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Chapter 1

Starting and setting up BioNumerics

1.1 Introduction

This guide is designed as a manual for the Whole Genome Sequence (WGS) tools plugin of BioNumerics.
With this plugin you can:

• Import sequence read sets as links. This keeps your BioNumerics database lightweight and facili-
tates data transfer to the Calculation Engine.

• Perform whole genome Multi Locus Sequence Typing (wgMLST), consisting of following steps:

1. Synchronize allele definitions and sub-typing schemes from the organism-specific reference
database. If public wgMLST schemes are available and an API is provided to this online repos-
itory (e.g. BIGSdb), one can connect to the public allele definitions and their allele numbering,
sequence types and clonal complex information for the selected organism.

2. Perform calculation-intensive de novo genome assemblies on the Calculation Engine.

3. Assign the allelic variance both assembly-free, directly on the reads, and assembly-based, on the
calculated de novo assembled contigs.

4. Assign sequence types based on different typing subschemes (e.g. MLST, extended MLST, ri-
bosomal MLST, core MLST, whole genome MLST, . . . ).

5. Store custom allele numbering, sequence type and clonal complex information in the BioNu-
merics database, and query this information.

6. Use allele assignment information for phylogenetic cluster analysis to calculate dendrograms
e.g. a minimum spanning tree.

• Perform reference mappings for whole genome Single Nucleotide Polymorphism (wgSNP) analy-
sis.

The minimal configuration for the installation of the WGS tools plugin includes the Sequence data module
( )for import and storage of sequence reads, the Character data module ( ) for storage of allelic profiles
and wgMLST subschemes and the Tree and Network Inference module ( ).

Sequences created by the mapping algorithm can only be compared in a whole genome Single
Nucleotide Polymorphism (wgSNP) analysis when the Genome analysis tools module ( ) is
present in the BioNumerics configuration.
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1.2 Startup program

When BioNumerics is launched from the Windows start panel or when the BioNumerics shortcut ( ) on
your computer’s desktop is double-clicked, the Startup program is run. This program shows the BioNu-
merics Startup window (see Figure 1.1).

Figure 1.1: The BioNumerics Startup window.

A new BioNumerics database is created from the Startup program by pressing the button.

An existing database is opened in BioNumerics with or by simply double-clicking on a database
name in the list.

1.3 Creating a new database

3.1 Press the button in the BioNumerics BioNumerics Startup window to enter the New database
wizard.

3.2 Enter a name for the database, and press <Next>.

A new dialog box pops up, prompting for the type of database (see Figure 1.2).

3.3 Since we want to create a new database to demonstrate the features of the plugin, leave the default option
selected and press <Next>.

A new dialog box pops up, prompting for the database engine (see Figure 1.3).
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Figure 1.2: The New database wizard page.

Figure 1.3: The Database engine wizard page.

3.4 Leave the default option selected and press <Next>.

3.5 Press <Finish> to complete the setup of the new database.

The Plugins dialog box appears.
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Chapter 2

Installing the WGS tools plugin

If a database is opened for the first time, the Plugins dialog box will appear by default (see Figure 2.1).

If the database has already been opened previously, the Plugins dialog box can be called from the Main
window by selecting File > Install / remove plugins... ( ).

Figure 2.1: The Plugins dialog box.

When a particular plugin is selected from the list of plugins, a short description appears in the right panel.

A selected plugin can be installed with the <Activate> button. The software will ask for confirmation
before installation. Some plugins depend on functionality offered by specific BioNumerics modules. If a
required module is missing, the plugin cannot be installed and an error message will be generated.

Once a plugin is installed, it is marked with a green V-sign. It can be removed again with the <Deactivate>
button.

Installation of the plugin requires administrator privileges on the relational database.

0.1 Select the WGS tools plugin from the list in the Applications tab and press the <Activate> button.
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The software asks the user to confirm the installation of the WGS tools plugin. After confirmation, the plugin
installation starts and the WGS tools installation wizard is shown (Figure 2.2).

Figure 2.2: The Calculation engine wizard page in the WGS tools installation wizard.

In the first step, following settings for connection to the calculation engine need to be defined:

• URL: The URL identifies the resource that is used as calculation engine and host for the allele refer-
ence database(s). This URL can direct to the Applied Maths Amazon cloud instance or a locally in-
stalled instance. The default Applied Maths cloud URL is https://wgMLST.applied-maths.com.

• Project name: The project name as obtained from Applied Maths. The project name is linked with
the available credits for a specific account, which is license string-based.

• Password: The user-specific password, linked to the serial number of your BioNumerics package, as
obtained from Applied Maths. The password is used in conjunction with a specific project name.

Enter the credentials for your calculation engine project and press <Next> to proceed to the Organism
wizard page (see Figure 2.3).

Figure 2.3: The Organism wizard page in the WGS tools installation wizard.

In the second page, the Organism (group) needs to be specified to connect to the right organism- or group-
specific allele database. The organism (group) and can be picked from the drop-down list with available
organism schemes from the selected resource. The number of loci is indicated (see Figure 2.3 for an exam-
ple).

https://wgMLST.applied-maths.com
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Pressing <Finish> starts with the synchronization with the specified allele database.

A confirmation dialog is displayed when the synchronization has been completed (see Figure 2.4 for an
example).

Figure 2.4: Synchronization completed message.

The Plugins dialog box can be closed. A WGS tools menu item is now available in the Main window (see
Figure 2.5).

Figure 2.5: The WGS tools menu items.

Six experiment types are created in the database (see Figure 2.6):

Figure 2.6: Experiment types created by the plugin.

• wgs: This sequence read set experiment type is the experiment type which will contain the links to
the sequence read files.

• wgMLST: This character experiment type will contain the results from the wgMLST analysis, i.e. the
consensus allele calls for all loci.
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• denovo: This sequence experiment type will contain the results from the de novo assembly, i.e. the
concatenated de novo contigs.

• quality: This character experiment type will be used to save quality statistics on the read set, the de
novo assembly, the allele identification, . . .

• wgs TrimmedStats: This sequence read set experiment type will contain some data statistics about
the reads retained after trimming.

• wgMLST CallTypes: This character experiment will hold the details on the call types.

Depending on the organism, one or more entry information fields might be created to stored assigned se-
quence types (see 12 for more information).

During installation of the plugin, the wgMLST character experiment is synchronized with the organism-
specific wgMLST scheme. All detected loci and subschemes (see Figure 2.4 for an example) are added to
this experiment.

For additional settings of the WGS tools plugin, see 3.
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WGS tools settings

After installation, settings for the WGS tools plugin can be accessed via WGS tools > Settings....

The settings in the Calculation engine settings dialog box are grouped in four separate tabs:

Figure 3.1: The Calculation engine tab of the Calculation engine settings dialog box.

The calculation engine URL and credentials to your project (i.e. Project name and Password) were entered
during installation of the WGS tools plugin (see 2) and normally do not need to be edited later on.

The Time out (sec) is the maximum time allowed between sending a request to open the connection and the
effective opening of this connection, expressed in seconds. If this limit is exceeded, the session request is
canceled.

The Organism that is shown in the corresponding drop-down list cannot be changed, since a calculation
engine project is linked to an organism-specific allele database. The number of loci available in this allele
database is also indicated in this tab.

Four experiment types created during installation of the plugin (see 2) are automatically linked to the datasets
used for wgMLST analysis (see Figure 3.3). Using the drop-down lists, other experiment types can be
selected e.g. in case of pre-existing databases in which experiment types were named differently.

The Lab ID is used as identification tag when submitting new alleles to the centralized reference allele
database. By default the name of the project is used, but this can be change by the user.

New alleles are automatically submitted when the Submit new alleles automatically check box is checked.
The automatic submission criteria are specified in the Auto submission criteria dialog box (see Figure 3.5).
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Figure 3.2: The Organism tab of the Calculation engine settings dialog box.

Figure 3.3: The Experiment types tab of the Calculation engine settings dialog box.

If Submit new alleles automatically is switched off, the assembly-based algorithm will only
display a positive hit with alleles marked as ’Reference’ or ’Accepted’ in the allele database.
Matches with ’Tentative’ alleles are only made upon submission of the alleles to the allele
database (see 11).

By default, the Use nomenclature acceptance criteria option will be checked, meaning that the automatic
submission settings are defined by the curator of the allele database. However, automatic submission settings
can be changed by the user when Set custom submission criteria is checked. In the latter case, following
parameters can be specified:

• Require start/stop codons (for CDS loci only): only submit sequences that correspond to a protein
coding region (CDS), i.e. the sequence starts with a start codon and ends with a stop codon. This does
not apply for non-CDS loci such as ”classical” MLST loci.

• Allow internal stop codons (for CDS loci only): sequences are submitted even if they contain internal
(i.e. premature) stop codons.

• The Minimum homology towards one of the reference allele sequences within the same locus.

• The Maximum number of gaps in the pairwise sequence alignment towards the closest allele se-
quence assigned the same locus.



13

Figure 3.4: The wgMLST tab of the Calculation engine settings dialog box.

Figure 3.5: The Auto submission criteria dialog box.

In case multiple allele calls are made and different calls obtained for the same locus, two options are available
as to what information is stored in the final allelic profile (i.e. the wgMLST character type experiment):

• Lowest common allele ID: among the allele calls that the assembly-based and the assembly-free
method have in common for a given locus, the one with the lowest allele ID is retained. This is the
default option.

• Store as absent value: no consensus call is retained in the allelic profile for these loci.

The Allele mapping experiments list shows the allele mappings that were set up by the wgMLST allele
database curators. Allele mappings are used to synchronize against other wgMLST services (see 16). Via
the check boxes, allele mapping experiments can be activated or inactivated. When an allele mapping
experiment is activated, a character experiment type with the same name will be created and used to store
the external allelic profiles in.
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Introduction to wgMLST

4.1 What is wgMLST?

Whole genome Multi Locus Sequence Typing (wgMLST) uses whole genome sequencing data to perform
multi-locus sequence typing on a genome-wide scale. For each sample, locus presence is analyzed, and if
present, the allele variant is determined. If the sequence is different from the known alleles for that locus, it
is considered to be a new allele and is assigned a unique allele number. Starting from the complete wgMLST
scheme, different subschemes can be defined as a fixed set of loci leading to typing schemes on different
levels of resolution or function, e.g. MLST, extended MLST, ribosomal MLST, virome, resistome and much
more.

Using the wgMLST method, one looks at the total sequence similarity of coding regions between strains.
wgMLST is based on the concept of allelic variation, meaning that recombinations and deletions or inser-
tions of multiple positions are counted as single evolutionary events. This approach might be biologically
more relevant than approaches that consider only point mutations. Moreover, the wgMLST analysis strategy
naturally incorporates not only the core genome but also the accessory genome, and therefore supersedes
the single reference issue when performing reference-based SNP detection.

4.2 wgMLST in BioNumerics

Within the BioNumerics software, two procedures are in place for allele identification (see Figure 4.1). The
assembly-based method identifies the alleles from de novo assembled genomes using BLAST. This is a
computationally intensive method if your de novo assembly was not calculated already outside of BioNu-
merics, but is required for extrinsic validation of the allele calls. The de novo approach implies that some loci
can be missed due to the multiple contigs from the assembly. In addition, de novo assembly has undefined
behavior for the reconstruction of multi-copy loci, and therefore multi-copy loci are not very well detected
from de novo contigs. The assembly-free method is computationally less intensive, and is designed to be
exhaustive. Missing loci are now missing from the reads rather than from the de novo assembly. Moreover,
multi-copy loci are picked up as separate allele calls.

wgMLST processing is based on two separate entities. On the one hand, the BioNumerics client has full
control over the sample database. All meta data remains local and within BioNumerics, storage of the
data and wgMLST analysis is very user-friendly and results are easily accessible. The WGS tools plugin
enables BioNumerics to link to batches of sequence read sets from either NCBI or EMBL-EBI, Amazon S3,
Illumina BaseSpace or local file servers. From the BioNumerics client, jobs can be launched on a calculation
engine (see below), and the results can be imported back into the BioNumerics database with a single click.
The jobs currently offered include de novo assemblies, and assembly-based or assembly-free wgMLST
allele detection. Results are stored in the database and are available for statistical and population analysis,
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Figure 4.1: The wgMLST principle.

clustering and calculation of minimum spanning trees, partitioning, and identification using BioNumerics’
impressive set of analysis tools.

On the other hand, there is the curated nomenclature server which hosts the organism-specific locus and
allele information (further referred to as the allele database). Alleles are semi-automatically named and
validated through a range of criteria. In addition, automated synchronization procedures with public nomen-
clature servers and sample reporting tools are in place. In absence of suitable automated tools, it would be
a daunting task to maintain a consistent allele assignment for thousands of loci. To accommodate for this,
the wgMLST curator plugin provides automated curation tools needed to set up and maintain a wgMLST
scheme and derived subschemes for any organism of choice.

Demanding calculations such as de novo assemblies can be performed on an external calculation engine.
The choice here is offered between pay-per-use cloud solutions or a local deployment e.g. on a computer
cluster. The Applied Maths cloud-based calculation engine is designed to process hundreds of isolates within
the hour, providing extremely fast turnaround times for the primary analysis. From within BioNumerics,
jobs can be posted on the calculation engine and the results from such calculations retrieved. An extensive
quality control environment allows you to look at and interact with the results from a genome-wide view up
to base level. Only the wgMLST allelic profiles are stored in the BioNumerics database as character sets,
resulting in a lightweight and responsive strain database. This also means that hardware requirements for
the desktop or laptop computer running BioNumerics are kept modest.

4.3 wgMLST definitions

Some wgMLST definitions used throughout the software:
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• Imperfect match: An allele that resembles closely to one of the approved alleles in the curator database
but is not 100% identical to one of these alleles. The imperfect match results from the assembly-based
algorithm that did not find an approved allele whose sequence is 100% identical to the query allele
sequence.

• New match: This is an imperfect match eligible for submission or an allele hit that has already been
submitted (and was an imperfect match in the past until it was submitted). Not all imperfect matches
meet the criteria set for submission e.g. due to degenerate IUPAC code.

• New call that can be submitted: This is a new match that has not been submitted yet.

• Known allele hit: Allele hit for which an allele identification algorithm found a matching allele in the
curator database (in case of the assembly-based algorithm, the sequence identity does not have to be
100%).

• Unknown allele hit: These kind of hits can be found by the assembly-free algorithm. It is used for
cases where the algorithm is sure that the locus is present, but the algorithm was unable to find a 100%
matching allele for this locus.

• Summary calls: After each round of allele identification, all available data from the two allele iden-
tification algorithms are combined and condensed into a single set of allele assignments. If only one
of the two algorithms was run, this set contains all known and unknown allele hits as found by that
algorithm. If both algorithms were run, the outcome for each locus depends on the data available for
that locus. If only one of the two algorithms found one or more alleles for a locus, the allele hits of the
one algorithm will be included in the summary calls. In case the assembly-free algorithm found a so
far unknown allele and the assembly-based algorithm found at least one hit, only the known hits with
a sequence identity of 100% are included. If both algorithms found hits for a locus (of type known),
only those hits found by both with a sequence identity of 100% are included. If there is no overlap,
the summary calls will have no results as the allele calls were discrepant for that locus.

• SI (assembly-free): The fraction of the number of k-mers of the allele sequence found in the sample
versus the number of k-mers present in the matching allele sequence in the allele database.

• SI (assembly-based): The sequence identity between the allele sequence from the assembled genome
and a matching allele sequence in the allele database, as determined by BLAST.
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Chapter 5

Synchronization with the allele database

The organism-specific set of loci and typing schemes are defined in the curated wgMLST allele database.
Upon installation of the WGS tools plugin (see 2), the client database is automatically synchronized with the
allele database.

When the reference loci for the wgMLST analysis are updated or new subschemes are added by the curator,
these changes should also be reflected in the sample database. For such situations, the curator can request a
synchronization of all client databases with the allele database. The same action can be triggered manually
via WGS tools > Synchronize.

A synchronization action will download the latest scheme definitions from the allele database and import
them in the sample database as character views on the loci. It will automatically create an entry information
field to store sequence types in for each subscheme that has sequence types (see 12). In case additional loci
were added to the scheme by the curator, these new loci will be added to the wgMLST character experiment
type. Moreover, new loci may be incorporated in one or more wgMLST subschemes, so the subschemes
will be updated as well. After synchronization, some feedback on the number of new loci and subschemes
that were added is displayed in a message box.
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Chapter 6

Importing sequence read sets for the
Calculation Engine

6.1 Importing sequence read sets as links

To initiate wgMLST analysis on your samples, the sequence reads should preferably be imported as data
links. This import option is only available after installation of the WGS tools plugin.

Select File > Import... ( , Ctrl+I) to open the Import dialog box and to start the import of the sequence
read sets. Under Sequence read sets data, the option Import sequence read set data as links became
available after installation of the WGS tools plugin. One should use this option to import the read files as
data links to the sequence read set type wgs, the experiment type used to initiate the wgMLST analyses from
(as defined in the Sequence read set data from the Import dialog box). This starts the Import sequence read
sets as links wizard.

If a job is submitted to the calculation engine with a sequence read set imported as file, BioNu-
merics first exports the sequence read set from the database to a *.fastq.gz file and then sends
the latter to the calculation engine. The relatively slow export step can be avoided with sequence
reads sets imported as links.

In versions prior to BioNumerics version 7.6.1, sequence read sets will only be available for the
calculation engine (and hence for wgMLST analysis or for the reference mapping in wgSNP)
when imported as links.

6.2 Importing sequence read sets: Data source

Sequence read sets can be imported as links from multiple data sources, including online and offline data
repositories such as:

• NCBI (SRA): Defines a link to data from the Sequence Read Archive (SRA) repository, based on the
NCBI run accession number (see 6.3).

• EMBL-EBI (ENA): Defines a link to data from the ENA repository, based on the EMBL-EBI run
accession number (see 6.3).

• Amazon (S3): Defines a link to data uploaded to a client-specific data bucket hosted at the Amazon
S3 storage repository. For this import, specific Amazon S3 credentials including the bucket name, the
access key ID and the secret access key of the Amazon S3 user need to be completed before access is
granted (see 6.4).
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Figure 6.1: The first page of the Import sequence read sets as links wizard: the Data source
wizard page.

• BaseSpace: Defines a link to data uploaded to a data folder hosted on Illumina BaseSpace. For this
import, specific BaseSpace credentials need to be filled before access is granted (see 6.5).

• Local file server: Defines a link to *.fastq or *.fastq.gz files on your computer or on a local data
storage server (see 6.6).

Depending on the choice of import, different parameters may be queried in the Data source wizard page
(see next paragraphs).

6.3 Importing sequence read sets from NCBI (SRA) or EMBL-EBI
(ENA)

The only required information when importing data from NCBI or EMBL-EBI, are the run accession num-
bers for the read data.

When fetching multiple runs in the same import routine, the different accession codes need to be separated
by the same separation character in the Accession code(s) input box. The character that separates the
different codes in the upper input box needs to be specified in the Separation character input field.

With the Pick up accession codes from field option, accession codes stored in an entry information field
in the database can be added to the Accession code(s) panel by selecting the entry field from the list and
pressing the <Fetch> button. When no information is detected for the selected entries an error message is
generated.

Continue the import by pressing <Next>. This opens the Import template wizard page (see 6.7).

6.4 Importing sequence read sets from Amazon (S3)

Upon the import of sequence read sets as data links from Amazon S3, the specific credentials are requested
in the Amazon S3 credentials dialog box (see Figure 6.3).
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Figure 6.2: The Input wizard page: Import from NCBI.

Figure 6.3: The Import sequence read sets as links wizard: Amazon S3 credentials dialog
box.

After entering the Bucket name, the Access key ID and the Secret access key, one can proceed to the
Input wizard page where the read files for import can be selected. Navigate through the bucket structure by
selecting the + and - signs and check the folders and/or files that need to be imported as data links. Press
<Next> to continue the import. This opens the Import rules dialog box (see 6.7).

6.5 Importing sequence read sets from BaseSpace

For the import of sequence read sets as data links from BaseSpace, browse access is requested upon import
(see Figure 6.4).

After confirmation, a browser window opens which links to the Illumina Account Login page. Once logged
in to your Illumina Account, browse access is requested for the wgMLST application (see Figure 6.5).

After acceptance, the browser window can be closed and project and sample information from the BaseSpace
account is updated in the Input dialog page of the Import sequence read sets as links wizard (see Figure 6.6).
After selecting the project and sample information that will be imported, the import template for both the
project and sample name can be defined in the next dialog page.

Creating the import template is similar to the workflow described under 6.3, except that the accession code
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Figure 6.4: Information dialog to grant browse access to BaseSpace.

Figure 6.5: wgMLST access request on BaseSpace.

Figure 6.6: The Input dialog page of the Import sequence read sets as links wizard for
BaseSpace.

information is replaced by project and sample name as defined in the BaseSpace account.
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In contrast to the other import methods, BaseSpace read access will additionally be questioned at
the moment any of the wgMLST analyses are launched. After confirmation, a browser window
will open where you can log in to your personal BaseSpace account and accept the permission
for the wgMLST application to use a specific dataset (see Figure 6.7).

Figure 6.7: wgMLST read data request on BaseSpace.

6.6 Importing sequence read sets from a local file server

Figure 6.8: The Input wizard page: Select files from local file server.

Pressing the <Browse> button allows you to select the file(s) that you want to import. These files can be
located on your computer, external drive or on a network location. Note that you can import multiple files at
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once. Just below the file list, a brief summary on the selected files is displayed and updated. This summary
indicates how many files of a specific file format were found, and their total file size.

Deleting one or multiple files from the import list can be done by selecting the items from the list and
pressing the <Delete> button. By pressing the <Delete all> button, all files present in the import list are
deleted at once.

Checking the option Auto-detect paired-end files ensures that the files are checked for the presence of
paired-end data. Files that contain paired-end data are recognized by the same file name except for paired-
end specific characters. If this option is checked, sequence reads will obtain the status of paired-end reads
and this information is also saved to the experiment in the database. In the next step, the import template
can be defined (see 6.7).

6.7 Importing sequence read sets as links: import template

To specify which sample data and meta data is saved in the database, one needs to create an import template.
Once created, this import template remains available in the database. Import templates can be edited at any
time and can even be exported as an XML file and imported in other databases or shared by colleagues. In
this way, import templates are proven to be very valuable when routinely importing updated data files or
similar data formats.

In this part, we will only briefly discuss the creation of the import template, typically used for sequence read
sets which are imported as links. Typically, all rows in the grid can be associated with a new or existing entry
information field. Initially the rows are not linked to any information in the database, i.e. the Destination
type and Destination for all rows is set to <None> (see Figure 6.9).

Figure 6.9: The Import sequence read sets as links wizard: Import rules dialog box.

Specifying a destination for one or more selected rows can be done by pressing the <Edit destination>
button or by double-clicking the Source type. This action displays a new dialog box prompting for the new
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destination for the selected row(s) (see Figure 6.10).

Figure 6.10: Import sequence read sets: Import template rules: Edit data destination.

The information of the selected rows can be linked to:

• A Sequence read set data type.

• The default information field Key.

• A new or existing non-default entry information field (select the <Create new> option or an existing
field under the topic Entry info field, respectively).

If a row is linked to a new entry information field, a new dialog box pops up after confirmation by pressing
the <OK> button. This new dialog box prompts for the entry information field name. A default name
is suggested by the software, but can be overwritten if desired. Pressing the <OK> button creates the
entry information field in the database, and updates the information in the Destination type and Destination
columns in the grid.

Once the import template and the link field is defined, the template can be saved and is displayed in the
Import template wizard page (see Figure 6.11).

The experiment type where the data should be saved to also needs to be defined. All existing sequence read
sets are displayed in the drop-down menu. Before continuing, make sure the experiment type wgs is selected
for wgMLST applications (or other as defined in the Sequence read set data from the Calculation engine
settings dialog box).

The Database links wizard page allows you to have an overview of the entries that will be created and/or
updated in the database. At this point, you can still define that you only want to create new entries and
not alter anything on data already present in the database or vice versa. When in doubt, double-clicking on
the create or the update cell will give you a list of the entries that will be created or updated, respectively.
Double-clicking on one of the entry keys opens the corresponding Entry window. By default, the check box
Select modified entries is checked, which implies that after import, entries that were created or updated will
be selected in the Main window. Press <Next> to proceed to the Processing wizard page (see Figure 6.13).

When the option Open ’submit jobs’ dialog after import is checked, the Submit jobs dialog box will be
opened after import.

The option Calculate sequence read set statistics only appears when Local file server was selected in the
Data source wizard page (see 6.2) and allows to create sequence read set statistics during import, i.e. prior
to running any jobs on the calculation engine.

Select <Finish> to start the actual import of the data into sequence read set experiments.
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Figure 6.11: The Import sequence read sets wizard: Import template wizard page.

Figure 6.12: The Import sequence read sets wizard: Database links wizard page.
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Figure 6.13: The Import sequence read sets wizard: Processing wizard page.
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Chapter 7

Job management on the Calculation
Engine

7.1 Launching jobs

Launching jobs on the calculation engine for wgSNP and/or wgMLST is an easy process: In the Main
window, select the entries that need to be analyzed and use WGS tools > Submit jobs... ( ). This action
opens the Submit jobs dialog box (see Figure 7.1).

Figure 7.1: The Submit jobs dialog box.

From the Submit jobs dialog box, one can define which algorithms need to be run on the samples, and as
such, define and launch the related jobs on the calculation engine.

From the Algorithms part, select the analyses that need to be run on the selected batch of samples.

• For use in wgSNP analysis, Reference mapping jobs can be launched (see 7.3).

• Three types of jobs are available for wgMLST:

– De novo assembly (see 7.4), and
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– Assembly-based calls to define the alleles based on a BLAST analysis on the de novo assembled
contigs (see 7.5).

– Assembly-free calls to define the alleles directly from the reads (see 7.6),

In addition, raw data statistics (see 7.7) are automatically calculated with any job that acts on the sequence
reads (i.e. with a Reference mapping, De novo assembly or Assembly-free calls job).

Jobs that already have been submitted and have been imported successfully, will not be relaunched for
analysis, unless the check box in front of Re-submit already processed data in the Jobs part is checked.

By default, the Calculation engine overview window will be opened after submission of the jobs. However,
this can be changed by unchecking the option Open jobs overview window.

For more information on the credits needed to post the selected jobs, press the the <Details...> button. This
action opens the Details dialog box (see Figure 7.2).

Figure 7.2: The Details dialog box, indicating credit information.

The Credits needed to submit selected jobs are determined by the number of jobs and their respective credit
costs (i.e. 1 credit for the Reference mapping, 1 credit for de novo assembly, 3 credits for the Assembly-
based calls, and 3 credits for the Assembly-free calls). The Credits available for job submission are the
number of credits granted to a particular project.

With the <Buy extra credits...> button, calculation engine credits can be purchased online. Your software
serial number and wgMLST project name will be filled in automatically.

Pressing <Close> closes the Details dialog box.

When the <OK> button is pressed in the Submit jobs dialog box, a confirmation message appears. After
confirmation, the jobs are launched to the calculation engine.

In case one or more of the sequence read sets are stored as links to a local file server, the message ”Some
local SRS links need to be exported to the CE Store. An external upload application will start. Please do
not close this application until all files have been uploaded.” After confirmation, the CE Store Uploader will
start (see 7.2).

In case one or more of the sequence read sets are stored as files, the message will additionally read ”Some
local SRS data needs to be exported to fastq.gz files first. This may take a while and will block you from
working with BN in the meantime.”. In this scenario, BioNumerics will first export the sequence read set
files from the database to *.fastq.gz files in a temporary location. This export is a relatively slow process,
during which BioNumerics will be unavailable for other commands. When the export of *.fastq.gz files
is complete, the CE Store Uploader (see 7.2) will start and upload the *.fastq.gz files to the CE Store, in
the same way as for local links.
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7.2 The CE Store uploader

The CE Store Uploader is a separate executable included in the BioNumerics installation. This tool uploads
*.fastq.gz files for sequence read sets stored as local links to an Amazon S3 temporary storage (called
CE Store), which the calculation engine can access. The CE Store is managed by the Data Manager service
on the calculation engine, ensuring that:

• Files on the CE Store can only be used in the context of the calculation engine project and the BioN-
umerics database from which they were uploaded.

• Only the calculation engine has read access to the files.

• Uploaded files are automatically removed after one week.

When submitting a job to the calculation engine for a sequence read set stored as local link, BioNumerics
first checks if the *.fastq.gz files are already present on the CE Store. This will be the case when a job
for the sequence read set was submitted earlier and the caching time has not exceeded yet. If the files are
already available on the CE Store and the data link has not changed, a new upload is not needed and the
files on the CE Store will be used. When one or more files actually should be uploaded to the CE Store,
BioNumerics launches the CE Store Uploader (see Figure 7.3).

Figure 7.3: The CE Store Uploader.

For each file to be uploaded, a progress bar is displayed. Files will be split into multiple parts and uploaded
in parallel. If the upload of a file part fails, the CE Store Uploader will try again (maximum three attempts).
An orange segment in the progress bar means that the part is being uploaded. Green means that the upload
is completed and red means that the file part could not be uploaded even after three attempts.

Pressing will pause the uploads, pressing resumes the uploads again. If there are file parts for

which the upload failed, another attempt to upload these file parts will be made when the button is
pressed.

When attempting to close the CE Store Uploader (e.g. via File > Quit) when uploads are still in progress,
the confirmation message ”One or more files are still being uploaded. Quit anyway?” appears. If the CE
Store Uploader is closed and started again, it will resume the uploads from where it left off.
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An upload should never be stalled for an extended period of time because the corresponding job
on the calculation engine will result in an error if the data are not uploaded within 24 hours after
the job was launched.

File > Hide minimizes the CE Store Uploader to the Windows notification tray. With Tools > Show log, a
log file is displayed for the current session.

In case a file is overwritten under the same name (i.e. the file path has stayed the same, but the
file content is different), the corresponding sequence read set should be re-imported as link in
your BioNumerics database so that the CE Store Uploader recognizes that this file has changed.
If not, the file will be served from the CE Store cache if it is available there.

7.3 Reference mapping

The Reference mapping option will launch a mapping of the sequence reads against a reference sequence
using either Bowtie 2 [2] or the Applied Maths mapper for each of the checked sequence types in the list
below.

This list is limited to sequence types that are ”reference mapped”. Hence, the template sequence to map
against will be the reference sequence as specified in the sequence type settings (see the reference manual
for more information).

The list below the Reference mapping option in the Submit jobs dialog box only shows experi-
ment types from the currently active view in the Experiment types panel. To limit this list to the
relevant ones (useful in case many reference mapped sequence types are defined), first select the
sequence types for which to perform a mapping in the Experiment types panel and then switch
to the <Selected Experiment types> view via the corresponding drop-down list, prior to calling
the Submit jobs dialog box with WGS tools > Submit jobs... ( ).

The settings for this type of job can be defined by pressing <Settings...>. This action displays the Reference
mapping settings dialog box (see Figure 7.4).

Figure 7.4: The Reference mapping settings dialog box.

Under Algorithm, one of the two available reference mapping algorithms needs to be selected:

• Bowtie: the Bowtie 2 gapped-read alignment algorithm [2].
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• Applied Maths mapper: a proprietary alignment algorithm developed by Applied Maths.

Both algorithms have the same set of parameters:

• Min. total coverage: Minimum total coverage of a position to be considered for consensus base
calling. If the coverage is too low, the position will be called N in the consensus sequence.

• Min. forward coverage: Minimum forward coverage of a position to be considered for consensus
base calling. If the coverage is too low, the position will be called N in the consensus sequence.

• Min. reverse coverage: Minimum reverse coverage of a base to be considered for consensus base
calling. If the coverage is too low, the position will be called N in the consensus sequence.

• Gap threshold: Minimum frequency of a base position before that position is considered in the con-
sensus sequence.

• Single base threshold: Minimum frequency of the most frequent base before this base is considered
the unique base at a certain position in the consensus sequence.

• Double base threshold: Minimum summed frequency of the two most frequent bases before these
bases are considered the two possible bases at a certain position in the consensus sequence and are
denoted with IUPAC code for 2-fold degenerated positions (R: A/G; M: C/A; S: C/G, Y: C/T; W: A/T; K:
G/T). Only applicable for positions that do not fulfill the criterion for single base calling.

• Triple base threshold: Minimum frequency of the three most frequent bases before these bases are
considered the three possible bases at a certain position in the consensus sequence and are denoted
with IUPAC code for 3-fold degenerated positions (V: A/C/G; H: A/C/T; D: A/G/T; B: C/G/T). Only
applicable for positions that do not fulfill the criteria for single or double base calling. Any position
that does not reach the required consensus for triple degeneracy is denoted as N.

When altering these settings, one can save the updated settings as defaults to the database with Save algo-
rithm settings as default.

The sequence created by the mapping algorithm will be imported in the BioNumerics database and saved in
the corresponding reference mapped sequence type.

7.4 De novo assembly

The de novo assembly option launches the SPAdes [1] or Velvet [3] algorithm to calculate the de novo
sequence assembly and additionally, performs a correction on the base calling by mapping back the reads
onto the generated contigs.

The settings for this algorithm can be defined by pressing <Settings...>. This action displays the Perform
de novo assembly dialog box (see Figure 7.5).

In the Perform de novo assembly dialog box, the minimum coverage (Min. coverage) of the de novo contigs
can be defined, the Expected coverage, the minimum contig length to be retained (Min. contig length) and
details on the assembler algorithm to use. A Min. coverage of “-1” implies that the minimum coverage is
automatically defined from the de novo coverage.

By default, the SPAdes genome assembly algorithm [1] is be used. Optionally, k-mer sizes and the Data
format can be specified.

Alternatively, three implementations for the Velvet assembly algorithm are available. In the first one, Velvet
uses a fixed k-mer size and in two other implementations are k-mer optimized algorithms, one using a
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Figure 7.5: The Perform de novo assembly dialog box.

range of absolute k-mer sizes (Velvet optimizer (absolute k-mer sizes)), and one using a range of k-mer
sizes, expressed as relative k-mer sizes [0,1] towards the average read length (Velvet optimizer (relative
k-mer sizes)). After the de novo assembly, read mapping is performed on the de novo contigs to correct for
erroneous base calls.

When altering these settings, one can save the updated settings as defaults to the database with Save algo-
rithm settings as default.

The de novo contigs created by the assembly algorithm will be imported as denovo sequence experiment
type in the BioNumerics database.

7.5 Assembly-based allele calling

The Assembly-based calls wgMLST algorithm launches the BLAST-based allele detection on the de novo
assembled contigs. The algorithm will check which loci are present, and if present, the allele number for
the loci in the contig sequences will be determined.

The settings for this algorithm can be defined by pressing <Settings...>. This action displays the Perform
BLAST on assemblies dialog box (see Figure 7.6).

Figure 7.6: The Perform BLAST on assemblies dialog box.

In this dialog, the Word size for the BLAST search can be defined. The option <Default> hereby uses the
default word size as specified in the allele database (i.e. by the allele database curator).

Furthermore, the Minimum similarity for an allele to be retained as a tentative match can be specified and
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whether or not to Allow gapped alignments.

When altering these settings, one can save the updated settings as defaults to the database with Save algo-
rithm settings as default.

The results of this algorithm, i.e. the allele calls for the different loci, will be imported as wgMLST character
information, and where applicable, combined with the results of the k-mer based allele detection (see 7.6
and 10.4).

7.6 Assembly-free allele calling

Starting from the trimmed sequence read set data, the Assembly-free calls wgMLST algorithm uses a k-mer
based approach to check which loci are present from the organism-specific wgMLST scheme, and if present,
identifies the allele number(s) of the present loci.

The settings for this algorithm can be defined by pressing <Settings...>. This action displays the Find
alleles dialog box (see Figure 7.7).

Figure 7.7: The Find alleles dialog box.

In the Find alleles dialog box, the k-mer size for the lookup table can be selected from the drop-down list
and the minimum total coverage (Min. coverage), minimum forward coverage (Min. fwd coverage) and
minimum reverse coverage (Min. rev coverage) for a locus to be called present can be defined. When
altering these settings, one can save the updated settings as defaults to the database with Save algorithm
settings as default.

The results of this algorithm, i.e. the allele calls for the different loci, will be imported as wgMLST character
information, and where applicable, combined with the results of the BLAST-based allele detection (see 7.5
and 10.4).

7.7 Raw data statistics

Raw data statistics calculates the number of reads available in the sequence read set, the sequence length
statistics, the quality statistics and the base statistics that will be displayed in the Sequence read set ex-
periment window. The calculation of Raw data statistics is included in any job that works directly on the
sequence reads.
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Chapter 8

Calculation engine overview window

In the Calculation engine overview window (see Figure 8.1), the entry key, the time of submission, the job
status, a description of the job and its progress and much more can be monitored. In the Message field, the
run comments are displayed in real time which allows you to look into detail in e.g. error messages when
the Error status for a specific job is displayed.

Figure 8.1: The Calculation engine overview window.

Moreover, one can have a look at the detailed log file for a selected job by selecting Jobs > Get logs... ( )
or double-clicking the job. This opens the log file for the job at hand. To refresh the overview, press View >
Refresh ( , F5). The Calculation engine overview window can be configured to update automatically, see
below.

Jobs can be sorted based on the content of a selected column by View > Sort ( ). From the drop-down list
in the toolbar, different job views can be used. By default, jobs for all users are displayed. By activating the
drop-down list, one can filter the jobs and choose to display only the jobs that have been submitted or that
are queued, running, finished or failed. By selecting View > My jobs ( ), the same job filters are applied,
but this time only for the current user, i.e. My jobs are displayed instead of All jobs.

A selected job can be canceled by selecting Jobs > Cancel ( ). This will only interrupt the calculation
process, but the underlying data remains accessible on the calculation engine. Erroneous jobs and their
related data can be deleted from the calculation engine by selecting Jobs > Cleanup ( ).

Once a job has been finished, the results can be imported in the database by selecting Jobs > Get results
( ) from the Calculation engine overview window. Multiple selected job results can be imported at once
by selecting Jobs > Get results ( ).

Selected jobs can be resubmitted with Jobs > Resubmit. A confirmation message will appear before the
jobs are actually submitted again.

An automatic update can be defined from the Settings dialog box after selecting File > Settings (see Figure
8.2).

From this dialog, one can turn on the automatic update for the Calculation engine overview window and
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Figure 8.2: The Settings dialog box.

define the update interval (expressed in minutes). If the automatic update is enabled, there is the possibility
to automatically import the results in the BioNumerics database upon completion of the jobs. Imported jobs
are then removed from the job overview.

Close the Calculation engine overview window by selecting File > Exit (Alt+F4).
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Identification of allelic profiles

As already mentioned, job results can be imported from the Calculation engine overview window by select-
ing Jobs > Get results ( ) or enabling the automatic update from the Settings dialog box.

As an alternative, the job results can also be imported starting from the entry selection in the Main window.
Thereto, select WGS tools > Get results ( ). For the selected entries, all available job results will now
be imported to the database and linked to their respective entry and experiment type. In addition, the log
files from the calculation engine jobs are saved to the Entry window. All available log reports are displayed
in the Job log panel. Once the results are imported, the corresponding jobs and their underlying data sets
are automatically deleted from the calculation engine and as such, from the Calculation engine overview
window.

For a selection of entries, all subscheme identification reports can be viewed by selecting WGS tools > View
wgMLST reports.... This opens the Report window (see Figure 9.1).

Figure 9.1: The Report window

At the left in the Report window, the different entries are listed and at the right, the detailed scheme report
for the selected entry at hand is displayed. By default, the MLST subscheme is displayed but when different
subschemes are defined in the curator database, one can navigate through the subscheme reports by toggling
between them. All reports can be updated one by one by selecting Report > Update current report, or all
at once by selecting Entries > Update all ( ).
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When updating all reports, one gets the choice of updating only the selected subscheme or all subschemes
defined in the curator database. Present reports can be updated by checking this option in the Update reports
dialog box (see Figure 9.2).

Figure 9.2: The Update reports dialog box.

From the Entry window, the wgMLST reports can be viewed by selecting the Report tab in the Entry window
(see Figure 9.3). Also here, reports can be updated by selecting Report > Update current report.

Figure 9.3: The wgMLST Report panel in the Entry window.
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Quality assessment of allelic profiles

10.1 Introduction

Detailed quality assessment of the allelic profiles and synchronization of the profiles with the allele database
can be done from the wgMLST quality assessment window which can be opened from the Main window for
the entry selection by selecting WGS tools > wgMLST quality assessment... ( ) (see 10.2).

The quality parameters used in the wgMLST quality assessment window are stored in the character exper-
iment type quality and can also be consulted in a quick and easy way in the Comparison window (see
10.3).

10.2 The wgMLST quality assessment window

10.2.1 Entries panel

The wgMLST quality assessment window can be opened from the Main window for the entry selection
with WGS tools > wgMLST quality assessment... ( ). The Entries panel contains the entry (i.e. sample
or strain) information for which data is loaded and their quality parameters on each of the analyses is
displayed (see Figure 10.1 for an example). When selecting a different entry, the circular graph and the
allele information is updated with the pertaining information.

Figure 10.1: The Entries panel.

The filter Entries > Show only entries with low-quality data ( ) shows only those entries that have at
least one quality score which is considered below acceptable, indicated in red. Threshold levels for which
values are considered acceptable are managed by the curator of each wgMLST allele database individually.
One can sort, based on a highlighted column in the Entries panel, by selecting Entries > Sort entries ( ).
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Specific entry information can be queried after opening the Entry window by selecting Entries > Open
highlighted entry....

The quality of the output from the calculations run on the calculation engine as well as the summary calls
that are updated after each allele identification procedure are assessed for a number of criteria and is reflected
by a single value (minimum of all scores for that algorithm or routine).

Detailed parameter values can be accessed from the Quality control dialog box that opens after double-
clicking an entry (see Figure 10.2).

Figure 10.2: The Quality control dialog box.

For each criterion a reference value is set by the curator of the wgMLST allele database that serves as a

• Minimum threshold: the quality values must be equal to or greater than the threshold to be considered
as acceptable,

• Maximum threshold: the quality values must be smaller than or equal to the threshold to be consid-
ered as acceptable,

• Centered value: the quality values must lie in an interval around the centered value to be considered
as acceptable. The range of the interval is determined by a tolerance factor.

These reference values are used for calculating a single quality score for each quality value.

Four different quality score calculations exist where a quality value must be (i) greater than a minimum
threshold, (ii) greater than a minimum threshold but is bounded to a maximum, (iii) less than a maximum
threshold, or (iv) close to a centered value.

For each algorithm, a number of criteria are evaluated. If all criteria are within acceptable bounds, ’OK’ is
printed. If this is not the case, the parameter which deviates most is the final value that is reported in the
Entries panel of the wgMLST quality assessment window. The color is an indication of the magnitude of
deviation.

A detailed explanation of each parameter can be found in 10.4.
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10.2.2 Genome Viewer and Tracks panel

The Genome panel is a visualization tool for interactive exploration of the genome sequences and its features
e.g. the wgMLST allele assignments, the de novo contigs, the GC content and the forward and reverse
coverage. A zoom-able map is generated consisting of the different tracks over the genome.

The Tracks panel gives an overview of the information available that can be plotted on the circular graph.
Depending on the track that is highlighted in the Tracks panel, the features (if any) of the selected track are
displayed in the Alleles panel.

The Genome panel shows the graphical representation of the sequence. The circular representation of the
sequence is the default view.

With the zoom slider – located next to the toolbar – one can zoom in or out on the sequence. Alternatively
one can use the mouse wheel or the + and - keys on the keyboard. When zooming in on the circular sequence,
zooming is done on the upper area of the circular sequence.

Zooming can be done up to base level. The bases are colored based on following color scheme: green - A,
blue - C, red - T, black - G, and gray for any IUPAC code denoting ambiguous positions (see Figure 10.3).
The base numbers shown on top of the sequence correspond to the base numbering as used in the Sequence
editor window.

Figure 10.3: Zooming up to base level.

A zooming area can be specified with Graph > Set view range.... This actions calls the Set view range
dialog box (see Figure 10.4).

Figure 10.4: The Set view range dialog box.

The start (Begin) and stop (End) positions of the zoom area are prompted for. Pressing the <OK> button,
updates the visible sequence part in the Genome panel based on the entered positions.

The gray vertical line on the circular map corresponds to the start position of the sequence (see Figure 10.3).
The circular sequence can be rotated by holding down the left mouse button while dragging the mouse. With
Graph > Reset cursor ( ) the circular sequence is rotated back to its original representation, i.e. with the
start position located at the top of the map.
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The cursor position is visible as an orange vertical line on the sequence. Double-clicking on a position on
the circular map, rotates the map by placing the selected position at the top of the map. The cursor can be
extended to cover a range of bases by holding down the Shift-key while selecting a position with the mouse.

The cursor position can be moved using the left and right arrow keys on the keyboard. In combination with
the Ctrl-key this results in larger jumps. Using the Home button the cursor is placed at the start of the
sequence. The end of the sequence is selected when the End button is pressed.

A miniature map is displayed below the circular sequence, representing the entire circular sequence present
in the Genome panel. The portion of the sequence currently visible in the Genome panel is highlighted with
a white color on the mini map, showing the relative position of the visible sequence to the entire sequence.
To hide the mini map, click on the arrow in the left upper corner of the mini map. Un-hiding the map is
done by clicking on the arrow again.

The portion of the sequence currently visible in the Genome panel can be displayed as a linear sequence
using the option Graph > Linear ( ). With Graph > Multi-line ( ) the complete sequence is wrapped
into the width of the Genome panel and is displayed on more than one line. To go back to the circular
representation, use Graph > Circular ( ).

The graphical representation of the sequence can be exported to the clipboard with File > Export.... This
calls the Export image dialog box.

Figure 10.5: The Export image dialog box.

This dialog box allows you to export graphical information to a file or to the Windows clipboard in one of
several available formats. In case a file is exported, a file Name should always be entered or browsed for
via the <Browse> button. Exported files will open in their default editor. Information on the Windows
clipboard can be pasted into other applications. Following export options are available:

• PNG image (*.png): exports to a Portable Network Graphics (PNG) file. PNG is a raster graphics file
format that supports lossless data compression. A Name and Width (in pixels) should be specified;
the height will be determined automatically.

• JPG image (*.jpg): exports to a Joint Photographic Experts Group (JPEG) file. JPEG or JPG is a
raster graphics file format that uses a lossy data compression. A Name and Width (in pixels) should
be specified, as well as a Quality parameter. With the latter, a tradeoff can be obtained between storage
size and image quality.

• TIFF image (*.tiff): exports to a Tagged Image File Format (TIFF) file. TIFF is a raster graphics file
format with optional lossless data compression. A Name and Width (in pixels) should be specified.

• Bitmap image (*.bmp): exports to a BMP bitmap image or device independent bitmap (DIB) file.
BMP is a raster graphics image file format used to store bitmap digital images, independently of the
display device. A Name and Width (in pixels) should be specified.
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• PDF document (*.pdf): exports to a Portable Document Format (PDF) file. PDF is a file format
used to present documents in a manner independent of application software, hardware, and operating
systems. A Name and the Orientation (either Landscape or Portrait) should be specified.

• Postscript document (*.ps): exports to a PostScript (PS) file. PostScript is a computer language
for creating vector graphics. A Name and the Orientation (either Landscape or Portrait) should be
specified.

• SVG image (*.svg): exports to a Scalable Vector Graphics (SVG) file. SVG is an XML-based vector
image format for two-dimensional graphics. A Name should be specified.

• Metafile to clipboard: copies the graphics as Windows enhanced metafile to the clipboard. Enhanced
metafile is the standard clipboard exchange format between native Windows applications.

• Bitmap to clipboard: copies the graphics as a bitmap to the Windows clipboard. The Width (in pixels)
should be specified.

The Tracks panel gives an overview of the information that can be displayed on the sequence in the Genome
panel. The Sequence and Sequence Scale tracks are available for every sequence. The availability of the
other tracks depends on the information present in the underlying database. From top to bottom, the default
track order contains:

• The Sequence scale track contains the base pair indication of the sequence length (clockwise).

• The Sequence track contains the nucleotide calls for a specific nucleotide position. The bases are
colored based on following color scheme: green - A, blue - C, red - T, black - G, and gray for any
IUPAC code denoting ambiguous positions.

• The Summary calls track is listed if at least one locus is present in the summary loci obtained by
combining the assembly-free and assembly-based calls. If both methods returned allele calls, the
summary is defined as the alleles that are similar between both analyses. If for a specific loci, the allele
call is only available from one algorithm, the allele call is also included in the summary. Selecting
this track in the Tracks panel will display all alleles in the Genome panel and update the Alleles
panel with their Locus name, Allele number, assembly-free and assembly-based sequence identity SI
(assembly-free) and SI (assembly-based), their position on the sequence (Start and Stop), and the
Contig information, if the allele was detected by the assembly-based method. Clicking on a locus in
the Alleles panel will update the cursor selection on the map. The loci are plotted as colored arrows
on the map, indicating the locus number and the allele sequence number between brackets. Sequence
identity matches range over white (100% similarity), yellow, orange to red (lowest similarity).

• The Assembly-free calls track is listed if at least one locus is detected by the assembly-free algorithm.
This trace contains the wgMLST allele calls obtained by k-mer analysis directly on the reads. Select-
ing this track will also update the Genome panel and the information in the Alleles panel. Clicking on
a locus in the Alleles panel will update the cursor selection on the map, if the locus was also detected
by the assembly-based approach. If not, no position information is present for that locus (as this can-
not be derived from the assembly-free algorithm) and the locus is only present in the grid but omitted
from the Genome panel.

• The Assembly-based calls track is listed if at least one locus is detected by the assembly-based al-
gorithm. This trace contains the wgMLST allele calls obtained by BLAST on the de novo contigs
against the reference alleles. Selecting this track will also update the Genome panel and the informa-
tion in the Alleles panel. Clicking on a locus in the Alleles panel will update the cursor selection on
the map, if the locus was also detected by the assembly-based approach (i.e. Start, Stop and Contig
information present for the locus). If not, the locus is omitted from the Genome panel.The loci are
plotted as colored arrows on the map, indicating the locus number and the allele sequence number
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between brackets. Sequence identity matches range over white (100% similarity), yellow, orange to
red (lowest similarity).

• The Contigs track shows the span i.e. the length of the contigs in alternating black and white.

• The GC content track contains the GC% over the genome (GC% calculated in a window of 10,000
bp).

• The fwd track and rev tracks contain the forward and reverse read coverage information, as calculated
over the de novo contigs. When zooming in on the tracks, the bases are colored based on the coverage
information: the bases have pale color when all reads contain the same base at that position, and a
dark color when there is at least one read with a different base at that position (see Figure 10.6).

Figure 10.6: Forward and reverse read coverage information.

The order of tracks in the Tracks panel reflects the way this information is displayed in the Genome panel.
The order of the tracks can be changed using the Tracks > Move up ( ) and Tracks > Move down ( )
options.

Default, the information of all tracks is shown on the sequence ( ). Clicking on the icon next to a track
will hide the track from the map.

With Graph > Toggle channel color display ( ), all tracks are assigned a different color (see Figure 10.7).
This makes it easy to detect the different tracks on the graphical representation at a glance.

10.2.3 Alleles and Details panel

10.2.3.1 Allele calls

In the Alleles panel the allelic assignments are listed for the entry selected in the Entries panel (see Figure
10.8 for an example). Details of the selected allelic assignment is shown in the Details panel below.

The different statuses of an allele, used in this section, are given below:
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Figure 10.7: Tracks displayed in color.

Figure 10.8: Allelic assignments.

• Reference: There is typically only one reference allele, though for loci with higher diversity and
different use of frames, more than one reference can be defined. Only reference alleles are used to
search for matches by the Blast Allele Finder.

• Accepted: An accepted allele meets the quality criteria set by the curator. All accepted alleles are
used for detection with the assembly free allele calling. The matching alleles found by the Blast allele
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Finder are compared with all accepted alleles.

• Tentative: A tentative allele does not meet the quality criteria set by the curator. Tentative alleles are
not part of the search data for the allele calling algorithms. They can only be assigned an allele ID
after submission to the allele nomenclature database (either automatically if the user has lower quality
parameters for submission than the criteria for acceptance, or manually).

• Revoked: An allele that has been manually removed by the curator due to issues not picked up by the
automated submission. Revoked alleles are very rare and not included in any of the search data.

For ease of interpretation the results of the assembly-free and assembly-based algorithms are split up in this
section:

ASSEMBLY-FREE CALLS

All loci that passed the assembly-free criteria (see Figure 7.7) are listed in the Alleles panel (see Figure 10.9
for an example). The locus identifier is displayed in the Locus column. The result of the matching of the
allelic sequences against the nomenclature allele database records are listed in the Allele and SI (assembly-
free) columns:

• When a 100% match is found with an allele in the allele database, the allele number is indicated in
the Allele column and the similarity value (100%) is indicated in the SI (assembly-free) column.

• Matches with a similarity below 100% are also listed, but are not further considered. A question mark
is displayed in the Allele column and the similarity value with the best matching reference allele is
indicated in the SI (assembly-free) column.

Details of the selected assembly-free calling are shown in the Details panel below: the Sequence identity
between the allelic sequence and the best matching reference in the allele database and the keyword coverage
are listed.

Figure 10.9: Assembly-free results: perfect and non-perfect matches.

Loci that were only detected based on the assembly-free algorithm will not be plotted on the sequence in the
Genome panel since no contig position information can be derived from the assembly-free alogrithm. If the
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locus is also detected by the assembly-based approach, the locus will be plotted both on the Assembly-free
calls and Assembly-based calls track.

ASSEMBLY-BASED CALLS

Only the detected alleles that passed the Minimum similarity threshold (see Figure 7.6), i.e. the minimum
BLAST similarity between the allele sequence and (one of) the reference sequence(s) in the allele database
are retained and are listed in the Alleles panel. The locus identifier is displayed in the Locus column.

The results of the exact matching of the allelic sequence against the reference and accepted alleles in the
allele database are listed in the Allele and SI (assembly-based) columns.

Figure 10.10: Assembly-based results.

• When a 100% match (SI (assembly-based)) is found with a reference or accepted allele sequence for
a locus, the allele number is indicated in the Allele column.

• Matches that do not have a 100% match with an allele in the allele database but fulfill all specified
automatic submission criteria are automatically submitted and receive the ”tentative” status until ap-
proved by the curator. This is indicated with an ”!” in the first column. An automatic curation process
is followed instantly: when the ”tentative” allele passes the curator settings, the status is automatically
converted to ”accepted”. All accepted alleles are updated each night.

• When a 100% match (SI (assembly-based)) is found with a tentative allele sequence for a locus, an
”!” is indicated in the first column, the (tentative) allele number is indicated in the Allele column.
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• Matches that do not have a 100% match with an allele in the allele database and that do not fulfill the
automatic submission criteria are indicated with the text Closest match: x. The best matching refer-
ence allele is listed (x) together with the similarity with this reference sequence (see SI (assembly-
based) column). When the sequence consists of non-ambiguous bases a ”?” is indicated in the first
column (eligible for manual submission); when IUPAC code is present, nothing is indicated in the
first column.

The automatic submission criteria can be called with WGS tools > Settings...: click the wgMLST tab and
the <Auto submission criteria> button. By default, the Use nomenclature acceptance criteria option will
be checked, meaning that the automatic submission settings are used that are defined by the curator of the
allele database. By default a start and stop codon are required in case of CDS loci, internal stops are not
allowed, and a minimum homology with the reference allele(s) is required for automatic submission (see 3
for more information).

Details of the selected assembly-based calling are shown in the Details panel below and the locus is selected
and located in the upper area of the circular sequence in the Genome panel. The locus is plotted on the map
(based on the Start, Stop and Contig information of the locus) on the Assembly-based calls track. The locus
identifier and allele sequence number (between brackets) are indicated. Matches that do not have a 100%
match (see SI (assembly-based) column) are colored based on the similarity value: yellow over red (lowest
similarity). When the locus was also detected by the assembly-free algorithm, the locus is also plotted on
the Assembly-free calls track.

A highlighted allele identification result in the grid can be viewed in detail by double-clicking or selecting
Alleles > Open alignment... ( ). This opens the Sequence alignment window with the query allele
sequence (if a BLAST hit was found by the assembly-based algorithm) and all reference and accepted
allele sequences for that specific locus (see Figure 10.11). This way, allele identification results can be
verified within the locus setting. The Sequence alignment window is opened as a temporary analysis and
modifications cannot be saved to the BioNumerics database.

Figure 10.11: Detailed alignment view for allele identification.

SUMMARY CALLS

When both algorithms (assembly-free and assembly-based) were run, all available data from the two allele
identification algorithms are ”summarized” into a single set of allele assignments and stored in the wgMLST
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character experiment. The way the data is ”summarized” depends on the calls that were obtained for each
locus and on the settings defined in the wgMLST tab in the Calculation engine settings dialog box (see 3).
Default, among the allele calls that the assembly-based and the assembly-free method have in common for
a given locus, the one with the lowest allele ID is retained.

An overview of how the summary calls are obtained by combination of the assembly-free and assembly-
based allele calls, is given in Table 10.1.

Assembly-based /
Assembly-free

X unknown 1 2 1,2 2,3

X X unknown 1 2 1,2 2,3
1 1 1 1 Discrepant 1 Discrepant
2 2 2 Discrepant 2 2 2
1,2 1,2 1,2 1 2 1,2 2
3,4 3,4 3,4 Discrepant Discrepant Discrepant 3
Closest match:2 unknown unknown 1 2 1,2 2,3
New: 7 7 7 Discrepant Discrepant Discrepant Discrepant

Table 10.1: Combination of the assembly-free and assembly-based resulting allele calls to
summary calls.

Horizontal: Assembly-free calls

Vertical: Assembly-based calls

X = absent locus call

Unknown = unknown alllele

Discrepant = discrepant allele

1 = locus called as allele sequence 1.

1,2 = locus called with multiple allele sequences, i.e. allele sequence 1 and 2. Both allele numbers will be
listed in the Alleles panel, but only the lowest allele number will be retained in the wgMLST experiment.

Closest match: No 100% match with an allele in the allele database is found and the automatic submission
criteria are not fulfilled.

New: No 100% match with an allele in the allele database is found but all automatic submission criteria
are fulfilled, or the sequence has a 100% match with a tentative allele.

10.2.3.2 Sorting and filtering options

In the Alleles panel one can filter allele results to subscheme-specific loci or to alleles that need to be
submitted to the reference allele database, alleles that show imperfect or new matches, alleles with multiple
matches or alleles for which no summary call was obtained.

The content of the Allele column can be sorted by selecting Alleles > Sort alleles ( ).

The different views on the Alleles panel allow to zoom in to specific subsets of loci:

• Alleles > Show imperfect and new matches only ( ) filters out the imperfect and new matches.
These include all alleles which do not have a 100% match with one of the alleles from the database
and the alleles with a 100% match with a tentative allele. Those without a 100% match, can either be
already submitted (new matches) or not (imperfect matches).

• Alleles > Show multiple matches only ( ) filters out the loci for which more than one call was
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detected for the same locus. One can easily link the multiple calls together by Alleles > Sort alleles
( ).

• Alleles > Show non-summary calls ( ) filters out the loci that have discrepant allele calls as defined
from all available data obtained by the two allele identification algorithms. As a result, no allele
number is present in the wgMLST summary for that locus. Typically, this includes loci detected only
from the assembly-free algorithm for which one or more alleles were found but no corresponding
allele sequence was present in the allele database. In addition, in case the assembly-free algorithm
found a so far unknown allele and the assembly-based algorithm found a closest match for an allele
sequence that could not be submitted e.g. due to degenerate IUPAC code in the de novo assembled
allele sequence, these loci are also included in the non-summary calls.

• Alleles > Show only calls for submission ( ) filters out the loci for which allele sequences, obtained
by the assembly-based algorithm, can be submitted to the allele database as tentative alleles. In case
the automatic submission of alleles upon import in the database was enabled (see 11), only the alleles
that did not surpass the submission criteria based on minimum homology and maximum number of
gaps are displayed.

On top of the views described here, an additional filtering can be applied based on the defined subschemes
in the wgMLST character experiment type. All available subschemes can be used as filter by toggling the
subschemes from the drop-down list in the toolbar from the Alleles panel. In most reference databases
following views have been defined at the curator level and are synchronized upon installation: the default
view All loci, the Core loci, the MLST view for the traditional seven housekeeping loci, and the wgMLST
loci view containing all loci except the ones present in the MLST view. User-defined views - if defined -
can also be selected from the list.

Figure 10.12: Filter based on subschemes.

10.3 The quality character type experiment

The parameters displayed in the Quality control dialog box (see Figure 10.2) are stored in the character
experiment type quality.

Double-clicking on the quality experiment in the Experiment types panel opens the Character type window,
displaying all parameters. The quality parameters are grouped based on the data sets and algorithms and the
view can be restricted to each of these groups: Raw data statistics, Raw data statistics (after trimming), De
novo assembly, Assembly-free calls, Assembly-based calls, and Summary calls.

The quality parameters for a selection of entries can be consulted in the Comparison window. When clicking
the icon next to the experiment name quality in the Experiments panel, the quality data is displayed in
the Experiment data panel. Default, the Character names are displayed in the header of the Experiment
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Figure 10.13: Quality character type experiment.

data panel. These names correspond to the first column in the Character type window (see Figure 10.13).
To display the Character descriptions, update the display name:

Figure 10.14: Character descriptions.

A detailed explanation of each parameter can be found in 10.4.

10.4 The quality parameters

An overview of the quality criteria is given below. Parameters are grouped by the type of calculation they
are associated with. The character name used in the quality character type experiment is shown between
brackets next to the name used by the Quality control dialog box (see Figure 10.1).

Raw data statistics

• Average read quality (AvgQuality): The average quality of the sequence read set using the quality
scores from the raw data.

• Expected coverage (AvgReadCoverage): The expected coverage for each base. Sum of the lengths of
all reads divided by the expected sequence length.
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• Q30 (SrsQ30): Total number of bases present in the (paired end) data files that have a quality score
of 30 or higher.

• Q30 1st end (SrsQ30 1): Number of bases present in the first end reads that have a quality score of
30 or higher.

• Q30 2nd end (SrsQ30 2): Number of bases present in the second end reads that have a quality score
of 30 or higher.

• Q30 frequency (SrsQ30Freq): Number of bases that have a quality score of 30 or higher, expressed
as a percentage of the total number of bases present in the (paired end) data files.

• Q30 frequency 1st end (SrsQ30Freq 1): Number of bases present in the first end reads that have a
quality score of 30 or higher, expressed as a percentage of the total number of bases present in the
first end reads.

• Q30 frequency 2nd end (SrsQ30Freq 2): Number of bases present in the second end reads that have
a quality score of 30 or higher, expressed as a percentage of the total number of bases present in the
second end reads.

Raw data statistics (after trimming)

Same parameters as the ”Raw data statistics” parameters but with the suffix ”Trimmed”. These parameters
apply to the trimmed sequence read sets. The ”Raw data statistics” are based on the raw sequence read set.

De novo assembly

• N50 (N50): Length of the median contig (in terms of sequence length).

• Contigs (NrContigs): The number of contigs in the assembled sequence.

• Bases ACGT (NrBasesACGT): Number of bases A, C, G, and T.

• Bases non ACGTN (NrNonACGT): Number of ambiguous bases (not taking N bases into account).

• Bases N (NrBasesN): Number of bases N.

• Sequence length (Length): Length of the assembled sequence. This should be close to the expected
sequence length as defined by the curator.

• Average coverage (AvgDeNovoCover): Average base coverage of all bases included in the assembled
sequence.

Assembly-free calls

• Average coverage (KeywordCov): The average keyword coverage. The keyword coverage is the
number of keywords found by the assembly-free calling algorithm for the allele. Only the keyword
coverages of the preferred alleles are included in the calculations if multiple alleles have been found
for a locus.

• Multiple alleles (NrAFMultiple): Number of loci with multiple allele hits. In such cases a preferred
allele hit is chosen (the one with the lowest allele number).
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• Perfect matches (NrAFPerfect): Number of loci with at least one known allele hit that is 100%
identical to an approved allele in the curator database.

• Present alleles (NrAFPresent): Number of loci with at least one allele hit (unknown and known).

Assembly-based calls

• Multiple alleles (NrBAFMultiple): Number of loci with multiple allele hits. Similar to the assembly-
free calling algorithm, the preferred allele hit is again the one with the lowest allele number.

• Perfect matches (NrBAFPerfect): Number of loci with at least one known allele hit that is 100%
identical to an approved allele in the curator database.

• Alleles to submit (NrToBeSubmitted): Number of loci with an allele hit eligible for submission to the
curator database. Only allele hits with a sequence identity of at least a user-specified threshold (and
less than 100%) and whose sequence contains only non-ambiguous bases can be submitted.

• Submitted alleles (NrAlreadySubmitted): Number of loci which have already been submitted to the
curator database.

• Present alleles (NrBAFPresent): Number of loci with at least one allele hit (= perfect (100%) matches
and non-perfect matches). Must be close to the expected number of loci for the organism as defined
by the curator.

• Average locus coverage (AvgLocusCover): Average base coverage for the allele sequences of the
preferred alleles. Only alleles for which coverage data is available (either forward, reverse or both
directions) are included in the calculations.

Summary calls

The summary loci are obtained by combining the assembly-free and assembly-based calls. If both methods
returned allele calls, the summary is defined as the alleles that are similar between both analyses. If for
a specific locus, the allele call is only available from one algorithm, that allele call is also included in the
summary.

• Unknown alleles (NrConsensusUnknown): Number of loci for which the assembly-free allele calling
algorithm concluded that the locus is present and for which the assembly-free calls nor the assembly-
based calls algorithms, if the latter was run, were unable to find an allele.

• Multiple alleles (NrConsensusMultiple): Number of loci with multiple allele hits. As is the case
for both allele identification algorithms, the preferred allele hit here is the one with the lowest allele
number.

• Discrepant alleles (NrDifferent): Number of loci for which there is no overlap in sets of known alleles
found by the two allele identification algorithms. This parameter can therefore only be a nonzero value
if both algorithms were run.

• Confirmed alleles (NrConsensusConfirmed): Number of loci that are called with both methods and
for which both methods give the same allele id(s).

• Present alleles (NrConsensus): Number of loci with at least one allele hit. Must be close to the
expected number of loci for the organism as set by the curator.
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• % core present (CorePercent): Percentage of loci found (known and unknown) belonging to the
subset of core loci. This parameter is only calculated if the curator has defined such a core subset and
is not available for all organism schemes.



Chapter 11

Submitting new alleles to the allele
database

There are two ways of submitting new allele sequences as tentative alleles to the reference allele database.

1. If automatic submission is defined in the wgMLST settings (see 3 for automatic submission of new al-
leles in the Calculation engine settings dialog box), the new alleles will automatically be submitted to
the reference allele database upon import of the assembly-based wgMLST results to the BioNumerics
database.

2. From the wgMLST quality assessment window, new alleles can also be submitted manually. Typically,
one can select the view on the imperfect and new matches by selecting Alleles > Show only calls for
submission ( ) to get an overview of possible new alleles. The user can now go through the list to
verify some of the new alleles. Once these matches are verified, the selected allele sequences can be
submitted by selecting Alleles > Submit new alleles ( ). This command submits new alleles from
the current selection eligible for submission to the curator database, and updates the summary calls.

At curator side, the new alleles enter the allele database as tentative alleles. The status of these alleles
remains tentative until approval of the alleles by the curator of the organism-specific allele database. As
long as the status of an allele remains tentative, no matches against this allele are reported by the assembly-
based algorithm. Only when new alleles are submitted, the allele sequence can be matched with the allele
ID of an allele marked as ’tentative’ in the allele database.
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Chapter 12

Assigning sequence types

Based on a specific wgMLST subscheme, sequence types can be assigned for the entry selection. Select
WGS tools > Assign wgMLST sequence types.... This will open the Assign sequence types dialog box (see
Figure 12.1).

Figure 12.1: The Assign sequence types dialog box.

This dialog box lists all wgMLST subschemes that have sequence types available. For any subscheme that
has its check-box checked, sequence types will be assigned when the <OK> button is pressed.

It is the curator of the wgMLST allele database who determines on which subschemes sequence
types can be determined. Sequence type assignment is never possible on wgMLST subschemes
that are only available in the client database and not present in the allele database.

Assigning sequence types for a subscheme containing thousands of loci (e.g. the wgMLST or
even the core subscheme) generally does not make much sense: sequence types can only be
determined if all loci are assigned an allele ID and the larger the subscheme, the lower the
chance on having a complete allelic profile.

For each selected entry, one or more lists of allelic profiles (one list per typing scheme) are sent to the allele
database and sequence type information is returned. For each typing scheme, the sequence type is saved to
the corresponding information field for each selected entry. The information field was automatically created
during the initial WGS tools plugin installation or during a synchronization (see 5).

A message box reports how many sequence types were found for the selected entries. In case an allelic
profiles is incomplete, i.e. there was no allele called for one or more loci, a sequence type cannot be assigned.
All incomplete allelic profiles are listed in an error report.

Possible values that are filled out in the database during sequence type assignment are:

• publicSTxxx (with xxx a number): A public sequence type, i.e. conform the nomenclature from the
external wgMLST service (either BIGSdb or Enterobase, depending on the organism).
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• N/A: The allelic profile is complete, but no sequence type is available for this profile on the external
wgMLST service. Sequence types might be available when the action is repeated later on.

• STxxx: The sequence type is assigned on the Calculation Engine and therefore different from the
public nomenclature. In the latest BioNumerics version, this only occurs for subschemes that have no
public sequence types (i.e. not available on BIGSdb or Enterobase).

• Field remains empty: this means that the allelic profile is incomplete, which was indicated in the error
message that appears after assignment.



Chapter 13

Analyzing wgMLST profiles

13.1 Cluster analysis of wgMLST data

A cluster analysis on the wgMLST character experiment (or a subscheme thereof; see also 13.2) is created
in the Comparison window or the Advanced cluster analysis window.

First, create a comparison for the selected set of entries. By default, the aspect ’All Characters’ is used. One
can modify the character aspect to be used in the cluster analysis by selecting the required subscheme from
the aspect drop-down list (see Figure 13.1).

Figure 13.1: wgMLST cluster analysis of the aspect ’MLST’ in the Comparison window.

Traditional clustering can be executed by selecting Clustering > Calculate > Cluster analysis (similarity
matrix).... One can use e.g. the Categorical (values) similarity coefficient and UPGMA clustering.

Alternatively, in the Advanced cluster analysis window e.g. minimum spanning trees can be calculated from
all wgMLST loci (see Figure 13.2) by selecting Clustering > Calculate > Advanced cluster analysis...,
and using the template MST for categorical data .
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Figure 13.2: wgMLST cluster analysis in the Advanced cluster analysis window.

13.2 wgMLST subschemes as character views

A valuable addition in the analysis of wgMLST is the use of subschemes, i.e. subsets of wgMLST loci
that are of interest for answering a specific research question. Character views can be created within the
wgMLST character experiment to defined these subschemes.

Within the wgMLST character type experiment, one or more character views can be defined by the user.
Character views defined by the curator in the wgMLST allele database are synchronized upon installation.
These include e.g. the core loci, or the MLST view for the traditional seven housekeeping loci (see Figure
13.3).

The user can create as many additional character views (i.e. local character views) as needed. This can be
done in two ways. The first method is based on a character selection. The second method is based on a
dynamic query using the character information fields.

To create a character view, open the Character type window by double-clicking the character experiment
type. In the Character type window, one can switch between different character views from the drop-down
list in the Characters panel, as indicated in Figure 13.3. After selecting a character view, the Character type
window is updated, and the number of characters in view is displayed in the status bar at the bottom of the
Character type window.

The list of available views can be queried from the Manage character views dialog box (see Figure 13.4)
after selecting Characters > Character Views > Manage user defined views... ( ).

From the Manage character views dialog box, wgMLST views can be edited, renamed, deleted . . .

A view can be based on the current selection or can be based on a dynamic query using the character
information fields.

To add a subset-based view, first select the characters that will be part of the subset, next create the subset
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Figure 13.3: Character views in the wgMLST character experiment type, here for Listeria
monocytogenes.

Figure 13.4: The Manage character views dialog box.

from the Manage character views dialog box by selecting <Add. . .>. This will open the New character
view dialog box (see Figure 13.5).

In the New character view dialog box, a name can be defined for the new view and the view type needs to
be specified. For the subset-based view this is sufficient information.

When defining a query-based view, the Query view editor dialog box opens, where the query can be defined
as statements on the character field values. Once the query is validated, it is added to the list in the Manage
character views dialog box.

Existing query-based views can be edited by selecting <Edit. . .>. This will open the the Query view editor
dialog box again for evaluation of the character query. Subset-based views and views imported from the
curator database cannot be edited. User-defined views can be renamed by selecting <Rename. . .>. Existing
views can be deleted by selecting <Delete. . .>. After confirmation, the view is permanently deleted from
the database. The object properties on a selected view can be accessed in the Object access dialog box by
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Figure 13.5: The New character view dialog box.

selecting <Properties. . .>.



Chapter 14

Import of sample-specific allele
sequences to the database

Once the wgMLST allele results have been imported in the database, it is possible to obtain the actual
allele sequences for a specific wgMLST locus or combination of loci, i.e. for all loci present in a defined
subschemes. First, the entries need to be selected for which allele sequences should be retrieved and stored
in the database. By selecting WGS tools > Store wgMLST locus sequences..., the Store sequences dialog
box opens (see Figure 14.1).

Figure 14.1: The Store sequences dialog box.

From the Store sequences dialog box, one can define for which subschemes all loci should be imported in
the database. For each locus, a separate sequence experiment will be created. The name of the sequence
experiments can be defined from one of the custom field in the wgMLST character experiment. The se-
quence experiments name can be picked from the drop-down list, and by default contains the Locus name,
the Locus tag, the Gene name and the Character name from the wgMLST character experiment.

For each of the selected entries in the database, the respective allele sequence will be retrieved from the
curator database and stored in the sequence experiment type. This allows to further analyze the wgMLST
allele sequences in the Sequence alignment window or the Comparison window.
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Chapter 15

Core and pan genome analysis

The pan-genome of a bacterial species consists of a core and an accessory gene pool. As the wgMLST locus
set is defined as pan-genomics scheme over all available organism genome sequences, the analysis can be
limited to the pan-genomic and/or core genomic loci for the selected sample set in the comparison.

For a selected set of samples, the core set of loci can be defined as follows. First, create a Comparison
window for the selected database entries. Next, highlight the wgMLST character experiment and select
Statistics > Core locus analysis... in the Comparison window. This open the Core locus analysis dialog
box (see Figure 15.1).

Figure 15.1: The Core locus analysis dialog box.

The determination of the number of core loci is based on sub-sampling the entries in the comparison. As
such, the Number of repeats can be defined, i.e. the number of subsamples taken from the comparison set.

The Presence threshold indicates the minimum presence (expressed in %) for a locus to be called within
the core. Entering “90”, will imply that only loci present in 90% of the entry selection will be identified as
core loci. For a very strict analysis, one can put the presence threshold at “100”, limiting the core to only
those loci which are present in all the entries under evaluation i.e. present in the comparison.

After analysis, the results open in the Charts and statistics window. After creating e.g. a profile chart (via
Plot > Add new plot from selected properties... ( )) on the average, the minimum and the maximum
number of loci, the number of core loci can be derived (see Figure 15.2).

In addition, all the core loci are selected in the wgMLST character experiment and if required, a subscheme
can easily be created on this character selection.

For the same entries, the pan locus set can be defined by selecting Statistics > Pan locus analysis.... Similar
as for the Core locus analysis dialog box, the Number of repeats and Presence threshold can be defined in
the Pan locus analysis dialog box (see Figure 15.3).

Similar to the determination of the number of core loci, the number of pan loci is also based on sub-sampling
the entries in the comparison. As such, the Number of repeats can be defined, i.e. the number of subsamples
taken from the comparison set.

The Presence threshold indicates the minimum presence (expressed in %) for a locus to be called within
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Figure 15.2: The wgMLST core locus analysis for 513 Listeria entries resulted in 2992 core
loci (Number of repeats: 25; Presence threshold: 90%).

Figure 15.3: The Pan locus analysis dialog box.

the pan loci. Entering “5”, will imply that only loci present in at least 5% of the selected entries will be
identified as pan loci. For a very non-restrictive analysis, one can put the presence threshold at “0”, defining
the pan loci as all the loci which are present in at least one of the entries under evaluation.

Figure 15.4: The wgMLST pan locus analysis for 513 Listeria entries resulted in 5161 pan
loci (Number of repeats: 25; Presence threshold: 0%).
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After calculation of the pan loci, the results open in the Charts and statistics window, where the profile
charts can be created on the average, the minimum and maximum number of loci (see Figure 15.4). After
this analysis, all the pan loci are selected in the wgMLST character experiment and a subscheme can be
created on the character selection.
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Chapter 16

wgMLST nomenclature synchronization

16.1 Introduction

With wgMLST nomenclature we refer to locus definitions, allele number assignments and optionally also
sequence type assignments within a wgMLST schema and its subschemas. Unless they start from exactly the
same wgMLST schema, two wgMLST services will likely use different locus definitions. However, while
not all loci are the same in two schemas, often subsets of loci (subschemas) are shared among schemas,
albeit with different locus identifiers. To enable comparison, the locus IDs from one service need to be
”translated” into the locus IDs of the other service. In nearly all cases, each wgMLST service uses its own
allele numbering. This means that the exact same sequence will be assigned an allele number on one service
and a different number on the other. The only exception to this rule is when both services are connected
to the same allele database, which is the case e.g. when a Calculation Engine project is set up in a master /
slave connection to another project on another instance of the Calculation Engine.

To be able to compare results obtained with different wgMLST services, BioNumerics contains a tool to
synchronize between the nomenclature used by the wgMLST schema to which your Calculation Engine
project connects and that used by an external wgMLST service. This tool is referred to as allele mapping
in the software.

For a given organism, one or more allele mapping experiments might be present. The latter are defined by
the allele database curators for all clients that connect to the allele database. Mapping experiments consist
of a list of loci for which the allele numbers are ”translated” from one taxonomy to another. Clients only
need to enable the mapping experiment(s) and run the mapping on a selection of entries. The allelic profiles
from the external wgMLST service will be stored in the mapping experiment type.

With missing allele numbers in a profile, it can make sense to re-run the mapping at a later time if the allele
ID is known then by the external wgMLST service.

16.2 Activating an allele mapping experiment

Depending on the organism, one or more allele mapping experiments might be available. Proceed as follows
to see which allele mapping experiments are available (and hence against which public nomenclature can be
synchronized):

2.1 Select WGS tools > Settings....

2.2 In the Calculation engine settings dialog box that appears, click on the wgMLST tab.

Available allele mappings are listed in the Allele mapping experiments list (see Figure 16.1).
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Figure 16.1: The wgMLST tab of the Calculation engine settings dialog box, showing two
allele mapping experiments, respectively the cgMLST and MLST schema for Campylobacter
jejuni on BIGSdb.

If you are aware of a public schema (e.g. MLST, cgMLST, eMLST) being available for your
organism on BIGSdb or Enterobase, which is not listed as a mapping experiment, please contact
the allele database curators with the request to add a mapping experiment for this schema.

To activate a mapping experiment, check its check box and press <OK> to close the Calculation engine
settings dialog box. A character experiment type with the same name will be automatically created. Each
character in this character experiment type corresponds to a locus ID from the external wgMLST service.
A character information field called ’Original Locus ID’ contains the internal locus identifier as used in the
wgMLST experiment type (see Figure 16.2).

16.3 Getting allelic profiles and sequence types

As soon as one or more mapping experiments are activated, allelic profiles can be obtained for a selection
of entries via WGS tools > Get alleles mapping. This action ”translates” the allele numbers stored in the
wgMLST experiment type into the corresponding allele numbers used by the external wgMLST service.
This action is done for all active allele mapping experiments and will overwrite any existing data in the
character experiments of the selected entries.

The allelic profiles can be compared in the Comparison window, just as any other character set.

Sequence types can be assigned as outlined in 12. For mapping experiments, the sequence types are assigned
by the external wgMLST service and hence correspond to the ”public” nomenclature.
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Figure 16.2: The Character type window, showing a mapping experiment for the Campy-
lobacter jejuni MLST schema on BIGSdb.

Specifically for subschemas corresponding to public MLST (i.e. 7 housekeeping genes) schemes,
the allele numbers in the wgMLST experiment type will be largely (but not completely!) the
same as those obtained from e.g. PubMLST. This is because public MLST allele numbers were
taken over in the wgMLST allele database at time of creation. From that moment on, both
databases evolved independently and new alleles might were assigned a different number on
PubMLST as in the wgMLST allele database on the Calculation Engine. However, the allele
numbers in the mapping experiments are those assigned by the external wgMLST service (e.g.
PubMLST BIGSdb) and hence correspond to the ”public” nomenclature. The same observation
can be made for sequence types (see also 12).
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Chapter 17

wgMLST curator functionality

With the wgMLST curator plugin you can:

1. Get an overview of all defined loci, the number of alleles within the loci, the number of tentative
alleles and the information about their submission (when, by whom, how many times encountered...),
the average, minimum and maximum sequence length of all the alleles within that locus and the
average, minimum and maximum assembly-based sequence identity of all the alleles within that locus
(see Figure 17.1).

2. Get an overview of all submitted allele sequence and approve the tentative alleles as valid allele
sequences.

3. Perform time series analysis and calculate statistics on the loci and allele information present in the
allele database.

4. Upload subschemes defined at client side, to be represented as one of the valid typing subschemes
in the reference allele database, as such, these subschemes become available for all clients after syn-
chronization and sequence typing can be initiated based on these subschemes.

5. Add new loci to the existing wgMLST organism scheme.

Figure 17.1: wgMLST curator functionality window.

The wgMLST curator plugin is only available to the curators of the organism-specific allele databases. More
information on this functionality is available upon request.
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Chapter 18

FAQ

18.1 Amazon cloud bucket

1. I don’t have a personal Amazon account. How can I upload data to a private data bucket hosted at
the Applied Maths Amazon account?
Upon release, a production bucket can be created. However, this is not included in your license but
is offered as a service. Data from e.g. your beta test bucket can then be transfered to the production
bucket. After that, S3 storage will also be offered as a service. Please contact info@applied-maths.
com to obtain more information on this private data bucket. Upon creation of the data bucket, personal
credentials will include the bucket name, a user name, an access key id and a secret access key that
will be provided.

18.2 Installation

1. I get the error message ”Error: Login and/or password are wrong for project lmo” upon installation.
What is wrong?
One receives this error message if the project name or password are not correctly filled in. Moreover,
each project is linked to a specific account i.e. license string. So make sure you are using the correct
license string. In general, license string, project name and password should be synchronized before
access is granted to the allele databases you are connecting to.

18.3 wgMLST analysis

1. I want to run the wgMLST analysis on a second organism. Can this be done in the same database?
In the current version of the software, one database synchronizes to only one organism-specific allele
database. This implies that for the wgMLST analysis, a separate sample database should be created
for each organism.

2. I want to use a second Amazon bucket to import sample data on the same organism database. How
can I change the bucket name that is automatically connected to?
At the moment, this is not possible. The Amazon bucket credentials are defined upon import of the
sequence read set links from Amazon and do not allow the import from multiple buckets, although
multiple directories within one bucket can be addressed from the same database. This feature will
be changed in later releases to make it possible to link to multiple Amazon buckets from within one
database.

info@applied-maths.com
info@applied-maths.com
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3. Can we use other data formats than (gzipped) fastq files?
For this version, the Velvet de novo assembler is built-in. Which limits the de novo assemblies to
(gzipped) fastq or fasta formatted read files. However, you can import e.g. PacBio read sets to the
”wgs” experiment type and import the already assembled de novo contigs in the denovo sequence
experiment type. This will allow both allele detection methods to be run, i.e. the assembly-free method
on the read set and the assembly-based method on the imported de novo contigs.

4. How can we automatically import all finished analyses from the Calculation engine overview window
in the BioNumerics database?
From the Settings dialog box, one can turn on the automatic update for the Calculation engine
overview window and define the update interval (expressed in minutes). If the automatic update is
enabled, there is the possibility to automatically import the results in the BioNumerics database upon
completion of the jobs. Imported jobs are then removed from the job overview.

5. How can I cluster sequence read sets imported as links?
In the current version, clustering of sequence read sets imported as data links is not possible. Only
cluster analysis of file-based imported sequence read sets are currently managed in the Comparison
window.

6. Do I lose credits after cancellation of a queued job?
The credit account is settled upon submission, meaning that credits are discounted upon job submis-
sion. Cancellation of the queued job later in the process has no effect on the credit account.

7. Which organism-specific allele reference databases are available?
An overview of the available organism-specific databases can be found at http://www.applied-maths.
com/applications/wgmlst.
We are continuously working on the creation and validation of new allele databases, so if you have
an interest in a specific organism, or want to assist in development of an organism-specific wgMLST
scheme, we are always open for these kind of collaborations.

8. How much is the analysis cost at Amazon (for 1-10-100 samples)?
A complete sample analysis, including running the three algorithms, will cost below 8 EUR. There
is a multi-sample discount for larger sample volumes. Please contact info@applied-maths.com
to obtain a customized quotation for the purchase of Amazon credits or visit our web shop https:

//www.applied-maths.com/order/buy-credits.

http://www.applied-maths.com/applications/wgmlst
http://www.applied-maths.com/applications/wgmlst
info@applied-maths.com
https://www.applied-maths.com/order/buy-credits
https://www.applied-maths.com/order/buy-credits
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