiella oxytoca

Uncultured bacteriu 3

3

Shigella fiexneri
2ul1 M Actinobacillus porcitonsiliarum e
[l Uncultured bacterium aph(8)-id

Name Hits  Pval Salmonella typhimu 3

Vibrio cholerae 3
aph{(3”}-Ib

W Salmonslla typhimurium M Salmonella entaritidis

W Psaudomonas aeruginosa
[l Morganella morgani o

7916667
I Escherichia coli

W Shigell _ Actinobacillus pls 3 447381
igalla sonnei

M Klebsialla pneumoniae B Vibrio cholerae Shigella sonnei 16.41
[l Acinetobacter baumanni Pasteurella multo

blaCMY-2

ant(2"Ma bla0XA-2 &
quiD1 20603

W Saimonella oranienburg qnrs1 1 450

era(A} M Achromobacter denitrificans Burkholderia cepact 1

Citrobacter freundii 1
M Corynebacterium asperum M Acinetobacter sp. Corynebacterium
Salmonella oranienl 1
M Citrobacter freundii

Achromobacter den |
M Burkholderia cepacia M Saimoneila sp.

M Laribacter hongkongensis

L C"“W“‘“ﬂﬁwmonas caviae
M Providencia stuartii
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Now all connections are
Specify *

== Specify -- View Options

Degree Betweenness — Abundance

highlighted. So we click here ' S i
to extract. ' T

Asromanas salmonicida Pastaurella multocida

Pasteurella trehalosi
Asromonas hydrophil&l Enterobacter cloacas

Mannheimia varigena
Corynebacterium diphtheriae

) Actinohacillus plauropnsumonias
Vibrio saimanicida
Function Explorer
4184167
Shigella flexneri 41441
All gen . .
Shig . 3 49.6
Algorithm: Hypergeometric tes: Haemophilus parasuis
Functional category: cl ¥ | Submit
Y Kiabsiella axytoca
: sull
Name Hits  Pval C Uncultured bacterium

T309144

aph{E}1d Actinobacillus porcitansillarum

aph{3"Hb ey
Salmonalla typhimurium Salmonella enteritidis
M ola N “Pseudomonas aeruginosa
arganella morganii
- - Shigella sonnei

Pasteurella multocs 2
Escherichia caoli

Shigella sonnei blaCMY-2
Klebsiella pneumonias Wibrio cholerae

quedl
Acinatobactsr baumannii qurS1

a2 a Burkholdcria cepac

W Salmonalla oranienburg

B Achromobacter denitrificans
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M Citrobacter fraundii
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Function Explorer
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Query All genes

Algorithm: Hypergeometri

M Salmonella enteritidis
Functional catcgory: C

rella multoc
Mannheimia varigena
A " mas hydrop
Name Hits  Pval Colar Il Morganalla marganii -l Salmaonalla typhimurium
WAgromonas salmonicida

mas salmon

rium d

M. Escharichia coli M Haemophilus parasis

W Shigella flexneri

Haemophil
Mannheimia varige
W-Salmonelia enterica .Vibrio salmonicida S
~ M Pasteurella multocida el e
a enter
B Uncultured bacteriu
M Asromanas hydrophila

fibrio salmonicida.

‘B Actinobacillus porcitonsillarum

This is the isolated network |
map fOI‘ these tWO genes_ B Pastaursila trehalosi

M Actinobacillus pleuropneumoniae

M Shigella sennei
M Vibrio choleras
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How do I identify important nodes in my network?

The position of the nodes within the network will reveal their importance in terms of connection with other
antibiotic resistance genes and microbial hosts.

Consequently, changes in the most important positions of the network will have more impact as opposed to less
important or more peripheral positions. This means that if you try to ‘click and drag’ an important node, it will
carry several other smaller nodes with it. Their position will not change, but you will see that the lines
connecting them follow the more important node.

The degree centrality indicates the number of connections to other nodes (the node with the highest degree of
centrality will act as a hub of the network), while the betweenness centrality measures the number of shortest
paths going through the node considering the whole network (the node with the highest betweenness centrality
controls the flow of information in the network). Each of the measures is independent.

In addition, you can also double click several nodes to select them, and extract them to a new network. With
this, you can focus on your ARGs of interest. Or you can use this to analyze parts of the network separately.




THIS MANUAL IS FINISHED.

To explore more features of ResistoXplorer based on different input data,
please check our manuals for ARG table and Integration.

Thank you for using

Resist«Xplorer
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