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Running AMR bioinformatic tools using Google colab

¢Why Google colab?

Google colab is free, requires no configuration and works entirely in the cloud (write, run
and share code). It allows the creation of different workflows using different bioinformatic
tools that can be shared and allow a reproducible analysis of the data.

These features will allow users in public health laboratories without bioinformatic
knowledge and/or dedicated computers, to run on the cloud different bioinformatic
software on bacterial WGS datasets to detect antimicrobial resistance (AMR).

AMRfinder plus

AMRfinder plus is a tool designed to identify AMR genes and some point mutations from
assembled genome sequences or proteins.

For more details regarding the software, checkout the AMRfinder plus github page:

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

1) Access WGS data

Download assembled genome sequence/s from the shared folder on drive.

2) Start Google colab for AMRfinder plus from the following link:
https://bit.ly/3mcelee

a) On the upper left panel, click con “file” and “Save a copy in drive”.

( & ARMfinder_vlipynb
‘File Edit View Insert Runtime Tools Hel
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Download
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https://github.com/ncbi/amr/wiki
https://bit.ly/3mce0ee
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b) Please press the "Connect” button found on the upper right of the page to
connect to a Google machine.

B comment 2% Share £ |

Connect ~ 2 Editing

After it's done you will see the allocated RAM and space on disk appear.

B comment 2% Share £2

RAM K . .
v Disk mm - J Editing

3) Run the pipeline

a) The pipeline consists of 5 steps. To start running each step, click on the °
icon found to the left.

b) The first time you run google colab, the following message may appear, click on
“Run anyway”

Warning: This notebook was not authored by Google.

This notebook was authored by sudatt.lam@gmail.com. It may request access to your data
stored with Google, or read data and credentials from other sessions. Please review the
source code before executing this notebook. Please contact the creator of this notebook at
sudatt.lam@gmail.com with any additional questions.

Cancel Run anyway

c) The currently running step is indicated by a circle with a stop sign next to it. @

When its finished a green tick will appear to the left "
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d) STEP1: Install AMRFinderPlus and other prerequisites

Click on the @ button on the left.
e) STEP2: Test AMRFinderPlus installation
Click on @ . Test i finished when a message similar to the following appears:

AMRFinder took 8 seconds to complete
success!

f) STEP3: Upload your file

Choose Files

Click on © . Then, the upload file button will appear.

Click on “Choose Files” and select your input file. When the upload is finished (100%
done) proceed with the next step.

g) STEP4: Provide your parameters and run AMRFinderPlus

Complete all boxes marked in red as appropriate.

filename: I A.fna I

« the name of the file you uploaded. Please include the extension name (for example, .txt}.
sequence_type: I n I

« n-translated-nucleotide

« p - protein sequence with no genomic coordinates

organism: | Staphylococcus_aureus |

« organism {e.g. Acinetobacter_baumannii, Burhkholderia_pesudomallei,
Klebsiella_pneumoniae, Pseudomonas_aeruginosa, Staphylococcus_aureus,
Vibrio_cholerae}. Refer https:/github.com/ncbi/amr/wiki/Running-AMRFinderPlus#--
organism-option for all the supported organisms.)

output_filename: IA.outpuﬂ I

« Filename of output file.
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Click on ° .

When AMRFinderPlus its done it will display a message similar to this one:

AMRFinder took 66 seconds to complete

h) SETP5: AMRFinderPlus Output

Clickon @ . The output file will be downloaded to your computer.

If you are having issues downloading the result archive, try disabling your ad blocker

and run this cell again.

If that fails click on the little folder icon to the left, navigate to output file: A.output

= Files 0 X
| a : ®
Q. » AMRFinderPlus output
+ IB
x} ¥ (> ) If you are having issues downloading the r =} » @@ data
click and select "Download". » @ sample_data
(5 =T

The content of the output file is as below:

b A.output /2 Download

Rename file

Delete file

Capy path
Refresh

Right-click on the file and select "Download". The content of the output file will be

displayed below.

If you wish to run this tool in batch to multiple genomes, follow this link:

https://bit.ly/41ewgSX and run the pipeline following the same steps as described

above in this manual.


https://bit.ly/41ewgSX
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hAMRonization

hAMRonization is a software which converts AMR gene detection tool output (such as
ariba, resfinder4, amrfinderplus) to a standardized AMR gene report (i.e. hAMRonization
specification format).

For more details regarding the software, checkout the hAMRonization github page:
https://github.com/pha4dge/hAMRonization
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1) Access AMR output data
Download AMR output data from genome sequence/s from to your computer.

2) Start Google colab for hAMRonization from the following link:
https://bit.ly/3zyluLs

a) On the upper left panel, click con “file” and “Save a copy in drive”.


https://github.com/pha4ge/hAMRonization
https://bit.ly/3zyluLs

Running AMR bioinformatic tools using Google colab

coO & hAMRonization_vlipynb
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b) Please press the "Connect" button found on the upper right of the page to connect
to a Google machine.

Bl comment 2% Share £ |

Connect ~ Z Editing

After it's done you will see the allocated RAM and space on disk appear.
B comment 2% Share £2
v Disk - g Editing

3) Run the pipeline

c) The pipeline consists of 5 steps. To start running each step, click on the ° icon
found to the left.
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d) The first time you run google colab, the following message may appear, click on
“Run anyway”

Warning: This notebook was not authored by Google.

This notebook was authored by sudatt.lam@gmail.com. It may request access to your data
stored with Google, or read data and credentials from other sessions. Please review the
source code before executing this notebook. Please contact the creator of this notebook at
sudatt. lam@gmail.com with any additional questions.

Cancel Run anyway

e) The currently running step is indicated by a circle with a stop sign next to it. @

When its finished a green tick will appear to the left

f) STEP1: Install the hAMRonization software

Click on the ° button on the left.

g) STEP2: Test the hAMRonization installation
Click on @ . Test i finished when a message similar to the following appears:

usage: hamronize.py abricate <options»
Applies hAMRonization specification to output(s) from abricate (OUTPUT.tsv)

positional arguments:
report Path to report(s)

opticnal arguments:

-h, --help show this help message and exit
--format FORMAT Output format (tsv or json)
--output OUTPUT Output location

--agnalysis_software_version ANALYSIS_SOFTWARE_WERSION
Input string containing the analysis_software_version
for abricate

--reference_database_wversion REFERENCE_DATABASE_VERSION
Input string containing the reference_database_version
for abricate

h) STEP3: Upload your file

Choose Files

Clickon © . Then, the upload file button will appear.
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Click on “Choose Files” and select your input file. When the upload is finished (100%
done) proceed with the next step.

When the upload is finished (100% done) proceed with the next step.

i) STEP4: Provide your parameters and run hAMRonization

Complete all boxes marked in red as appropriate.

filename: I A.output I
« the name of the file you uploaded. Please include the extension name (for example, .1xt).

program: Iamrﬁnderplusl

« program supported: abricate; amrfinderplus; ariba; rgi; resfinder; resfinder4; srax; deeparg; kmerresistance;

srst2; staramr; csstar, amrplusplus; resfams; groot
input_filename: l A I

« Sequence entry

analysis_software_version: l 3.11 .4'

« AMR software version.
reference_database_version: |2023—02—23 I

« Database version.

format: tsv

« 1sv; json; interactive

output_filename: [;!Lharmoized.txl]

« Filename of output file.

Click on ° .

When AMRFinderPlus its done it will display a message similar to this one:

Harmonizatlion complete for & harmoized.txt.
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j)

SETP5: AMRFinderPlus Output

Click on @ . The output file will be downloaded to your computer.

If you are having issues downloading the result archive, try disabling your ad blocker

and run this cell again.
If that fails click on the little folder icon to the left, navigate to the output filenames:

A_harmonized.txt.xIsx and A_harmonized.txt.

= Files O X

e BB

) » hAMRonization output - : S
» anization
L . . le_dat
@é ° If you are having issues downloading the result archive, |D ' : zamtp e_t ata
.outpu
The content of the output file is as below: B A_harmaized.oa| /e Dawnload

B A_harmoaized.taxisx |42

R file

Delete file

Copy path
Refresh

Right-click and select "Download". The content of the output file will be displayed

below.

To explore the functionality of hAMRonization software, we recommend to
download both the Excel (.xIsx) and plain text (.txt) files. The Excel file can be used
to easily explore and navigate the results. Meanwhile, the text file can be used for

downstream analysis (if there is any).

If you wish to run this tool in batch to multiple hAMRonization reports, follow this

link: https:/bit.ly/3z0Ftpm and run the pipeline following the same steps as

described above in this manual.

10
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Convert hAMRonization output to Microreact ready format

o{ Microreact

Microreact (https:/microreact.org/) is a web-based application developed by the Centre

for Genomic Pathogen Surveillance (CGPS) that allows you to upload, visualise and
interactively explore any combination of clustering (trees), geographic (map), temporal
(timeline) and other metadata variables (such as the presence of AMR genes and point

mutations).

This google colab takes all the standardized AMR genes and point mutations reports
(hAMRonization outputs, .txt or .xIsx files) and summarizes them into one single .csv file

that can be used in microreact.

1) Access hAMRonized data

Download all your hAMRonization outputs (.txt files) to your computer.

2) Start Google colab from the following link:
https://bit.ly/3KDXjBW

a) On the upper left panel, click on “file” and “Save a copy in drive”.

( & Microreact vlipynb
File Edit View Inset Runtime Tools Help

4 Locate in Drive

Open in playground mode

- New notebook.
x} Open notebook Ctrl+Q

Upload notebook

Rename

l Save a copy in Drive I

Save a copy as a GitHub Gist
Save a copy in GitHub

Save Ctrl+s
Save and pin revision Ctrl+M S

Revision history

Download

Print Ctrl+P
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https://www.pathogensurveillance.net/
https://www.pathogensurveillance.net/
https://bit.ly/3KDXjBW
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b) Please press the "Connect” button found on the upper right of the page to
connect to a Google machine.

B comment 2% Share £ |

Connect ~ 2 Editing

After it's done you will see the allocated RAM and space on disk appear.

B comment 2% Share £2

RAM K . .
v Disk mm - J Editing

3) Run the pipeline

c) The pipeline consists of 3 steps. To start running each step, click on the °
icon found to the left.

d) The first time you run google colab, the following message may appear, click on
“Run anyway”

Warning: This notebook was not authored by Google.

This notebook was authored by sudatt.lam@gmail.com. It may request access to your data
stored with Google, or read data and credentials from other sessions. Please review the
source code before executing this notebook. Please contact the creator of this notebook at
sudatt.lam@gmail.com with any additional questions.

Cancel Run anyway

e) The currently running step is indicated by a circle with a stop sign next to it. @

When its finished a green tick will appear to the left "

12
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f) STEP1: Upload all your hAMRonization outputs

Choose Files

Click on the > button on the left. Then, the upload file button will
appear.

Click on “Choose Files” and select ALL your input files (genomeA_hAMRonized.txt,
genomeB_hAMRonized.txt, etc) at once.

When the upload is finished (100% done) proceed with the next step.
g) STEP2: Convert hAMRonization output to microreact format (part 1)
Clickon ©@ .

h) STEP3: Convert hAMRonization output to microreact format (part 2)

Click on @ . The output file (output.csv) will be downloaded to your computer.

If you are having issues downloading the result archive, try disabling your ad blocker

and run this cell again.

If that fails click on the little folder icon to the left, navigate to the output filename:

output.csv
= Files O X
‘
Q. » Convert hAMRonization output Q e B ®©
[+
x} v (> ] Show code {x)

» @ sample_data

B A_harmoized.tct
(=] D g
B output

B output.csvy /2 Dawnload

Rename file

Delete file

Copy path
Refresh

Right-click and select "Download". The content of the output file will be displayed

below.
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4) Create a phylogenetic tree using Pathogenwatch

3 Pathogenwatch

Pathogenwatch (https://pathogen.watch/) is a web-based application developed by the

Centre for Genomic Pathogen Surveillance (CGPS) that allows you to upload, analyse and

and compare genomes from a wide variety of microbial species.

The platform allows you to browse or download public sequence collections. In addition,
each user can upload their own genomes privately (reads or de novo assemblies). The
platform performs automatic analysis using pipelines and public or internal databases.

The results of these analyzes can later be downloaded, or also viewed on the platform.

For a curated set of species (detailed in the website) Pathogenwatch provides the ability to

construct a phylogenetic tree based on a core genome distance.

a) SETP1: Upload your genomes into Pathogenwatch

Enter https:/pathogen.watch/. Clickonthe =~ menu at the top left and on Sign

In to create an account with your email address or social media account.

&’ ceps

pithogenwatch@ogRs.oroun
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Go to Upload (https://pathogen.watch/upload) on the upper right corner. Select

"Single Genome FASTASs" if your genomes are individual assembly files. Select

"Multi-Genome FASTASs" if your genomes have been concatenated into a big file.

NEW UPLOAD ~ PREVIOUS UPLOADS

What would you like to upload?

J 1]

Single Genome FASTAs Mulfi-genome FASTAs FASTQ
One or more FASTA files, one Multiple genomes per file,
genome per FASTA file one genome per record One or more pairs of read
files in FASTQ format
(e.g. bacterial genomes) (e.g. viral genomes)
Upload FASTA(s) Upload FASTA(s) Upload FASTQ(s).

Upload the file: Drag and drop your genomes into the website. After the genomes

have been uploaded, wait for a while while the system performs the analyses.
b) SETP2: Create a collection:

Select all the genomes uploaded and place them in the same collection. At the
genome page, select all genomes interested by checking the respective box. After

that, select "Selected Genomes" followed by "Create Collection".

= 0 Map | Stats | Viewing 44.293 of 320,553 genomes | 6 Selected Genomes
B Organism Type Typing Schema ¢ Selection Clear All
Staphyloceecus aureus 22 MLST L
SAMN12414141 X
Staphyloceeeus aureus 5 MLST L 1 1 %
Staphyloceeeus aureus § MLST L SAMN12414144 X
Staphyloceccus aureus 5 MLST | SAMN12474142 X
SAMN12414158 X
Staphylocaecus aureus 5 MLST
SAMN12414156¢ X
Staphylocaccus aureus ] MLST L
O sAMN12414153 Staphylococcus aureus 5 MLST L 3
O SAMN12414143 Staphylocoeeus aureus 5 MLST L %
[ H Edit Download Data Create Collection ‘
O SAMN12414146 Staphylocoeeus aureus 5 MLST L 2

15
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Add a name for the collection and click “Create now”.

Create Collection

Z 6 Genomes ¥ Staphylococcus aureus
Title

My collection

AN

Go Back CREATE NOW

c) SETP3: Open the collection and download the generated tree

Click on the collection created. The system will try to create a phylogenetic tree
using all the sequences inside the collection. If a tree is not available, wait for a
while until the system creates one. Once it is ready, it will be displayed in the system

by clicking on “View Tree".

Click the Download button on Top Right followed by "Tree (.nwk)".

D

Species prediction

Metadata 1able
Typing table

Stats table

AMR profile
AMR SNPs

AMR genes

Timeline (.png)

AN

Tree (.png)

Tree (.svg)

Congratulations you managed to generate a tree using Pathogenwatch!!
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5) Display the tree and the hAMRonization output using Microreact

a) SETP1: Upload your files into Microreact

Log into Microreact website (https:/microreact.org/). Click on the ~  menu at

the top left and on Sign In to create an account with your email address or social

media account.

Version 228
L .
-.(- Microreact
(=3 Showcase
[ Upload
@  opocumentation

@  MyAccount

& cops

Go to Upload (https://pathogen.watch/upload) on the upper right corner. Upload the
files: Drag and drop the microreact ready hAMRonization file (i.e. output.csv) and

the phylogenetic tree (i.e. pathogenwatch-XXX-XXX-test-collection-tree.nwk).

Drop files here
browse your files or add Urls

ol
2B

Supported files

-xls, .ods, .tsv, .nwk,

.geojson, and .microrect
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Make sure the file type for microreact ready hAMRonization file is "Data" and

phylogenetic tree is "Tree (Newick)".

Add Files or URLs X
File File kind
output.csv X Data (CSV or TSV) v
pathogenwatch-saureus-5evd6ey7jrof-my-collection-collection-tree.nw X Tree (Newick) -
Enter URL @ ADD MORE FILES

CANCEL CONTINUE

Make sure column "name" is the column label. Click on “continue” two times.

Data Table
Data File
{ output.csv Oe l
1D column *
[name| - |
Column Data Type Colours Shapes
name text Categorical
aac(e')-le/aph(2")-la number Categorical
ant(6)-la number Categorical
ant(9)-la number Categorical
aur number Categorical
blal number Categorical
blaPC1 number Categorical

-

CONTINUE

b) SETP2: Create a project

Projects are not saved on the upload page unless the user requests it. Save the

project by clicking Save B .
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Then, to name the project, write its name under “Project name”, and click on “Save
as New Project”. In this way we will be saving the project on the microreact.org

platform. Alternatively you can download the project to analyze it at another time.

Save Project X

Project name
Unnamed Project

Description (optional Markdown)

Download as Save as
.microreact file a New Project

Next you will be able to obtain the url of the project, and choose if it is of restricted
or public access using the drop-down menu for that purpose. Select “Restricted

Access”. Close the window by clicking on the “X".

Share with People X

Project Link

https://demo.microreact.org/project/oSc2hEg2uJxc39WQwum4ab I'g

Access Control

o» Restricted Access

= ) .
Only you and people added below can access this project

nter an email address to share then press enter
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then on Metadata Blocks and activate

-

With this the phylogenetic tree will be displayed with the presence of AMR gene and

also the presence of Antibiotic Resistance.

In the tree window, click on the menu

c) SETP3: Analyse your data
Select all.
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Feel free to include additional Metadata in the .csv file (e.g. latitude, longtitude,
anatomical material, body product, year) to make the visualization even more

informative.



