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Chapter 1

Starting and setting up BioNumerics

1.1 Introduction

This guide is designed as a tutorial for the Multi Locus Sequence Typing plugin of BioNumerics. With the
MLST online plugin you can:

1. Download the allele numbering, sequence types and clonal complex information for a selected organ-
ism from a large number of public online repositories (e.g. PubMLST.org, MLST.net, ...) and query
this information.

2. Query the databases available on the PubMLST.org (http://pubmlst.org) directly without using
the standard web interface.

3. Store custom allele numbering, sequence type and clonal complex information in the BioNumerics
database, and query this information.

The minimal configuration for the installation of the MLST online plugin includes the Sequence data module
(import and storage of sequences) and the Character data module (storage of allelic profiles).

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).

A new BioNumerics database is created from the Startup program by pressing the J 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 J button in the BioNumerics BioNumerics Startup window to enter the New database
wizard.


http://pubmlst.org
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DemoBase Connected 2018-01-12 11:01 [HOMEDIRJ\DemoBase Connected
£ >
Copyright @ Applied Maths 1598-2018 wiww .applied-maths.com Download example databases

|

Figure 1.1: The BioNumerics Startup window.

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>.

MNew database

New database
Create a new BioNumerics database

BioMumerics uses a relational database as data storage.

Create new

© Create a database on this computer.

Use existing

© Usean existing database created on this computer or another
computer in your network.

Figure 1.2: The New database wizard page.

A new dialog box pops up, prompting for the database engine (see Figure 1.3).

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

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



1.3. Creating a new database

Select which engine to use for storing data.

Use default (SQLite)
RECOMMENDED: 5CLite is an optimal solution for file-based databases.

MS SQL server express® based

A scalable, fast solution with storage up to 10Gb.

Use MS Access® based
Limited storage and not compatible with 64-bit applications.

Figure 1.3: The Database engine wizard page.

The Plugins dialog box appears.
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Chapter 2

Installing the MLST online plugin

2.1 MLST setup

Before an organism can be typed with MLST, an MLST scheme needs to be defined for that organism. An
MLST scheme consists of a list of loci (typically seven), which are sequenced and assigned an allele number.
Furthermore, in order to achieve an unambiguous nomenclature, a list of allele variants per locus needs to
be provided and a list of allelic profiles corresponding to sequence types.

The MLST online plugin can be set up in different ways, depending on the available information for the
organism of interest. An MLST scheme is defined by its profile and allele files: a tab-delimited text file with
the sequence types and their corresponding allelic profiles and, for each of the loci, a FASTA-formatted text
file with the allele variant definitions. These files can be made available on the local computer, the network
or on the internet. A path or URL should be specified for each of the files. Even if no MLST scheme is
publicly available, the plugin can be used to type organisms using MLST.

When a MLST data repository is available online for the organism of your interest, the MLST setup comes
down to simply picking the organism from the provided list. The profile and allele variant definitions will be
downloaded and stored locally in the BioNumerics database. This information can be automatically updated
from the online definition files.

It can occur that your organism is not listed (meaning that it is not available from a known online data
repository), but nevertheless an MLST scheme has been published for this organism and profile and allele
files are available. In this case, the organism name, locus names and the locations of the profile and allele
files (a path on the local computer, network drive or URL) should be entered manually. The profile and
allele definitions will then be downloaded and can be automatically updated from the definition files.

In case no MLST scheme has been published yet for the organism of your interest, the only option is to store
all data locally and to update the profile and allele definitions manually.

Once the MLST online plugin is installed, it will not be possible anymore to modify the MLST scheme
(organism name, locus names) for that database. It is possible, however, to change the way the MLST data
is updated. For example, the following scenario can be accommodated for:

1. Startup of a new MLST scheme: all data is stored locally; manual access only

2. Share the MLST scheme between different databases via local files (tools are available to export the
profile and allele definitions to text files)

3. Make the MLST scheme public by putting the definition files on the web

The following paragraphs will guide you through the MLST online plugin installation process.
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2.2 The Plugin installation toolbox

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... (@).

Applications | Utilities | Custom | Database Functionality

Activate functionality for specific applications.

This plugin tool provides extra functionality for
the import of antibiotic susceptibility data
based on MIC or disk diffusion method. The
DiversiLab tools will also convert the range into 5-1-R
HDA categories.
HIV Resistance
MIRU-VNTR
MLPA
" MLST online
QlAxcel
RDP
RiboPrinter
SMP calling
SrnartFinder
Spa typing
Polymorphic VINTR typing

BandScoring

[]Show only activated

Show Manual

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.

If the selected plugin is documented, pressing <Show Manual> will open its manual in the Help window.
2.1 Select the MLST online plugin from the list in the Applications tab and press the <Activate>> button.

BioNumerics asks the user to confirm the installation of the MLST online plugin (see Figure 2.2). Installation
of the plugin requires administrator privileges on the relational database.

2.2 Press <Yes> to start with the installation.
In the first step of the wizard, the user is asked to select the organism source (see Figure 2.3).
o Select organism from on-line list: Allele numbering, sequence type and clonal complex information

from online repositories is used for typing. All available organisms are listed in the next step of the
wizard (see 2.3).

e Define your own MLST scheme: Custom information is stored in the BioNumerics database (see
2.4).
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MLST plugin

Are you sure you want to install the MLST plugin?

4% Database administrator privileges are required.

¥ The plugin will add new components to the database schema.
The plugin will add new experiment types to the database.
The plugin will add new information fields to the database.

Yes ] No

Figure 2.2: Confirmation message that appears when installing the MLST online plugin.

MLST plugin installation ? X

Choose MLST scheme
Select a scheme for an organism from the on-line list or define your
own MLST scheme.

(®) Select organism from on-line list

() Define your own MLST scheme

< Back - Next> Cancel

Figure 2.3: The Choose MLST scheme dialog box.

2.3 Online MLST repositories

In the Choose MLST scheme dialog box choose the option Select organism from on-line list and press
<Next> to call the Select an organism dialog box (see Figure 2.4).

Any organism for which an MLST repository is available online, is listed in the Select an organism dialog
box. For the selected organism, abbreviations of the housekeeping genes are listed in the right panel, together
with the URL where the database is located and the number of available profiles.

Pressing <Next> calls the Define profile and allele files dialog box (see Figure 2.5).

In the Define profile and allele files dialog box, the location of the profile and allele definition files are
shown. For public MLST schemes, the default locations point to the correct file URLs.

It is possible to specify a different location for the profile and allele definition files, which can be located on
your own computer, local area network or on the internet. This is however unnecessary in a standard setup.

Checking the option Update profiles and alleles at database startup ensures that the profile and allele
definitions are always up-to-date, by updating the latter each time when the BioNumerics database is opened.

All remotely stored MLST information (allele numbering, sequence types and clonal complexes) for the
selected organism will be downloaded and stored in the BioNumerics database during plugin installation.

Pressing <Next>> calls the Allele trimming patterns dialog box (see Figure 2.6).

In the Allele trimming patterns dialog box the start and stop trimming patterns can be entered manually for
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MLST plugin installation ? X

Select an organism
Select an organism from the on-line list.

Achromobacter spp. ~ Organism:
Acinetobacter baumannii Achromobacter spp.

Acinetobacter baumannii

Aeromonas spp. Loci:

Anaplasma phagocytophilum nusA; rpoB; eno; git; lepA; nuol;
Arcobacter spp. nrdA

Aspergillus fumigatus Database:

Bacillus cereus

Bacillus licheniformis

Bacillus subtilis

Bartonella bacilliformis

Bartonella henselae

Bordetella spp. v
£ >

https://pubmist.erg/achromobact
er
contains 392 profiles

< Back Mext = Cancel

Figure 2.4: The Select an organism dialog box.

MLST plugin installation ? X

Define profile and allele files
Provide profile and allele definition files.

Profiles: : . profiles/abaumannii.bd| Browse...
Locus Allele file (FASTA)

Ouf_glth | https://pubmist.org/data/alleles/abaumannii/Oxf_gltA.ta
Oxf_gyrB https://pubrmlst.org/data/alleles/abaumannii/ Oxf_gyrB.tfa
Oxf_gdhB https://pubmlst.org/data/alleles/abaumannii/ Oxf_gdhB.tfa
Oxf_recA https://pubrmlst.org/data/alleles/abaumannii/ Oxf_recA.tfa
Oxf_cpnbl https://pubmlst.org/data/alleles/abaumannii/Oxf_cpnbl.tfa
Oxf_gpi https://pubmlst.org/data/alleles/abaumannii/Oxf_gpi.tfa
Oxf_rpoD https://pubmlst.org/data/alleles/abaumannii/ Oxf_rpoD.tfa

Update profiles and alleles at database startup

< Back Mext = Cancel

Figure 2.5: The Define profile and allele files dialog box.

each of the alleles, or one can specity to Calculate trimming patterns automatically (recommended). If the
trimming patterns are automatically calculated, a Trim pattern length (default 20 bases) can be set. The trim
patterns can be recalculated automatically each time the database is loaded by checking Update trimming
patterns at database startup.

Pressing <Next> calls the Database info fields dialog box (see Figure 2.7).

In the Database info fields dialog box, the program prompts for database information fields to store the
Sequence types and Clonal complexes information. One can either choose the default fields, select existing
fields or enter new field names. When manually entering new field names, please note that information field
names cannot start with a space.

Pressing </Next> calls the final dialog in the wizard (see Figure 2.8).
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MLST plugin installation ? X

Allele trimming patterns
Provide start and stop trimming patterns.
These will be stored in the Batch Sequence Assembly settings.

Locus Start pattern Stop pattern
Oxf_glth

Oxf_gyrB

Oxf_gdhB

Ouf_rech

Oxf_cpnBd

Oxf_gpi

Oxf_rpoD

Trim pattern length:

[]Update trimming patterns at database startup

< Back Mext = Cancel

Figure 2.6: The Allele trimming patterns dialog box.

MLST plugin installation ? X

Database info fields
Provide database info fields to store the sequence types and clonal

complexes.
Sequence types: MLST 5T w |
Clonal complexes: | MLST CC v|

< Back Mext = Cancel

Figure 2.7: The Database info fields dialog box.

Pressing <Finish> in the Finish installation dialog box starts with the installation of the MLST online
plugin.

In case of large MLST databases available online, the installation may take several minutes,
depending on the speed of your internet connection.

When the MLST online plugin is successfully installed, a confirmation message is displayed. Close and
reopen the database to activate the features of the MLST online plugin.

The MLST online plugin installs menu items in the main menu of the software under MLST (see Figure 2.9)
and in the Contig assembly window.

In the Main window, the MLST online plugin has installed following items:

e Extra information fields in the Database entries panel (default names: MLST ST; MLST CC).
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MLST plugin installation ? X

Finish installation
The plugin has been set up.

Click 'Next' to finish installation of the MLST plugin.

This may take some time, depending on the settings.

< Back Cancel

Figure 2.8: The Finish installation dialog box.

,

File Edit Database Analysis | MLST | Scripts  Manual Window Help

Identify alleles...
IDatabase entries Identify profiles...
1 . Identify alleles and profiles...

Export alleles and profiles...
Update alleles and profiles
Update trim patterns

MLST search...

Settings...

Figure 2.9: MLST menu items in the Main window.

e One character type called MLST, one composite dataset called MLST_CMP, and typically seven
sequence types, each named after a housekeeping gene.

2.4 Creating a custom MLST scheme

In case no MLST scheme is available yet for the organism of your interest, the MLST online plugin allows
you to create a custom MLST scheme.

In the Choose MLST scheme dialog box (see Figure 2.3), select Define your own MLST scheme and press
<Next> to call the Define your own MLST scheme dialog box (see Figure 2.11).

In the Define your own MLST scheme dialog box, you are asked to provide the Organism name and the Loci
that were sequenced. The loci should be entered, separated by semi-colons.

In case text files containing profile and allele information are already available (e.g. if they were sent to you
by a colleague who works on the same organism), you should check Set profile and allele files/fURLs. With
this option checked, pressing <Next> will take you to the Select an organism dialog box where profile and
allele file locations can be specified (see Figure 2.5), which will initially be empty.
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File Edit Database Analysis MLST Scripts Manual Window Help

12 3 45 6789

W

4

m

e 1 Character types
] 2 abcZ Sequence types
189 3 adk Sequence types
e 4 arof Sequence types
2 5 fumC Sequence types
@ ﬁ 6 gdh Sequence types
[ B¢ 7 pdhC Sequence types.
@ ﬁ 3 pgm Sequence types
[mE= 9 MLST_CMP Composite data sets o

[3 4 nr 3

I Database: MLST plugin {_DefaultUser_) | Entries: Loaded=0, View=0, Selected=0 Ta experiments. | C:Users\Public\Documents\BioNumerics\Data TS\MLST plugin | This is a time limited package valid untl 2014123~

Figure 2.10: The Main window after installation of the MLST online plugin.

MLST plugin installation

Define your own MLST scheme
Provide the organism and locus names.

Optionally specify profile and allele files (in the next panel).

Organism name: |

Loci:
(semi-colon separated)

Profile and allele files

[ 5et profile and allele files/urls

Search in directory (optional):

Browse...

Figure 2.11: The Define your own MLST scheme dialog box.

When Set profile and allele files/URLs is unchecked, the next step will be dealing with the trimming posi-

tions.

When FASTA text files for allele definitions are used, they should be formatted as follows:

> [ID]
ACTG. ..

With [ID] an integer allele identifier (without brackets). Alternatively, the identifier line could also be:
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”>_[1D] ”,”>-[ID] ”,”>[LOCUS] [ID] ”,”>[LOCUS]_[ID] ” or ”> [LOCUS]-[ID].

When the option Sef profile and allele files/URLs was checked, specify the profile and allele file locations
in the Select an organism dialog box.

When the option Sef profile and allele files/URLs was unchecked, enter the Start pattern and Stop pattern
for all loci or check Calculate trimming patterns automatically in the Allele trimming patterns dialog box.

Proceed with the steps explained in 2.3 to complete the installation of the MLST online plugin.

2.5 MLST plugin settings

All settings that were entered during installation of the MLST online plugin, except organism name and
loci, can be changed later on. In the Main window, select MLST > Settings to call the MLST plugin settings
dialog box (see Figure 2.12).

MLST plugin settings 7 X
Organism  Profiles/alleles  Trim patterns  Info fields

Organism name: Acinetobacter baumannii

Loci: Onuf_glth; Oxf_gyrB; Oxf_gdhB; Oxf_rech;
(semi-colon separated) Oxf_cpnbl; Oxf_gpi: Oxf_rpeD

Profile and allele files

Search in directory (optional):

| Browse...

Figure 2.12: The MLST plugin settings dialog box, Organism tab.

The MLST plugin settings dialog box consists of four different tabs: the Organism, Profiles/alleles, Trim
patterns, and Info fields tab. To access the relevant settings, simply click on the corresponding tab in the top
part of the dialog box.

In the Organism tab, which is displayed initially, the Organism name and Loci are read-only, since the
MLST scheme cannot be changed after installation. Checking Set profile and allele files/URLs will update
profile and allele definitions from external text files, which can be located on your computer, on a network
computer or on the internet. Optionally, a directory can be entered or browsed for.

The Profiles/alleles tab basically contains the same settings as the Define profile and allele files dialog box
(see Figure 2.5). The location where the program looks for the profile and/or allele files can be edited. This
action is of course only necessary when the physical location of these files on your computer or on the (web)
server has changed.

In the Trim patterns tab, the Start pattern and Stop pattern for each of the loci can be edited (only if
Calculate trimming patterns automatically is unchecked), similar as in the Allele trimming patterns dialog
box (see Figure 2.6). Also, it can be specified to update the trimming patterns each time that the database is
loaded. A Trim pattern length can be entered if the trimming patterns are calculated automatically.

From the Info fields tab, different information fields can be selected for storage of Sequence types and
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MLST plugin settings ? X

Organism Profiles/alleles  Trim patterns  Info fields

Profiles: : ! profiles/abaumannii.bd| Browse...

Locus Allele file (FASTA)

Oxf_glth | https://pubrmlst.org/data/alleles/abaumannii/Oxf_gltA.tfa
Oxf_gyrB https://pubrnlst.org/data/alleles/abaumannii/ Oxf_gyrB.tfa
Oxf_gdhB https://pubmlst.org/data/alleles/abaumannii/ Oxf_gdhB.tfa
Oxf_rech https://pubrnlst.org/data/alleles/abaumannii/ Oxf_recA.tfa
Oxf_cpnl https://pubmlst.org/data/alleles/abaumannii/ Oxf_cpn60.tfa
Ouf_gpi https://pubmilst.org/data/alleles/abaumannii/Oxf_gpi.tfa
Oxf_rpoD https://pubmlst.org/data/alleles/abaumannii/ Oxf_rpoD.tfa

Update profiles and alleles at database startup

Figure 2.13: The MLST plugin settings dialog box, Profiles/alleles tab.

MLST plugin settings ? X

Organism  Profiles/alleles  Trim patterns  |nfo fields

Locus Start pattern Stop pattern

Oxf_ghtA GATCCTGGTTTYAYGGCRAC CYTDYACATGATGTTYGCDA
Oxf_gyrB  KRHDDHKRYAKYRBHKTMNGA VCVYCGYAADAGYGCDYTDG
Oxf_gdhB  HGREYNDRBYYWVHRDYNRB HHNDWEBKSDKRHYHDRSMNHMN
Oxf_recA  YENMMRVVVDWBBENVMDDD  MVRDWYVBDWDDDWDDDBDK
Oxf_cpnél WWKRAYMCAATGGATYYDAA BHAVHYHHYNHYWDHNHYBY
Oxf_gpi MSNDVNESNWCNKGNKWDSY  RSNNMRHVEDNMNMNMSBNNE
Oxf_rpoD YKSMMHAATSCKGTTGAVGT KDCGTSGYSGHMKKRWBSRY

Trim pattern length:

[ Update trimming patterns at database startup

Figure 2.14: The MLST plugin settings dialog box, Trim patterns tab.

Clonal complexes information. The functionality of this tab corresponds to the Database info fields dialog
box (see Figure 2.7).

2.6 Updating the allele trimming patterns

All trimming patterns are displayed in the Trim patterns tab of the MLST plugin settings dialog box (see
2.5). In the Trim patterns tab, the Start and Stop patterns for each of the loci are displayed. These patterns
will be automatically displayed in the Assembly trimming settings dialog box when importing sequences
into the database with the batch import routine.

When the option Update trimming patterns at database startup is checked in the Trim patterns tab, the trim
patterns are automatically updated each time the database is loaded.
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MLST plugin settings

Organism  Profiles/alleles  Trim patterns Info fields

Sequence types: MLST 5T w |

Clonal complexes: | MLST CC v|

Figure 2.15: The The MLST plugin settings dialog box, Info fields tab.

To update the trim patterns of the selected organism manually, use the MLST > Update trim patterns
command.



Chapter 3

Importing sequences and sequence trace
files

3.1 Introduction

Sequences and sequence trace files can be imported (and assembled) in BioNumerics and stored in the
corresponding housekeeping gene sequence type experiments using the import routines available in the
Import dialog box. After import, the (consensus) sequences can be screened against the downloaded MLST

sequences (see 5.1 for more information).

3.2 Import routines

The Import dialog box is called with the command File > Import... (4, Ctrl+I). The import tree options
are organized in groups based upon the type of data. Sequence data can be imported in BioNumerics in

several ways (see Figure 3.1).

Import data

Select the kind of data to import:

-6 Recen.tl)r used ] Import sequence trace files in
(D Entry information data batch and assemble sequences.

£
&
== Fingerprint type data
-2 Character type data
-85 Sequence type data

EElimport and assemble trace files

24 Import and assemble traces from FASTA text files
Import sequence assemblies from BAM files

24 Import FASTA sequences from text files

£ Import EMBL/GenBank sequences from text files
.24 Download sequences from internet

H-"he Matrix type data

H-1# Trend data type data

o4 Spectrum type data

75 Whole genome maps data

i-%| Sequence read sets data ’ Manage import templates ]
i-[_| Data exchange

Trace files can be in ABL, SCF
and other formats.

=

e O O O g O O

[ tmpot | [ Close |

—

Figure 3.1: The sequence import routines in the Import tree.
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The import routines will not be covered in detail in this manual. More detailed information can be found in
the BioNumerics manual.

3.3 The Assembler window

When importing and assembling sequence trace files in BioNumerics, the consensus sequence can be
screened for (nearest) allele matches with MLST > Identify allele in the Contig assembly window.

The MLST identification plot window will pop up. The sequence type of the sequence that is shown in
Assembler is displayed in white. The other sequence types are shown in gray (see Figure 3.2). The identifi-
cation result is shown below the sequence type boxes.

In case the trimmed consensus sequence could not be matched to one of the alleles (e.g. due to the presence
of unresolved bases), a table is shown in the lower left part of the MLST identification plot window displaying
the best matched alleles in the Allele ID column and number of mismatches with the consensus sequence
in the Mismatches column (see Figure 3.2 a). Matched allele IDs with a maximum of 5 mismatches are
reported. All allele IDs are clickable. A second table is displayed in the right part of the window listing
the sequence differences between the consensus sequence and the selected allele ID in the left table. The
base and base position on the consensus sequence are displayed in the Contig and Assembly columns, the
corresponding bases on the matched allele are displayed in the Allele column. Clicking on one of the editing
suggestions in the right table automatically updates the focus in the Contig assembly window. In case no
match could be found after introduction of 5 or less mismatches, the text "No matching alleles found” is
displayed (see Figure 3.2 b).



3.3. The Assembler window

ISO1: MLST identi

File View Window Help

-

Entry 1ISO1: MLST identification H

(][] [aoe] [wnc] [am] [owe] [oor ]

pgm: Differences: Allele ID 8

Allele ID Mismatches Assembly  Contig Allele
9 4 M7 K T
32 415 R G
70 414 M A
74 403 A
79

Entry 1ISO1: MLST identification

(o] [a] [ot] [me] [om] [ome] [oor ]

pgm:
No matching alleles found

File View Window Help

Entry 1ISO1: MLST identification

[avez | [[aak | [aroe | [wmc | [gan | [panc | [ pom |

pgm: Differences: Allele ID 9

Allele ID Mismatches Assembly  Contig Allele
No mismatches

Figure 3.2: The MLST identification plot window: (a) Best match with allele ID 9; (b) No
matching alleles; (c) Perfect match with allele ID 9.
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Chapter 4

Importing allele numbers from external
files

4.1 Introduction

When the MLST allele numbers are already stored in external text, Excel, or other ODBC-compatible file,
these allele numbers can be imported in BioNumerics and stored in the character type experiment MLST
using import routines available in the Import dialog box. After import, the allelic profiles can be screened
against the sequence type and clonal complex information (see 5.2 for more information).

4.2 Import routines

The Import dialog box is called with the command File > Import... (4, Ctrl+I). The import tree options
are organized in groups based upon the type of data (see Figure 4.1).

o With the Import fields and characters (text file) option, listed under the topic Character type data in
the Import tree, the allele numbers can be imported from text files in the database and linked to new
or existing database entries.

o With the Import fields and characters (Excel file) option, listed under the topic Character type data
in the Import tree, the allele numbers can be imported from an Excel file in the database and linked to
new or existing database entries.

o With the Import fields and characters (ODBC) option, listed under the topic Character type data in
the Import tree, the allele numbers can be imported from ODBC-compatible files in the database and
linked to new or existing database entries.

The import routines will not be covered in detail in this manual. More detailed information can be found in
the BioNumerics manual.
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import data

Select the kind of data to import:

() Entry information data
Fingerprint type data
Character type data
sl Import fields and characters (text file)
Import fields and characters (Excel file)
Import fields and characters (ODBC)
Import characters (db style)
o B Sequence type data
H-"8a Matrix type data
i1 Trend data type data
-8 Spectrum type data
15 Whole genome maps data
]L' Sequence read sets data
{1 Database view

Import character and optionally
database information from text
files and link to new or existing
database entries.

Each file should contain a
well-defined table with rows
corresponding to entries and
columns corresponding to
characters (and database fields).

The header of the table should
contain the character names
(and the database information
field names).

’ Manage import templates ]

| Import | ’ Close

Figure 4.1: The character import routines in the Import tree.
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Alleles and profiles

5.1 Identifying alleles

After clean-up of the assemblies, the consensus sequences can be screened against the allele information
with MLST > Identify alleles.

Screening can be done for all entries present in the database, or for any selection of entries in database. A
selection can be made in the database using the Ctrl and Shift keys. To select all entries in the database at
once, use the shortcut Ctrl+A. Check boxes for selected entries are indicated as . If no selection is present
in the database, a message pops up prompting to confirm to run the tool on all entries in the database.
Pressing <OK> starts the allele identification for all entries that are present in the database.

The matched allele IDs are stored in the corresponding character fields of the MLST character type. When
a consensus sequence does not match one of the alleles in the database, the character value is left empty.
Clicking on the colored dot in the MLST column of the Experiment presence panel opens the character
Experiment card window for an entry (see Figure 5.1). The experiment card can be closed again by clicking
in the small triangle-shaped button in the left upper corner.

1501

Character

abcZ
adk
aroE
fumC
gdh
pdhC
pgm

Value

Mapping
3 ==
3 ==
15 <+»
2 ==
9 =s=
6 <4=

9 =s=

m

|

Figure 5.1: An MLST character card, displaying allele IDs.

If one or more sequences could not be assigned to an allele ID, an MLST error report window pops up (see
Figure 5.2 for an example). The report window displays all errors encountered during the search for allele
IDs (CError’ column), the linked sequence type ("Locus’ column) and the entry key ("Key’ column).

The error messages can be:

o Unresolved assembly errors: When the status of the assembly is either “error” or “read”, i.e. when
the assembly errors were not yet manually corrected or when the errors have been corrected but the
status has not been changed to ’solved” afterwards.

e No sequence match: The consensus sequence could not be matched to an existing allele ID.
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File Window Help

Table

Key Error Locus
1503 Unszolved azsembly errors aroE
1503 Unszolved azsembly errors fumC
1503 Unszolved azsembly errors gdh
1503 Unszolved azsembly errors pgm

Figure 5.2: The MLST error report window, after identifying alleles.

Double-clicking on one of the error messages in the MLST error report window opens the MLST identifica-
tion plot window of the linked entry (see Figure 5.3).

The sequence types that are assigned to an allele ID are displayed in green. The sequence types of the
sequences that could not be linked to an allele ID are displayed in orange (see Figure 5.3).

File View Window Help

Entry 1SO3: MLST identification

fumcC: Differences: Allele ID 17

Allele ID Mismatches Assembly  Contig Allele
17 440 w T
2
18

Figure 5.3: The MLST identification plot window: No perfect match with an allele, best
match with allele ID 17.

The identification result of the selected sequence type is shown below the sequence plot:

In case the trimmed consensus sequence could not be matched to one of the alleles (e.g. due to the presence
of unresolved bases) a table is shown in the lower left part of the MLST identification plot window displaying
the best matched allele IDs in the ”Allele ID” column, and number of mismatches with the consensus se-
quence in the "Mismatches” column (see Figure 5.3). Matched allele IDs with a maximum of 5 mismatches
are reported. All allele IDs can be clicked on, in which case a second table is displayed in the right part of
the window, displaying the sequence differences between the consensus sequence and the selected allele ID
in the left table. The base and base position on the consensus sequence are displayed in the "Contig” and
”Assembly” columns respectively. The corresponding bases on the matched allele are displayed in the ”Al-
lele” column. Clicking on one of the sequence differences in the right table, automatically updates the focus
in the Contig assembly window. In case no match could be found after introduction of 5 or less mismatches,
the text "No matching alleles found” is displayed.

Clicking on another sequence type field automatically updates the identification results in the lower part of
the MLST identification plot window.

Clean up all assembly errors in the MLST error report window and select MLST > Identify alleles to update
the allelic profiles for the selected entries in the database.
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5.2 Identifying allelic profiles

The allelic profiles of the entries in the database are screened against the downloaded sequence type and
clonal complex information with the command MLST > Identify profiles.

Screening can be done for all entries present in the database, or for any selection of entries in database. A
selection can be made in the database using the Ctrl- and Shift-keys. To select all entries in the database at
once, use the shortcut Ctrl+A. Check boxes for selected entries are indicated as . If no selection is present
in the database, a message pops up prompting to confirm to run the tool on all entries in the database.
Pressing <OK> starts the profile screening for all entries in the database.

The matched sequences types and clonal complexes are displayed in the MLST information fields (default
"MLST ST” and "MLST CC” respectively, see Figure 5.4).

Database entries

Key MLST ST MLSTCC -4 123 4567829
1201 3399 ST-41/44 complex/Lineage 3
15010 1 ST-1 complex/subgroup Vil
15011 2 ST-1 complex/subgroup Vil
15012 4 ST-4 complex/subgroup IV
1502

1503

1504 1 ST-1 complex/subgroup Vil
1505 2 ST-1 complex/subgroup Vil
1506 24 ST-750 complex

1507 25

1508 4 ST-4 complex/subgroup IV
1509 32 ST-32 complex/ET-5 complex

Figure 5.4: The Main window after screening for sequence type and clonal complex infor-
mation.

If one or more allelic profiles could not be assigned to a sequence type (or clonal complex), an MLST error
report window pops up (see Figure 5.5 for an example). The report window displays the errors encountered
during the search for sequence types and clonal complexes. The errors are shown in the *Error’ column, and
the linked entry key is displayed in the ’Key’ column.

(") MLST identify errors A [ ) e

File Window Help

Key Error
1503 Unidentified alleles in profile o
1504 No ST defined for this profile

4 I

Figure 5.5: The MLST error report window, after identifying profiles.

The error messages can be:

o Unidentified alleles in profile: One or more alleles are not assigned to an allele ID.

e No sequence type match: The allelic profile could not be matched to an existing allelic profile in the
locally stored database.

e No ST defined for this profile: The allelic profile could not be matched to an existing allelic profile
in the online database.

e No complex defined for this ST: The sequence type is not linked to a clonal complex in the online
database.
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5.3 Identifying alleles and allelic profiles

A combined screening for alleles and profiles can be launched with the command MLST > Identify alleles
and profiles. This command combines the actions MLST > Identify allele and MLST > Identify profiles as
described in 5.1 and 5.2, respectively. If one or more sequences could not be assigned to an allele ID and/or
if one or more allelic profiles could not be assigned to a sequence type (or clonal complex), an MLST error
report window pops up, which displays all errors encountered during the search for allele IDs, sequence
types, and clonal complexes (see Figure 5.6 for an example).

[&] MLST identify errors O | E S
File Window Help
Key Error Locus
1506 Unszolved assembly errors fumC
1506 Unszolved assembly errors pgm
1506 Unidentified alleles in profile

4 T b

Figure 5.6: The MLST error report window, after identifying alleles and profiles.

5.4 Updating locally stored allele and profile information

Locally stored information is used when querying for allele, sequence type and clonal complex information
in BioNumerics. This information can be obtained from profile and allele definition files, located on your
computer, local area network or on the internet (see Figure 2.5). With the command MLST > Update
alleles and profiles, the locally stored MLST information in the BioNumerics database is then compared
with the information in the allele and profile files and updated when new information is found. A warning is
generated if existing alleles or profiles are changed or deleted. When the option Update profiles and alleles
at database startup is checked, the MLST information is automatically updated each time the database is
loaded. In case profile and allele files are not available, the locally stored MLST information should be
manually updated (see 5.5).

5.5 Editing MLST information in a custom MLST database

5.5.1 Introduction

The locally stored MLST information of a custom MLST database can be updated from profile and allele
definition files specified in the Profiles/alleles tab (see 5.4).

If no allele and profile definition files are specified, the MLST information can be updated manually using
the Update MLST alleles/profiles dialog box. Selecting MLST > Update alleles and profiles calls this dialog
(see Figure 5.7). The Update MLST alleles/profiles dialog box consists of three different tabs: the Alleles,
Profiles and Clonal Complexes tab. To access the relevant settings, simply click on the corresponding tab in
the top part of the dialog box.

5.56.2 Editing alleles

In the Alleles tab, sequences can be added to the database.
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Update MLST alleles/profiles - [

Alleles | Profiles | Clonal Complexes|
Locus 1D Sequence Status
adk 1 GAAGCGAAAAAAATCATTGA...(465) NEW
aroh 1 TATCGGTTTGGCCAACGACA...(490) NEW
[7] Auto number l Add... ] [ Screen selection l
’ 0K ] ’ Cancel ]

Figure 5.7: Allele information in the custom MLST database.

When pressing the <Screen selection> button, the software compares all sequences of the current entry
selection with the sequences that are already present in the custom database.

All newly detected sequences are added to the allele list in the Alleles tab. The *Locus’ column displays
the name of the sequence type, the ’Sequence’ field displays the first nucleotides of the allele sequence, and
the last column displays the ’Status’ information. If the option Auto number was unchecked, no IDs are
assigned to the newly added sequences in the 'ID’ column. An ID can be added to a sequence by double-
clicking on a sequence in the list. If the Auto number option was checked, the software automatically
assigns unique IDs to the newly added sequences (recommended).

Double-click on an allele in the list if you want to edit the allele information. This calls the Edit allele dialog
box.

Instead of letting the program screen a selection of entries for alleles that are not yet present in the database,
a new allele can also be added manually by pressing the <Add> button. This calls the Edit allele dialog
box.

_
Edit allele - [
.

Allele ID:

Allele Sequence: -

[ ok [ canca |

Figure 5.8: Adding an allele to the custom MLST database.

Select the sequence type from the Locus drop-down menu and enter the sequence in the Allele Sequence



28 5. Alleles and profiles

text box. If the option Auto number is unchecked in the Alleles tab, specify a unique allele number in the
Allele ID text box. If the Auto number option is checked, the Allele ID text box is not editable and the
software will automatically assign a new ID to the new allele when the allele is added to the database.

Pressing <OK> in the Update MLST alleles/profiles dialog box adds all new alleles in the list to the
database.

’ It is possible to view the alleles or allelic profiles stored in the database with an object query. In

the Main window, choose Database > Object queries... ((Z]) and select ”<Create new>" from
the drop-down menu that appears. As Object to report, select "MLST - Alleles” or "MLST -
Sequence types” and press <OK>.

The update alleles and profiles function furthermore allows you to edit and delete alleles that are already
stored in the database. An object query (see above) can be used to retrieve the allele ID of the allele to be
edited.

In the Alleles tab, uncheck Auto number and press the <Add> button to call the Edit allele dialog box (see
Figure 5.8). Select the sequence type from the Locus drop-down menu and enter the Allele ID of the allele
to be edited.

To edit the allele, paste a corresponding sequence in the Allele Sequence text box and press <OK>. A
confirmation message will appear, confirming the change. If you press <Yes>, the edited allele will be
listed as "UPDATE” in the allele list. The allele will effectively be edited in the database after pressing the
<OK> button in the Update MLST alleles/profiles dialog box.

To delete the allele from the database, leave the Allele Sequence text box empty and press <OK>. A
confirmation message will appear, confirming the removal of the allele. If you press <Yes>, the allele
will be listed as "DELETE” in the allele list. The allele will effectively be deleted from the database after
pressing the <OK> button in the Update MLST alleles/profiles dialog box.

Please note that adding new alleles to the database is also possible from within Assembler. When identifying
an allele in the Contig assembly window, new alleles might be found, i.e. no matching allele is detected in the
database, while no errors or inconsistencies are present in the alignment. In that case, you can select MLST
> Add to alleles in the Contig assembly window to add the allele to the database with an automatically
assigned number. When the allele indeed does not yet exist in the database, a confirmation message will
appear. An error will be generated in case the allele was already present in the database.

5.5.3 Editing profiles

In the Profiles tab, profile information can be added to the database.

When pressing the <Screen selection> button, the software compares the allelic profiles of the current
entry selection to the profiles that are already present in the custom database. All newly detected complete
profiles are added to the profiles list.

The ST column displays the name of the sequence type; the last column displays the Status information.
If the option Auto number was unchecked in the Profiles tab, no sequence types are assigned to the newly
added profiles in the list. A ST can be added by double-clicking on a profile in the list. If the Auto number
option was checked, the software automatically assigns unique ST IDs to the newly added profiles.

Double-click on a profile in the list if you want to edit the profile information. This pops up the Edit profile
dialog box.

A new profile can also be added manually by pressing the <Add> button. This calls the Edit profile dialog
box.

Enter the profile in the text boxes. If the option Auto number is unchecked in the Profiles tab, specity
a unique sequence type number in the Sequence type text box. If the Auto number option is checked, the
Sequence type text box is not editable and the software will automatically assign a new ID to the new profile
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,

| Alleles | Profiles | Clonal Complexes|

ST adk argh arcA  glnA  thrA  tmk trpE Status
3 1 5 2 1 4 2 1 NEW
2 1 2 2 2 2 1 1 NEW
1 3 1 1 1 2 1 2 NEW
[¥] Auto number l Add... ] [ Screen selection ]
’ 0K ] ’ Cancel ]
L

Figure 5.9: Profile information in the custom MLST database.

Edit profile (=

Sequence type: 3

adk: 1

argh: 5
arof: 2
glnA: 1
thré: 4
trnk: 2
trpE: 1
l 0K ] ’ Cancel ]

Figure 5.10: Adding an allelic profile to the custom MLST database.

when the profile is added to the database.

When the profiles contain the correct information, press <OK> in the Update MLST alleles/profiles dialog
box to add all new profiles in the list to the database.

In a similar fashion as for alleles, profiles can be manually added, updated or deleted from the database (see
5.5.2).

5.5.4 Editing clonal complexes

In the Clonal Complexes tab, clonal complex information can be added to the database.

When pressing the <Screen selection> button, the software compares the clonal complex and sequence
type combinations of the current entry selection to the information that is already present in the custom
database. All newly detected clonal complex and sequence type combinations are added to the list in the
Clonal Complexes tab.

The ST column displays the name of the sequence type, the Clonal complex column holds the clonal com-
plex information, and the last column displays the Status information.
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Update MLST alleles/profiles [
Alleles Clonal Complexes
ST cC Status
1 S5T1-complex NEW
2 ST1-complex NEW
3 ST1-complex NEW
4 5T2-complex NEW
[ Add... H Screen selection ]

[ ok |[ canca |

H

Figure 5.11: Clonal complex information in the custom MLST database.

Double-click on a clonal complex and sequence type combination in the list if you want to edit the informa-
tion. This pops up the Edit clonal complex dialog box.

A new clonal complex can also be added manually by pressing the <Add> button. This calls the Edit clonal
complex dialog box (see Figure 5.12).

Edit clonal complex @&J
Sequence type: 4
Clonal complex 5T2-complex
[ OK l ’ Cancel ]

=

Figure 5.12: Add clonal complex to the custom MLST database.

Pressing <OK> adds the new sequence type and clonal complex combination to the database.

When the clonal complexes contain the correct information, press <OK> to add all new clonal complexes
in the list to the database.

In a similar fashion as for alleles and profiles, clonal complexes can be manually added, updated or deleted
from the database (see 5.5.2).

5.6 Exporting alleles and profiles

Locally stored allele and profile information can be exported as FASTA-formatted text files from the database
with the command MLST > Export alleles and profiles. This feature can be particularly useful when mov-
ing from an MLST setup with the allele and profile information stored in the database to a setup in which
the information is made available through files, stored on a network drive or located on the internet.

Browse for an export folder and select a FASTA file extension from the drop down list.

Pressing <OK> exports the MLST allele and profile information. For each sequence type, BioNumerics
creates a separate FASTA file, containing the sequences that are locally stored in the database. The allelic
profiles, sequence types and clonal complex information are stored in the tab-delimited Profiles. txt file.
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Export MLST alleles and profiles lilﬂ—hJ

Export files to folder:

CihUsers\PublichDocuments\BioMNumerics\Data\ ML

Fasta file extension:

[ ok ]| cance |

Figure 5.13: The Export MLST alleles and profiles dialog box: Export locally stored allele
and profile information.

5.7 MLST search

The MLST search tool is designed for searching entries with certain allelic profiles, corresponding to com-
binations of character states in the MLST character data set. Selecting MLST > MLST search calls the
MLST search dialog box (see Figure 5.14).

(" MLST search - R3] |
Alleles Settings
adk: [ Megative search
argh Max. # of mismatches: 1]
aroh: Selection method:
ot

Replace selection
Search in selection
Search in profiles

thré:

trnk:

Paste from selection
Clear search

trpE:

Search | I Cancel ‘

Figure 5.14: The MLST search dialog box.

The MLST search dialog box lists all loci that are defined in the MLST scheme. The user can enter the
selection criteria for each of the loci in the Alleles panel. The criteria for the different loci are combined
with AND. For each locus, comma separated values can be specified, which are then combined with OR.

The selection criteria can be cleared with the <Clear search> button. In the right panel, a Maximum
number of mismatches can be specified. With the Negative search option checked, all entries that do not
match the specified criteria will be selected. One can specify to add the entries to the current selection
(Add to selection), replace an existing selection of entries by the found entries (Replace selection), or to
search within an existing selection of entries (Search in selection). With Search in profiles, the profiles in
the database are searched. Search criteria can be pasted from the character states of the currently selected
entries using the <Paste from selection> button.

When pressing the <Search> button all entries in the database that match the specified criteria are selected
and are brought to the top of the Database entries panel. In case Search in profiles was selected, a window
will pop up, listing all sequence types that fulfilled the search criteria.
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Chapter 6

MLST data analysis

Some useful features in the context of MLST data analysis will be highlighted in this chapter. More detailed
information about the analysis possibilities in the software can be found in the BioNumerics manual.

6.1 Selections in BioNumerics

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

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

1.3 All entries can be selected at once with Edit > Select all (Ctrl+A).

1.4 Clear all selected entries with Database > Entries > Unselect all entries (all levels) (4, F4).

6.2 The Comparison window

2.1 Make a selection in the Database entries panel (see 6.1).

2.2 Highlight the Comparisons panel in the Main window and select Edit > Create new object... (%)) to
create a new comparison for the selected entries.

A Comparison window is created, with the selected database entries.

2.3 You can drag the vertical separator lines between the panels to the left or to the right, in order to divide
the space among the panels optimally.

2.4 Click on the * | next to the experiment name MLST in the Experiments panel and select Characters >
Show values (&) to display the allele numbers in the Experiment data panel (see Figure 6.1).

2.5 In the Comparison window, groups can be created based on a selection (Groups > Create new group

Jrom selection (%, Ctrl+G)) or based on the content of an information field: right-click in the header of
a field (e.g. field "MLST CC’) and select Create groups from database field from the menu.

2.6 Click on the * | next to a sequence experiment name in the Experiments panel to view the sequences in
the Experiment data panel.
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Figure 6.1: The Comparison window: groups have been defined based on the MLST CC
information field.

2.7 Click on the *|next to the experiment name MLST_CMP in the Experiments panel to view the mutation
list of the concatenated MLST sequences in the Experiment data panel.

6.3 Cluster analysis

3.1 In the Experiments panel of the Comparison window, make sure the MLST experiment is selected.
3.2 Select Clustering > Calculate > Cluster analysis (similarity matrix)... to display the Similarity coeffi-
cient wizard page.

Due to the arbitrariness of the allele numbers, the only suitable similarity coefficients for clustering MLST
data are categorical coefficients. A categorical coefficient compares the allele numbers to see if they are the
same or different but does not quantify the difference.

3.3 Select e.g. the Categorical (values) coefficient from the list and press <Next>.

3.4 In the Cluster analysis wizard page, choose a clustering method (e.g. UPGMA) and press <Finish>.

When finished, the dendrogram and the similarity matrix are shown in the Comparison window (see Figure
6.2 for an example). More information about the Comparison window can be found in the Reference manual,
Part Basic cluster analysis.

A minimum spanning tree in BioNumerics is calculated in the Advanced cluster analysis window. This
window can be launched from the Comparison window:

3.5 Select Clustering > Calculate > Advanced cluster analysis... or press the |, button and select Ad-
vanced cluster analysis to launch the Create network wizard.
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Figure 6.2: The Comparison window with a UPGMA tree displayed.

The predefined template MST for categorical data uses the categorical coefficient for the calculation of
the similarity matrix, and will calculate a standard minimum spanning tree with single and double locus
variance priority rules.

3.6 Specify an analysis name (for example MLST1), make sure MLST(<All Characters>) is selected, select
MST for categorical data, and press <Next>.

The Advanced cluster analysis window pops up (see Figure 6.3 for an example).

The Network panel in the Advanced cluster analysis window displays the minimum spanning tree, the upper
right panel (Entry list) displays the entries that are present in the tree. The Cluster analysis method panel
displays the settings used, in this example the priority rules that result in the displayed network. The colors
of the comparison groups (if defined) are automatically shown as node colors.

3.7 To change the display settings of the network (node/branch labels, node/branch colors, etc.), press the i
button or choose Display > Display settings.

For more information about the Advanced cluster analysis window, see the Reference manual, Part Ad-
vanced cluster analysis.

3.8 Select File > Exit to close the Advanced cluster analysis window and select File > Save (&, Ctrl+S)
to save the comparison.

All calculations done on the data is stored along with the comparison. This includes a similarity matrix for
the experiment type on which a dendrogram was last calculated, any dendrogram that has been created, any
statistical analysis, comparison groups, etc..

3.9 Enter a name, e.g. “MyComp” and press <OK>.

3.10 Close the comparison with File > Exit. The comparison MyComp is now listed in the Comparisons
panel of the Main window.
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Figure 6.3: The Advanced cluster analysis window.

To continue working on an existing comparison, it can be opened again:

3.11 Highlight the comparison in the Comparisons panel and select Edit > Open highlighted object... (&,

Enter). Alternatively, just double-click on the comparison name.
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