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BIONUMERICS Tutorial:

Listeria functional genotyping: predicting phe-
notypic traits from whole genome sequences

1 Aim

In this tutorial we will screen whole genome sequences of Listeria samples for phenotypic traits
using the Listeria functional genotyping plugin. Phenotypic traits include: serotype, virulence, and
detergent and antibiotic resistance. The plugin also allows you to detect phages.

The different steps are illustrated using the whole genome demonstration database of Listeria
monocytogenes. This database is available for download on our website (see 2) and contains 51
publicly available sequence read sets of Listeria monocytogenes with already calculated de novo
assemblies.

2 Preparing the database

2.1 Introduction to the demonstration database

We provide a WGS demo database for Listeria monocytogenes containing sequence read set
data links for 51 samples, calculated de novo assemblies and wgMLST results (allele calls and
quality information).

y The wgMLST workflow and results will not be discussed in this tutorial.

The WGS demo database for Listeria monocytogenes can be downloaded directly from the BION-
UMERICS Startup window (see 2.2), or restored from the back-up file available on our website
(see 2.3).

Installation of the Listeria functional genotyping plugin is only possible when no spaces are present
in the BIONUMERICS home directory and in the name of the database. Before downloading or
restoring the WGS demo database for Listeria monocytogenes, please check if your BIONUMER-
ICS home directory does not contain any spaces:

1. Click the button, located in the toolbar in the BIONUMERICS Startup window and select
Change home directory... to call the Home directory dialog box.

2. In case the currently specified home directory contains spaces, update the path to a path con-
taining no spaces and close the Home directory dialog box.



2.2 Option 1: Download demo database from the Startup Screen

3. Click the button, located in the toolbar in the BIONUMERICS Startup window.

This calls the Tutorial databases window (see Figure 1).
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Tutorial databases
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Figure 1: The Tutorial databases window, used to download the demonstration
database.

4. Select the WGS_demo_database for_Listeria_monocytogenes from the list and select
Database > Download ( 2 ).

5. Confirm the installation of the database and press <OK> after successful installation of the
database.

6. Close the Tutorial databases window with File > EXxit.

The WGS_demo_database_for_Listeria_monocytogenes appears in the BIONUMERICS Startup
window.

7. Double-click the WGS_demo_database_for_Listeria_monocytogenes in the BIONUMERICS
Startup window to open the database.

2.3 Option 2: Restore demo database from back-up file

A BIONUMERICS back-up file of the WGS demo database for Listeria monocytogenes is also
available on our website. This backup can be restored to a functional database in BIONUMERICS.

8. Download the file WGS_LMO1.bnbk file from https://www.bionumerics.com/download/
sample-data, under 'WGS_demo_database_for_Listeria_monocytogenes’.
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4

In contrast to other browsers, some versions of Internet Explorer rename the
WGS_LMO1.bnbk database backup file into WGS_LMO1.zip. If this happens, you should
manually remove the .zip file extension and replace with .bnbk. A warning will appear
("If you change a file name extension, the file might become unusable.”), but you can
safely confirm this action. Keep in mind that Windows might not display the .zip file ex-
tension if the option "Hide extensions for known file types” is checked in your Windows
folder options.

10.

11.

12.

. In the BIONUMERICS Startup window, press the button. From the menu that appears,

select Restore database....

Browse for the downloaded file and select Create copy. Note that, if Overwrite is selected, an
existing database will be overwritten.

Specify a new name for this demonstration database and make sure the name does not contain
any spaces to ensure the successful installation of the Listeria functional genotyping plugin.
Specify for example: “WGS _Listeria_demobase”.

Click <OK> to start restoring the database from the backup file (see Figure 2).

Restore database *

Backup file
ChUsers\Public\DocumentsiwgMLST_LMO.bnbk Browse...

Destination

Overwrite

0] Overwrite the current data in database WGS demo database for Listeria
menocytogenes with a previous version of the data as stored in a backup. Any
new data since the backup will disappear, any old data that was erased will be
recovered.

Create copy

@ Create a new database from the data stored in a backup. Use this option to
have access to both old and current versions of an existing database or to
copy a databaze from another computer.

New database name: wgMLST Listeria demobas

Figure 2: Restoring the WGS demonstration database from the backup file
WGS_LMO1 . bnbk.

13. Once the process is complete, click < Yes> to open the database.

The Main window is displayed (see Figure 3).

3 About the demonstration database

The WGS demo database contains links to sequence read set data on NCBI’'s sequence read
archive (SRA) for 51 publicly available sequencing runs. Additional information, stored in entry
info fields (CollectionDate, CollectedBy, serovar, etc.) was collected from the corresponding publi-
cations and added to the demo database.

Seven experiments are present in the demo database and are listed in the Experiment types panel
(see Figure 4).
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Figure 3: The Listeria monocytogenes demonstration database: the Main window.

@ + ﬁ ® @Q €D . Tt 1 <All Experiment types>

v
ES 1 wgs Sequence read set types ~
.. 2 wgMLST Character types
o 3 denovo Sequence types
.. 4 guality Character types
ES 5 wgs_TrimmedStats Sequence read set types
.. & wgMLST_CalTypes Character types
T 7 wgslong Sequence read set types
v

Figure 4: The Experiment types panel in the Main window.

1. Click on the green colored dot for one of the entries in the first column in the Experiment pres-
ence panel. Column 1 corresponds to the first experiment type listed in the Experiment types
panel, which is wgs.

In the Sequence read set experiment window, the link to the sequence read set data on NCBI
(SRA) with a summary of the characteristics of the sequence read set is displayed: Read set size,
Sequence length statistics, Quality statistics, Base statistics (see Figure 5).

2. Close the Sequence read set experiment window.

3. Click on the green colored dot for one of the entries in the third column in the Experiment
presence panel. Column 3 corresponds to the third experiment type listed in the Experiment
types panel, which is denovo.

The Sequence editor window opens, containing the results from the de novo assembly algorithm,
i.e. concatenated de novo contig sequences (see Figure 6).

4. Close the Sequence editor window.

The sequence read set experiment type wgs_TrimmedStats contains some data statistics about
the reads retained after trimming, used for the de novo assembly.

The sequence read set experiment type wgsLong contains the links to long read sequence read
data (typically PacBio or MinlON datasets). In this demo database, no links are defined for this
experiment.

The other three experiments contain data related to the wgMLST analysis performed on the sam-
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[ srr1112181 - | X
File Preprocessing Analysis Window Help

& b
Sequence read set report

Sequence read set information

Mumber of sequences: 806579
Mumber of paired-end sequences: 806579
Mumber of bases: 217398401, 1stend 0, 2nd end 0

Average sequence length: 13477, 1stend 0, 2nd end 0

Standard deviation of the sequence length: 29.61, 1stend 0, 2nd end 0
Minimum sequence length: 35, 1stend 0, 2nd end 0

Maximum sequence length: 151, 1stend 0, 2nd end 0

Average base quality: 35.98, 1stend 0, 2nd end 0

Standard deviation of the base quality: 5.96, 1stend 0, 2nd end 0
Minimum base quality: 2, 1stend 0, 2nd end 0

Maximum base quality: 40, 1stend 0, 2nd end 0

Mumber of bases A- 66732805 (30 70%)
Mumber of bases C: 41927546 (19.29%)
Mumber of bases G: 42137475 (19.38%)
Mumber of bases T: 66482788 (30.58%)
Mumber of other bases: 117787 (0.05%)
Mumber of bases GC: 84065021 (38.67%)

& B ® Field name -

Analysis name v

< >

Figure 5: The sequence read set experiment card for an entry.

ples:

e Character experiment type wgMLST contains the allele calls for detected loci in each sam-
ple, where the consensus from assembly-based and assembly-free calling resulted in a sin-
gle allele ID.

e Character experiment type quality contains quality statistics for the raw data, the de novo
assembly and the different allele identification algorithms.

e Character experiment type wgMLST_CallTypes: contains details on the call types.

4 Installing the Listeria functional genotyping plugin

1. Call the Plugins and Scripts dialog box from the Main window by selecting File > Install /
remove plugins... ({&).

2. Select the Listeria functional genotyping plugin and press the <Install> button (see Figure 7).
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Figure 6: The Sequence editor window.

3. Confirm the installation of the plugin.

During installation, the plugin downloads online knowledge bases from https://www.bionumerics.
com, Which requires a connection to the internet.

Plugins & Scripts ? *

Pluging  Scripts

Version 1.2

E. coli functional genotypin ~
genotyping Standard installation

Fingerprint processing reports
GenotypingTools (internal) This plugin allows for functional prediction
of phenotypic traits of Listeria bacteria,
that is: serotype, virulence prediction,

HINV Resistance resistance prediction.

Geographical module

Import fingerprint tools
Import trend data tools
iTOL integration

teria functional genotyping

Manual extensions (internal)
MIRU-WVNTR

MLST for Sanger sequencing
MLST for WGS

MLVA

[ show only activated

|:| Show 'always active' plugins

Show Manual
Manage database plugins

Figure 7: Install the plugin.

4. Click on < Yes> to review the settings.

The Listeria genotyping settings dialog box pops up, consisting of 6 tabs (see Figure 8). In the
General tab the following general settings need to be specified:
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e Included info fields: In this list the entry information fields that will be displayed in the
genotyping report can be specified.

e Exports directory: With <Browse...> you can specify an export directory to store all ex-
ports from the genotyping reports.

e Input Sequence experiment: From the drop-down list you can specify the sequence exper-
iment that holds the (whole) genome sequences that will be screened.

e Enabled features: This list contains all offered features of the genotyping plugin. Features
which are not required can be disabled in this list to save on processing time and omit the
corresponding sections from the report. By default, all features are enabled.

Listeria genotyping settings ? *
General Resistance Virulence Serotype Phage Species Confirmation
The Listeria genotyping model.
Reporting
Included info fields [ CollectedBy ~
[ CollectionDate
[ GeolLochame
O I=olationSource
[ =serovar A
Exports directory | C:\User5\10029961\Duc:uments\BIONUI.‘ERICSB.1\‘I\!’I| Browse...
Processing
Input sequence experiment | denovo v
Enabled features Resistance
Virulence
Serotype
Phage
Species Confirmation

Figure 8: The Settings dialog: General tab.

5. In our demonstration database, the assembled sequences are stored in the denovo sequence
experiment. Make sure this experiment is selected from the drop-down list and optionally check
the Sampleid to include in the report.

The other tabs group the settings for each possible search: Resistance (Acquired resistance),
Virulence (Acquired virulence and Virulence islands), Serotype, Phage and Species confirmation.

Except for the Species confirmation feature which is based on sourmash instead of BLAST, all
feature tabs contain a Knowledgebase, BLAST and Results panel:

1. Knowledgebase: in this panel the Version and Name of the knowledge base that is being
used for this feature is shown. A different knowledge base version can be selected by press-
ing the <Change...> button. With Check for updates on startup checked, BIONUMERICS
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will check if a newer knowledge base version is available online for this feature each time the
database is opened.

2. BLAST: in this panel two settings for the BLAST algorithm can be specified; the Minimum
percent identity (%) and the Minimum coverage (%) of your query sequence against
the knowledge base’s reference sequences. If the option Combine fragments is checked,
genes that occur fragmented in the genome (i.e. split over two contigs) can still be detected.

3. Results: in this panel the output database information fields and experiments to which the
screening results will be written can be dictated. Use the drop-down list to choose an existing
experiment type or field, or the <Create> option to create new experiments and fields. A
default name for the experiment or information field is suggested, but you can adjust this if
you want to. Check Annotate sequence experiment to annotate the input sequence with
the detected genotyping features.

Note that the default BLAST settings have been optimized for L. monocytogenes, for other species
in the genus Listeria, it is advised to lower these parameters.

In the Virulence tab there is an additional panel (Virulence islands) where you can specify the
minimum percentage of virulence island loci that needs to be detected (Minimum loci (%)) before
the presence of the virulence island is shown in the results.

6. In this tutorial, specify the experiment types and information fields in all tabs by selecting the
< Create> option in the drop-down lists and accepting the default names, except for the Serovar
field: specify Serovar2 since the field Serovar is already in use in the demo database. Leave
the other settings unaltered.

7. Click on <OK> in the Listeria genotyping settings dialog box.

8. When the Listeria functional genotyping plugin is successfully installed, a confirmation message
pops up. Press <OK>.

9. Press <Close> to close the Plugins and Scripts dialog box.

10. Close and reopen the database to activate the features of the Listeria functional genotyping
plugin.

The Listeria functional genotyping plugin installs menu items in the main menu of the software
under Listeria (see Figure 9).

WGS_demo_database_for_Listeria_monocytogenes - BioMumerics
File Edit Database Analysis Scripts WG5S tools Window Help
= B o O n o o oo
Reports... Resistance
Settings... Virulence
& +EO&I & s :
S
v Toggle profiling erotype
ES 1 wgs Sequence A T [SRRTTTZTET CoT Phage
., 2 wghLST Character { SRR1378346 migsing Species Confirmation
AC R P, L A T L o

Figure 9: New menu-items after installation of the Listeria functional genotyping
plugin.

The settings specified during installation of the plugin can be called again at any time
with Listeria > Settings....
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5 Screening of entries

The screening can be done on any selection of entries in the database.

1. Select a single entry in the Database entries panel by holding the Ctrl-key and left-clicking on
the entry. Alternatively, use the space bar to select a highlighted entry or click the ballot box
next to the entry.

Selected entries are marked by a checked ballot box (g) and can be unselected in the same way.
2. In order to select a group of entries, hold the Shift-key and click on another entry.
A group of entries can be unselected the same way.

3. Make sure a few entries are selected in the Database entries panel of the demonstration
database.

Screening for the phenotypic traits can be done for all tools checked in the Listeria genotyping
settings dialog box (Listeria > Analysis > All Enabled) or for each tool separately (Listeria >
Analysis > ...).

4. Select Listeria > Analysis > All Enabled to screen the selected entries for all enabled traits.

A progress bar appears. The analysis time depends on the number of selected entries. When the
analysis is finished, the progress bar disappears. The detected traits for the screened entries are
stored in the database.

The Serotype prediction (Serovar and Serogroup), Virulence islands results (Total Islands) and
Species confirmation (Species confirmation) are written to the information fields in the Database
entries panel (see Figure 10). Please note that the shown names of the information fields are those
created per default, but can be different in your case depending on whether you have chosen an
alternative name during installation.

E + 5 ® @i‘s E:D <. <All Entries= 13)

SRR1112181 3 lla 1{1/2a, 3a) Listeria monocytogenes
SRR1378346 3 1] Wl 1/2b, 3b) Listeria monocytogenes

h 4

Figure 10: Example output of information fields.

The character experiment types for Resistance, Virulence and Phage are created and updated
with the predicted traits. Please note that the shown names of the experiment types are those
created per default, but can be different in your case depending whether you have chosen an
alternative name during installation.

5. Open a character card for one of the analyzed entries by clicking on the corresponding green
colored dot in the Experiment presence panel.

The characters in the characters experiments are displayed in the same order they are

f listed in their knowledge base. However, it might be more convenient for interpretation
to have them displayed alphabetically. This can be done in the Character type window
with the option Characters > Arrange characters by field... (I\).

Below, the interpretation of the results gathered in the character experiment types is given.

Acquired Resistance (see Figure 11):

e Resistance_traits: contains the results for each antibiotic: 0 = not detected (sensitive), 1 =
detected (resistant).
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e Resistance_loci: contains the results for each resistance gene: 0 = not detected (sensitive),
when detected (resistant) the % identity of the best hit is shown.

SRR1112181

Character
SRR1112181

heavy metalz. 1 a+= ~
tetracycline 0 <= Character L 4
sulphenamide 0 <> fosX 97 <> ~
macrolide 0 <= floR 0 ==
quats, macrolide 1 <+= erm(B} 0 <>
erythromycin 0 <= emrE 0 ==
lincomycin 0 <= dfrD 0 ==
fosfomycin 1 <+= copA 100 <+
streptomycin 0 <= cadA 0 ==
teichoic acid biosyn... 1 <+= berABC 0 ==
beta-lactam 0 <= aph(3"}-b 0 <>
phenicol 0 <>
trimethoprim 0 <>
guats 0 <= w v
Press Insert to add character Press Insert to add character

Figure 11: Example output of the Resistance_traits and the Resistance_loci ex-
periment types.

Acquired Virulence (see Figure 12):

e Virulence_loci: contains the results for each virulence gene: 0 = not detected, when de-
tected the % identity of the best hit is shown.

e Virulence_traits: contains the results for each virulence type: 0 = not detected, 1 = detected.

SRR1112181 SRR1112181

Character h 4 Character A
iron aguisition 1 4= Lol virsS 100 =+= ~
adhesion 1 == virk 93 <>

lower invasion 0 => vip 0 <=

survival in Gl 1 4= stp 98 =+=

intracellular growth 1 a#= sriB 100 =+=

immune modulator 1 == srtA 100 =+=

motility 1 a#= sigB 100 =+=

invasion 1 <+ rsbV 100 <+=

toxin 1 a#= purl 0 <=

stress response 1 =s= preA2 100 <+>

persistence 0 => pris 100 =+=

phagosomal escape 1 4= plcB 100 =+=

immune evasion 1 a#= plod 98 =+=

cold adaptation 1 =ss w pdga 100 <+> w
Press Insert to add character Press Insert to add character

Figure 12: Example output of the Virulence_traits and the Virulence_loci experi-
ment types.

Virulence Islands (see Figure 13):

e island_counts: contains the number of detected loci associated to a pathogenicity island.

e jsland_percentages: contains the percentage of detected loci associated to a pathogenicity
island.

Phage detection (see Figure 14):

e Phage_seq_ids: contains the results of the phages detection by sequence IDs: 0 = not
detected, when detected the % of the detected full phage is shown.
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SRR1112181 SRR1112181

Character h Character A
LIPL4 0 == LIPI-& 0 ==

LIPL2 0 <> LIPL2 0 <>

S5H1 5 <+ S5H1 100 <#=

LIPL3 0 <> LIP3 0 <>

internalin 4 == internalin 100 =+=

LIPH1 B a+x LIPH1 100 =+=

Press Insert to add character Press Insert to add character

Figure 13: Example output of the island_counts and the island_percentages ex-
periment types.

e Phage_categories: contains the results of the phages detection by phage categories: 0 =
not detected, when detected the % of the detected full phage is shown.

SRR1112181 SRR1112181
Character - Character -
Listeria phage A118 0 == ~ SiphoviridaeLWP01 0 ===
Listeria phage PSA 0 => SiphoviridagV/ 0 ==
Listeria phage LWP01 0 => Siphoviridaell 0 ==
Listeria phage A500 0 == Siphoviridael 0 <=
Listeria phage AS11 0 => Herelleviridae 0 ==
Listeria phage B025 0 => SiphoviridaeVb 0 ==
Listeria phage BO54 0 => SiphoviridaelVa 0 ==
Listeria phage P35 0 <= Myoviridae 0 <=
Listeria phage AD05 0 =>
Listeria phage P100 0 =>
Listeria phage P40 0 =>
Listeria phage vB_... 0 <>
Listeria phage LP-0... 0 =>
Listeria phage LP-125 0 => W
Press Insert to add character Press Insert to add character

Figure 14: Example output of the Phage_seq_ids and Phage_categories experi-
ment types.

6. Close the character card(s) by clicking in the top left corner of the card.

6 Reports

1. Open the genotype report for the selected entries with Listeria > Reports....
The Report window contains a genotype report for each of the selected entries (see Figure 15).
2. Select another entry in the Entries panel to update the results in the Genotype report panel.

The creation date of the report (Date), the Key (Name), and information fields checked in the
Listeria genotyping settings dialog box are displayed in the Genotype report panel.

3. Select Report > Report styles in the Report window and make sure the option Summary is
selected.
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% Listeria - functional genotyping report
-

2 Defautt
SRR1112181 .
SRR1378346

SRR1112181

Listeria functional genotyping report

The contents of this report are for research purposes only and not intended for clinical decision making. See
below for full disclaimer.

Date:  2022-04-07
Name: SRR1112181

Sampleld: SAMNO02582707

Acquired resistance - fosfomycin

heavy metals
quats, macrolide
teichoic acid biosynthesis

Acquired virulence :  adhesion
cold adaptation
immune evasion
immune modulator
intracellular growth
invasion
iron aquisition
motility
phagosomal escaps
regulation
stress response
survival in GI
toxin

Virulence islands :  LIPI-1
SS1-1
internalin
Serovar: 1(1/2a, 3a)
Serogroup - lla
Phage : nfa
Species confirmation - Listeria monocytogenes

Figure 15: Example of a functional genotyping report.

A summary of the results of all analyzed traits is displayed in the Report window.
4. Select Report > Report styles in the Report window and select the option Complete.

In the Complete view, the summarized results as well as all available details are shown. All hits
that passed the settings for Resistance, Virulence, Serotype, Phage and Species confirmation
screening are listed and described.

E. coli - functional genotyping report

1 Summary

et
- 1. Summary

2. Default

3. Complete

Figure 16: Report templates in the Report window.

5. Click on a hyperlink of one of the predicted traits to display the detailed results in the Genotype
report panel (see Figure 17).

© 1998-2022 Applied Maths NV. All rights reserved. Not for Diagnostic Use.
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Genotyping Listeria reports — m} X
File Entries Report Window Help

m Listeria - functional genotyping report
-

3. Complete
SRR1112181 ' ' .
SRR1375346 Details
SRR1535729
Resistance
Acquired resistance results
Trait Locus Coverage Identity (%) Position Accession
(%)
teichoic acid  gltA 100.00 9599 2711588.2716180 NZ_CBXRO000000000

biosynthesis

Description:  Glutamate synthase, large subunit A

Publication: PMC3883102

fosfomycin fosX 100.00 97.26 2748595..2748996  AL591981
Description:  fosX

Publication:  10.1111/1541-4337.12387

teichoicacid gltB 100.00 99.12 2716195 2717664 NZ_CBXR000000000
biosynthesis

Description:  Glutamate synthase, large subunit B

Publication: PMC3883102

teichoic acid  tagB 100.00 99.83 596816..595656 NC_003210.1
biosynthesis

Description:  Teichoic acid biosynthesis protein B precursor

Publication: PMC3883102

quats, mdrL 100.00 99.92 303212..302019 ABB71769.1
macrolide

Description:  multidrug efflux pump

Publication: 25910634

heavy copA 100.00 99.95 2195939..2198152 NC_003210.1
metals

Description: heavy metal transporter
Publication: 21564342

Virulence

Acquired virulence results
Trait Locus Coverage Identity (%) Position Accession

£ > Iii I ~

Figure 17: Report details.

6. Select File > Exit to close the Report window.

For more detailed information on the genotyping analyses and interpretation of the reported re-
sults, please check the genotyping plugin manual.
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