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License: This is an open access protocol distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited

Protocol status: In development
We are still developing and optimizing this protocol
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Protocol Integer ID: 221074

Keywords: Salmonella serotyping, whole genome sequences, shotgun metagenomic sequences, ncbi pathogen detection
project for salmonella, salmonella serotyping tool, salmonella from whole genome isolate sequence, multiple salmonella serovar,
compatibility with historical salmonella nomenclature scheme, historical salmonella nomenclature scheme, identified salmonella,
ncbi pathogen detection project, genome indexing approach, metagenomic sequences since this tool, salmonella, whole
genome isolate sequence, sequencing data, profiling integration with ncbi snp, metagenomic sequence, serotyping tool, several
confidence metrics sequence quality control assessments sequence, detailed multiqc report, results antimicrobial resistance,
profiling integration, more information about this tool, antimicrobial resistance

Disclaimer

This protocol describes a scientific tool developed for research and surveillance purposes. Use of
bettercallsal does not constitute FDA endorsement and confers no regulatory benefits or preferential
treatment in FDA oversight activities.

Abstract

This document outlines the steps necessary to run the tool - bettercallsal. bettercallsal tool is a Salmonella
serotyping tool, that accepts both short-read and long-read sequencing data. This tool can serotype Salmonella
from whole genome isolate sequences or from metagenomic sequences since this tool can identify multiple
Salmonella serovars. The tool's ability to detect multiple Salmonella serovars simultaneously makes it particularly
valuable for analyzing complex samples where traditional methods may fail. The tool employs a genome indexing
approach while maintaining compatibility with historical Salmonella nomenclature schemes, ensuring continuity
with existing surveillance systems and databases. More information about this tool can be found at this link :
https://github.com/CFSAN-Biostatistics/bettercallsal and
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2023.1200983/full and
https://www.fda.gov/media/171312/download. bettercallsal generates a detailed MultiQC report that includes:

= |dentified Salmonella serovars with several confidence metrics

= Sequence quality control assessments

= Sequence typing results

= Antimicrobial resistance (AMR) profiling

= |ntegration with NCBI SNP clustering analysis.

protocols.io | https://dx.doi.org/10.17504/protocols.io.rm7vzgwd5vx1/v1 September 29, 2025 2/16



https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2023.1200983/full
https://creativecommons.org/licenses/by/4.0/
https://github.com/CFSAN-Biostatistics/bettercallsal
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2023.1200983/full
https://www.fda.gov/media/171312/download
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.rm7vzqwd5vx1/v1

€3} protocols.io Partof SPRINGERNATURE

protocols.io | https://dx.doi.org/10.17504/protocols.io.rm7vzgwd5vx1/v1 September 29, 2025 3/16



https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.rm7vzqwd5vx1/v1

€3} protocols.io Partof SPRINGERNATURE

Go to and log into your GalaxyTrackr account at Galaxy | GalaxyTrakr _d’gi .

2 On the right-hand side of the screen, click the plus next to the History tab to create a

new history.

= GalaxyTrakr + 4 e Virkiow Vinokee

Welcome to GalaxyTrakr: open-source bioinformatics for public health.
. Uplnsd Duts.

TS . data for foadborne pathogens. This instance of Galaxy is hosted in a public enviranment and no personally identifiable
et Cata {PIly er commercial confidential infermation should be uploaded.

Text Menipulation m Sonned m

Filter and Sart Please lot us know if you have any issues with the new version of Galaxy. Thank you.

GraphyDisplay Data Acciss CFSAN S Fipelon warkfiows i ha sharod wartlo

Jgin, Subtract and Group ot affical Galwy GenomeTre

Convert Formats
Collection Operations
Lift-Gver

S TOOLBOX

NGSiSareening and Prediction

Nlnerabsity Giackasare Paicy
MGS:Mapping —
(L) Taka an intaraciiva toue | usyUl | ey | SoMoRosk
NG5 Phylogenetics

NGS:QC and manipulation
HGS.CRSAN SHP Pipoline
(beta)
MG Assembly
NGS:Nanapare The
NGSHCBI Blasts
NGSANA seq
NGS: Annatations
HGSVirus
<

This site is intended for use by GenomeTrakr laboratories and their collaborators to assist in the analysis of genamic

fempti)

s histey ks avapty. Yo can losd
your smm data o7 get data from

an eetemal eourcn

Click on "Unnamed History" and rename it according to your system.

History c+0O9
search datasets 9 0

Unnamed history

> e

(empty) Rename history...
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3 On the left-hand side of the screen, click the search bar in the "tools" section and search

for
"bettercallsal".

= GalaxyTrakr + &

History S+me

foals
terc: smanch datasets e
Welcome to GalaxyTrakr: open-source bicinfermatics for public health, Exaenple History
This site is intended for use by GenomeTrakr laboratories and their collaborators to assist in the analysis of genomic e -
: ClosRe et

data for foodborne pathogens. This instance of Galaxy is hosted in a public and no p y
(PII}) or commercial confidential information should be uploaded

and

Please Iet us know if you have any issucs with rersion of Galaxy, Thank you.

cress CFRAN SNE Fipaing workflows in tha shared workTl

Click on the search result "bettercallsal An automated workflow to.....".

= GalaxyTrakr

Tools v =

X, Upload Data

& Show Sections

bettercallsal An automated workflow to
assign Salmonella serotype based on MCBI

Pathogen Detection Project for
Salmonella.

WORKFLOWS

All workflows

4 An interface will appear looking like this.
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Change the "Select to read collection type" to "paired end short reads". It is the first
option from the top.

# bettercallsal An automated workflow to assign Salmonella serotype based on NCBI Pathogen Detection Project for Salmonella. (Galaxy Version 1.0.0+galaxy21) o -
Select the read collection type
Single-End short reads
¥ Please provide a value for this option.
Dataset list of unpaired short reads

No fastq or fastq.gz dataset collection available.

Suffix of the Single-End FASTQ

fastq.gz

Select the read collection type

Single-End short reads

Single-End short reads

Paired-End short reads

Long reads

Once selected, the interface will change from "Single-End short pair reads" to the
"Paired-End short reads. Everything else can be left alone.

5 On the left side of the screen, where we searched for the "bettercallsal" tool, click the
"Upload data" button.

protocols.io | https://dx.doi.org/10.17504/protocols.io.rm7vzgwd5vx1/v1 September 29, 2025 6/16



https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.rm7vzqwd5vx1/v1

€3} protocols.io Partof SPRINGERNATURE

GalaxyTrakr &~ %

Tools w o=
bettercallsa 0

X Upload Data

& Show Sechions

bettercallsal An automated workflow to
assign 5almonella serotype based on MCEI
Pathogen Detection Project for
5almonella.

WORKFLOWS

All workflows

An interface where we can find and select files to upload will appear, for most users, the
files will be on local files so choose that option unless otherwise noted.

Dawnload fram web or upload fram disk

Ragular Composita Calaction Rl based

Type (set sl Farlg-cabact « | Gesome [set alll: unspecfied (71

Birhoosa local Ties B ExChonse FTP fles | [@PastefFeschcata | Start Foume Resst | Close

Select all files to be processed, It should resemble this:
Click "Start" to begin uploading.
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Download from web or upload from disk

Sagular Composite Callection Bule-based

iy mcichad § Steinh bo the queyes. Add more files or gick “Start’ fo0 procesd

"

Hame Sizm Type Gename Settings Staher
0 l4pH =7 R10004as 1BESME [Autode. |- QL unspecifiad {7 E+ =
B 4RH_ST7 B2 000G BNIME [maeede. =% | ceperted & @
B 4R 55 R 00t 1BEME | Amoede,., o) 0L urepecied (7] -] o]
Ll (4Rx 556 RZ 001fast  2WANME | Augde. |» & wrepacifed (7l | = & B
O atHsse Rl o0ifan) WESME [ Aupde. |0 G urepecied (7] ] B
B (aTHs5a Rz o0ifen) VESEME | Auinge. [+ G | uspocied(n -] =
Type (et alll | fpodeteer |« Gememedsetalls| unspecfied () =

Dlhecsa lecal fiks B hooss FTP Sl [ Fasta/Fasch d:'laI - I.'l.,": Rasat Closa

Note* Depending on the number of files, it can take a while to upload.
This is what it looks like when uploading has started.

Download from web or upload from disk

Regular Composite Collection Rule-based

Please wait...5 out of & remaining.

a
Name Size Type Setting Status
O (2RH.S57 R1.001fasl 1865MB  Autode.. + O unspecified (1) v ¢ B
Ol 4RH_S57_R2_ 001fas| 211 MB Auto-de.. + Q unspecified (7)  ~ o
L1 4RX S56_R1.001fast 186 MB Auto-de... + Q unspecified (7)  * &
O 4RX 556 R2 001.fast 2104MB  Auto-de. -« Q unspecified (7)  ~ &
Ol 4TH 559 R1.001.fast 148.6MB  Auto-de. + Q unspecified (7)  + L
Ol ATH_S559 R2_001fast 169.8MB  Autode.. + Q unspecified (7) = -3 .

Type (set all): Auto-detect « |Q Genome (set all): unspecified (7) v

DChoose local files EChoose FTP files [# Paste/Fetch data Start Pause Reset Close

Once all files have been uploaded, click close.

protocols.io | https://dx.doi.org/10.17504/protocols.io.rm7vzgwd5vx1/v1 September 29, 2025 8/16



https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.rm7vzqwd5vx1/v1

€3} protocols.io Partof SPRINGERNATURE

Dowenload from web or upload from disk

Pegular Compashe Collacton Rule- bamed
.
Pame Size Type thengme Sattings Stagus:
B RHSSTRIOONGEA 1EESME  Asmede. - S uncecfied ¢ TN
O 4RHESTRZ O0fart  21TMB  puecga - O unsgsecificd [7) & T
O aRSERIONAst  86ME  Awode. + O unspeched () s TN -
8 amissERIOMfan  ZIDAME  Agode. « @ imeperhed () & [ wox
& SH_SIRI00MEsE T4BEME Ao, v R imepemshed (1) - [ wox Y
0 oM smamz0iat 169BME  auenda. - R unspecified : EETEE -
Type (st alil: Aysbo-datesct - O Genome (vet all); urapecified 71 [ =
BEchooss kecal fles Exhoosae FIF fiks 2 PasteyFaich data tart Faiss Raset Cloae

6 Before running "bettercallsal”, the dataset needs to be paired.
Click on the square icon, or the "Operations on multiple datasets" on the right side of the
tab. select boxes will appear on the green file list. This will allow you to select all files in
your dataset.
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History c+0O%
search datasets 9 0

Practice Example Data
& shown, 10 deleted, 8 hidden

2.72 GB ) B

All Mone For all selected... =
[] 18: 47X _s58_R2 001 fastq.gz
[[] 17: 47X _s58_R1_001 fastq.gz
[] 16: 4TH s59 R2 001.fastq.gz
[] 15: 4TH s59 R1 001 .fastq.gz
[] 14: 4rX_s56 R2_001.fastq.gz
[] 13: 4RX_S56 R1_001.fastq.qz
[[] 12: 4RH_S57_R2_001.fastq.gz

[[] 11: 4RH_S57_R1_001.fastq.gz

Select all files in the workspace, then click the dropdown that says for all selected. A
menu will appear, select "Build List of Dataset Pairs".
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7

History o+O9
search datasets e 0‘

Practice Example Data

& shown
1.36 GB =GR ¥
All MNone For all selected... =

8- 4 Hide datasets

Unhide datasets
7:4
Delete datasets

6:4 | ndelete datasets

5.4 Permanently delete datasets

Build Dataset List

[v] 4: 4

Build Dataset Pair

c%  Build List of Dataset Pairs

Build Collection from Rules
[v] 2: 4

1: 4RH_S57_R1_001.fastq.gz

A new interface will appear.

protocols.io | https://dx.doi.org/10.17504/protocols.io.rm7vzgwd5vx1/v1

September 29, 2025

11/16


https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.rm7vzqwd5vx1/v1

protocols.io | https://dx.doi.org/10.17504/protocols.io.rm7vzgwd5vx1/v1

€3 protocols.io Part of SPRINGERNATURE

Create a collection of paired datasets

Collections of paired datasets are ordered lists of dataset pairs (often forward and reverse reads). The

be passed to tools inorder to

of group. This interface allows you to crea..v.
‘ 0 unpaired forward - & filtered out Clear Filters 0 unpaired reverse - & filtered out
- Auto-pair
.
P >
0 pairs Unpairall &
. »
Hide original elements? Al Remove file extensions? Rl
Name: | Enter a name for your new collection
Cancel

Create collection

In the dropdown on the left, select _R1. This will auto select _R2 for the other dropdown.

Create a collection of paired datasets

Collections of paired datasets are ordered lists of dataset pairs (often forward and reverse reads). These collections can be passed to tools and der to have h member of i . This interface al

you'to crea...v

Clear iters N ‘ 0 unpaired reverse - & fitered out
Auto-pair -

0 unpaired forward - 5 filtered out

v
. >
0 pairs Unpair all a
v
. »
e orig Remove /]
Name: | Enter a name for your new collection

Cancel

Create collection

Create a collection of paired datasets

Collections of paired datasets are ordered lists of dataset pairs (often forward and reverse reads). These collections can be passed to tools and

~1 4 unpaired forward - 4 fitered out Clear Filters 4 unpaired reverse - 4 fitered out
- Auto-pair

group. This you'to crea..v

4RH_S57_R1.001 fastq.gz Pair these datasets [ 4RH_S57_R2_001 fasta.gz ]‘
4RX 556 R1_001 fastq.gz Pair these datasets [ 4RX_S56_R2_001 fasta.gz ]
4TH_S59_R1_001 fasta.gz Pair these datasets [ 4TH _S59_R2_001 fasta.gz ]
4TX_S58 R1.001 fastq.02 Pair these datasets [ 4TX 558 R2_001.fasta.gz ]

»

0 pairs Unpair all a
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You will see both columns populate with filenames. Double check that the files have the
same name other than "R1" or "R2". Once you know the program has properly paired the
files, Click the "Pair these datasets" for all entries. There two columns will be empty if
you do it correctly and they appear in green below the black bar.

4 o 0 unpaired forward - ftered out Clear Fitters 5 0 unpaired reverse - & filtered out
= Auto-pair =
Kl
No da(ase(swereh\m_rs,

1astq

Collections of paired datasets are ordered lists of dataset pairs (often forward and reverse reads). These collections can be passed to tools and workflows in order to have analyses done on each member of the entire group. This interface allows you to crea...v"

1 4 unpaired forward - 4 filered out Clear Fiters o . 4 unpaired reverse - 4 filtered out
- Auto-pair =

5o o |

[ amrss7.r1.001 fastage Pairthese datasets

[ anxcsse 1.0t astage Pai these datasets 4RX.556_R2_ 001 fsta. |
‘ 4TH_S59_R1_001 fastq.gz Pair these datasets 4TH_S59_R2_001 fastq.gz ‘
‘ ATX.S58_R1_001 fasta.oz Pair these datasets 4TX_S58_R2_001 fastq.gz ‘

0 pairs Unpair all a

Create a collection of paired datasets

Could not y pairs from names. y want to choose or enter and try auto-pairing again. cancel and reselect new elements. x

Collections of paired datasets are ordered lists of dataset pairs (often forward and reverse reads). These collections can be passed to tools and workflows in order to have analyses done on each member of the entire group. This interface allows you to crea...v"

&1 0 unpaired forward - 0 ftered out Clear Fiters w2 0 unpaired reverse - 0 fered out

Auto-pair

No datasets were found matching the current filters.

Pl >
4 pairs_Unpair all -

4RH_S57_R1 001 fastq.gz > ‘ARH,SSIWT.Fastq ‘ € 4RH_S57_R2_001.fastqgz 8

4RXS56 R1_001.fastqgz > ‘akx,sse,oouas‘q\ € 4RX_S56_R2_001.fastq.gz <

&

4TH_S59_R1_001.fastq.gz > ‘Am,sss,om qu‘ € 4TH 559 R2 001 fastq.gz R
ATXS58_R1_001 fastagz > ‘ATX_SSE_OU‘\ las\q‘ € 4TX.S58.R2 001 fasta.gz ‘ o

‘.

Hide original elements? Rl Remove file extensions?

Name: | Enter a name for your new collection

Create a name for your collection and click the"Create collection" button.
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4 pairs_Unpair al

>

4RH_SS7_R1_001.fastq.gz > ‘Akn,ssmm.yaszq‘ € 4RH_S57_R2 001 fastq.gz

4TH_S59_R1 001 fastqgz > ‘m—«,ssg,m f:slq‘ € 4TH_S59_R2_ 001 fastq.gz

4TX.558 R1_001astqgz > ‘m(,sss,nm lasm‘ € 4TX.S58 R2_001.fastq.gz

5 % % %

«

4RX 56 R1_001 fastq.gz > ‘mx,sss,am.ias«q‘ € 4RX 556 R2_001.fastq.gz

tide originaletements? R Remove fie extensions?
Name:| ERTPYGTSR

Cancel Create collection

10 Double check that you have paired end short reads selected from step 4 and your paired
collection is selected under "List of Dataset pairs" and match with the example below. If
everything matches, click the "Execute" button.

eyl B gz e 4 S e B o0 VT8 S D et o St gty rien 10 Do

L

L -

11 The program will begin; you can tell it is started by an orange tab appearing above your
green paired collection beginning with "bettercallsal: MultiQC Report.....".

= GalaxyTrakr + & B Woidlon Viewize StoredData~ Hep~ Userw A T B

The tool uses this input:

« 19: Example Collection

It produces this output:

* 20: bettercallsal: MultiaC Report on data 14, data 13, and others

aueved jobs and view g the History panel Whenthe job unning' o fished if & ®sx
or ertor i problems were encountered. QC Report on data 14, data
13, and others
19: Example Collection x

Allworkllows

a st of pairs with 4 tems
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12

History o+Oo
search datasets 9 0

Practice Example Data
2 shown, 10 deleted, 16 hidden
2.72 GB » o

20: bettercallsal: MultiQC @ # X
Report on data 14, data 1
3, and others

1.3 MB

format: html, database: ?

MEXTFLOW ~ version 24.04.3

Launching
“ftool/shed_tools/opentrakr.org/repos/krz
[determined_hamilton] DSL2 - revision:

d9bdbed?2be

4 G >
B&OC ? e
HTML file

19: Example Collection x

a list of pairs with 4 items

protocols.io | https://dx.doi.org/10.17504/protocols.io.rm7vzgwd5vx1/v1

Wait until the job completes. You can tell when the processing is finished by the orange
tab turning green. **This process can take upwards of 45 minutes to an hour**
depending on queue times and number of files uploaded.

Once the dataset is done and turns green, click on it. A dropdown will appear.
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— b
» @ C

.9 7 »e

4
HTML file

19: Example Collection x
a list of pairs with 4 items

In the bottom left, there will be a button to download the file. This is a zipped HTML file
that needs to be downloaded and extracted before it can be opened. It will open in
google.

s bettercallsal_MultiQGC_Report_on_data_17,_data_16_and_

data_15zip
Open file

The report will look like this. If you see this, then the program was run successfully!
e Multi@C

CPIPES Report

CPIPES Report

General Stats

CPIPES (CFSAN PIPELINES) is a modular bioinformatics data analysis project at CFSAN, FDA based on NEXTFLOW DSL2 »

BETTERCALLSAL_SALYN This report has been generated by the CPIPES - bettercallsal analysis pipeline. Only certain tables and plots are reported here. For complete results, please refer to the analysis pipeline output A
directory.

BETTERCALLSAL @

BCS_SOURMASH_MATRIX
MLsT

ABRICATE_NCBIAMRPLUS

@ % T I+

ABRICATE_MEGARES

ABRICATE_RESFINDER

ABRICATE_ARGANNOT

sip -
= General Statistics
S Copytate 3 ConsgureCourns | Pt | Shovn
sample M Reads Attr Fiteing oc content wpr
Farma-Papays2RY 1% 25 s1en EEY
bettercalisal Software Versions. FarmA-Papaya2-TT. 180% 255 57.0% 928%
Farme.Papayate-mTT 2w 13 sto% n2

Salmon read counts

“This section shows the rea neta mode using SE, merged PE or concatenated PE reads against an on-e-fly salson index generated from the genome hifs of kna

Numberofreacs (Courts) | Nurb
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