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Chapter 1

Starting and setting up BioNumerics

1.1 Introduction

This guide is designed as a tutorial for the Spa typing plugin. This plugin offers extra functionality to
BioNumerics to do Spa typing for Staphylococcus aureus. Sequences in the database can be screened for
known spa repeats and types downloaded from the SpaServer, data can be submitted to the SpaServer via a
synchronization process, and entries can be clustered based on the spa types.

The features of the plugin will be illustrated using data available on the Applied Maths website (http:
//www.applied-maths.com/download/sample-data, click on ”SPA typing data files”). The minimal
configuration for the installation of the Spa typing plugin includes the Sequence data module (import and
storage of sequences in the database).

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.

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>.


http://www.applied-maths.com/download/sample-data
http://www.applied-maths.com/download/sample-data
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2018-01-12 11:01
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B Applied Maths 1998-2018 wiww .applied-maths.com Download example databases |

Figure 1.1: The BioNumerics Startup window.

New 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.

The Plugins dialog box appears.
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Engine
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.

| < Back “ Finish

Figure 1.3: The Database engine wizard page.

1.4 Installing the Spa typing plugin

If a database is opened for the first time, the Plugins dialog box will appear by default (see Figure 1.4).

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
Bandscoring 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
OlAxcel
RDP
RiboPrinter
SNP calling
SmartFinder
Spa typing
Polymorphic VMTR typing

[YIRYTY

[]Show only activated

Show Manual

| Activate || Exit

Figure 1.4: 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>
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button.

If the selected plugin is documented, pressing <Show Manual> will open its manual in the Help window.

4.1 Select the Spa typing plugin from the list in the Applications tab and press the <Activate>> button.

4.2 The program will ask to confirm the installation of the plugin. Press <OK> to confirm the installation.

BioNumerics checks if the Character data module is present in the BioNumerics configuration.

If the Character data module is present in the BioNumerics configuration, the repeat succession infor-
mation will be stored in a character type experiment and in an information field. The repeat informa-
tion stored in the associated character type will be used when using the matching and clustering tools.
The repeat succession stored in the associated repeat information field is only used when no repeat
information is present in the associated character type.

If the Character data module is not present in the current BioNumerics configuration, the repeat suc-
cession will only be stored in an information field. Information fields can only contain up to 80
characters, so long repeat successions may be truncated when stored in an information field. BioN-
umerics will warn you for this by displaying a message upon installation of the plugin (see Figure
1.5).

rWarn'lng @1

' 3 | This version of the Spa Typing Plugin can store the Spa repeat
' successions in a character type experiment. However, the 'Character
types' module is not present in your BioMumerics configuration.
Long repeat successions may be truncated when stored in an
information field.
For more information, please contact info@applied-maths.com.

Figure 1.5: A warning message pops up when the Character data module is not present in
the BioNumerics configuration.

4.3 Press <OK> to continue with the installation of the plugin.

The Spa typing settings dialog box pops up (see Figure 1.6).

Experiment Settings:

The sequence type Spa-typing is automatically created upon installation of the Spa typing plugin, and
will be used for the storage of the imported sequences (Sequence).

If the Character data module is present in the BioNumerics configuration, the repeat successions are
stored in the character type experiment Spa-repsuc (Repeat succession).

The start and stop trim patterns are automatically filled out in the Start and Stop target boxes respec-
tively, but can be changed if desired.

2

If you want to submit sequences to the online SpaServer (see 8), the sequences must contain the

following signatures: 5° signature: RCAMCAAAA, 3’ signature: TAYATGTCGT.

When pressing the <Advanced Assembly settings> button, the Assembly settings dialog box pops up (see
Figure 1.7).
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4 ™
e L B

General Spa typing plugin settings. Normally NO changes are reguired!

— Experiment Setting:

Repeat succession: I Spa-repsuc

Sequence I Spa-typing

Start target: I RCAM CAAAA

Stop target: I TAYATGTCGT

[ Advanced assembly settings... ]

— Type i g
Allow IUPAC

Allow gaps
Max # of mismatches (2-4): |2

— Information Fields

Spa type: SpaType

Repeats succession: RepeatSuccession
Kreiswirth succ.: <None=

Clonal complex: <None=

— Update URL:

Repeats: I hitp:/fspa.ridom.de/dynamic/sparepeats. fasta

Types: I http://zpa.ridem.de/dynamic/spatypes.ta

|:| Update automatically when database is opened

Figure 1.6: The Spa typing settings dialog box.

:

e

— Quality i it —_ ey

Curve sliding window (bp) Min. match word size (bp)

Min. good/bad peak ratio Min. score (matches)

Min. short/leng peak distance ratio Unit penalty per gap (x match)

Base caling sliding window (bp) Unit penalty per mismatch (x match)

Min. resolved positions (bp) Maximum number of gaps

Min. consecutive good bases (bp) — C deter

Req. bazes to include (%)
Min. length of usable sequence (bp)

Censensus for unigue base (%)

EENEEEER

Min. fraction of good bases (%)

JIENESIEEEEN

C for 2-fold degen. (%)
Note: 3 . . Consensus for 3-fold degen. (%)
The Spa default "Quality settings
are required for submission of new types to
the Ridom/SegNet SpaServer. ’593 defaults ] ’ 0K ] ’ ]

Figure 1.7: The Assembly settings dialog box for Spa Typing.

The Assembly settings are grouped per settings dialog box in Assembler: Quality Assignment, Calculate
Assembly, and Consensus Determination. For a detailed description of the Assembler program settings,
see the reference manual.

(a The Assembly settings can still be changed after installation of the plugin with Spa-Typing >
> Settings.

(a The default Spa Quality Assignment settings are required for submission of new types to the
> SpaServer (see 8). Pressing the <Spa defaults > button will reset all settings in to their defaults.

Type Detection Settings:
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e Allow IUPAC: When this option is enabled, the tool will consider the different possibilities for the
ambiguous positions for the repeat calling in Assembler. (see 4.2). This option is enabled by default.

e Allow gaps: When this option is checked, gaps are allowed when searching for possible repeats in the
consensus sequence.

o Maximum number of mismatches: In the Spa typing plugin, a visualization tool is available (see 4.3)
with editing suggestions for the unknown repeat(s). With this option, you can specify the maximum
number of mismatches you want to consider between the source sequence and the repeat sequence.
The maximum value is 4. Entering a higher number will cause the value to be set to 4.

Information Fields:

In the Information fields panel, you can choose the names of the database information fields that will contain
the Spa type, the Repeat succession, the Kreiswirth succession string, and Clonal complex information for
the entries in the database (see Figure 1.6). You can choose the default suggested names, select an existing
field, enter a new field name or set the box to ”"None”.

é If the Character data module is present in the BioNumerics configuration, the storage of a repeat
succession in an information field is used for illustration purposes only. The repeat information
stored in the associated character type will be used when using the matching and clustering tools.

é If you want to change the name of one of the information fields selected in the Information fields
panel, you need to rename the information fields in the database and in the Information fields
panel in order to run the plugin tool properly.

y A new information field can not start with a space.

Update URL:

e The URL for the update of the Repeats and the Types can be changed in the Update URL panel.

e When the option Update automatically when database is opened is checked, the software will auto-
matically update all online repeat and type information each time the database is opened.

4.4 Leave all settings unaltered and press <OK>.
The software updates the types and repeats from the Ridom/Seqnet SpaServer.

4.5 When the Spa typing plugin is successfully installed, a confirmation message pops up. Press <OK>.
4.6 Press <Proceed> (or <Exit>) to close the Plugins dialog box and to continue to the Main window.

4.7 Close and reopen the database to activate the features of the Spa typing plugin.

The Spa typing plugin installs itself in a menu of the BioNumerics software. In the Main window, some
initialization has been done to the database with the installation of the Spa Typing plugin (see Figure 1.8).

o The information fields specified in the Information fields panel of the Spa typing settings dialog box
are present in the Database entries panel.

o The Experiment types panel lists the experiment types. BioNumerics has automatically created a
sequence type called Spa-typing. If the Character data module is present in the BioNumerics config-
uration, a character type called Spa-repsuc is created upon installation of the plugin.
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Assign Spa types...

-
Match Spa types... Experiment types
Settings...

Browse repeats/types...
Update repeats/types (SpaServer)

Type
Sequence types
2 Spa-repsuc Character typss

|
a=

Synchronize with SpaServer..
SpaServer synchronization settings...

<[ n, »

Database desig | | comparsons | Dec  Algnments | isons. | Amnotators | BLAST profects |||
I Database: Spa typing plugin (_DefaultUser_) | Entries: Loaded=0, View=0, 12 experi Tc. ics\Data 75\Spa typing plugin | This is a time limited package valid until 2014-12-31 | \||

Figure 1.8: The Main window after installation of the Spa Typing plugin.

4.8 To call the Spa typing settings dialog box from the Main window, select Spa-Typing > Settings.

4.9 Press the <Advanced Assembly settings> button to call the Assembly settings dialog box for the Spa-
typing sequence experiment.



10

1. Starting and setting up BioNumerics




Chapter 2

Getting started

2.1 Browsing Spa repeats or types

The lists of Spa repeats and Spa types, downloaded from the SpaServer, can be queried by the user.
1.1 Select Spa-Typing > Browse repeats/types in the Main window.
This action calls the Browse types/repeats dialog box (see Figure 2.1).

Browse types/repeats l B —r|

Repeats/Type

Browse: @
types

Browse

Repeat Seguence Kwo
1 GAGGAAGACAACAACAAGCCTAGE

riz2 AAAGAAGACAACAAAMAAACCTGGE Al

i3 GAGGAAGACAATAACAAACCTGGT o2

ri4 GAGGAAGACAATAACAAGCCTGGT Z1

s AAAGAAGACAACAAAAAGCCTGGE c1

ris AAAGAAGACGGLAAAAAACCTGGL G2

a7 GAGGAAGACAACAACAAACCTGGT u1

i) GAGGAAGACAACAACAAGCCTGGT X1

g GAGGAAGACGGCAACAAACCTGGET AZ

rid AAAGAAGACAATAACAAGCCTGGT cz v

Edit Find
Close

Figure 2.1: The Browse types/repeats dialog box.

In the Repeats/Types panel specify which list you want to browse: the repeats list or types list.

In the Browse panel, all repeats/types are listed that were downloaded from the online SpaServer.

Use the scroll bar to browse through the repeats/types.

Select repeats/types in the Repeats/Types panel and press the <Find> button to look for a repeat/type.

When looking for a repeat, enter the sequence in the Find type dialog box and press the <Find> button. If
the repeat is present in the list of repeats, the Repeat ID of the sequence is displayed.

é The Kreiswirth information box is only shown in the Find type dialog box if its corresponding
information field is present in the database.

When looking for a type, enter the succession string in the Find type dialog box and press the <Find>
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s ~
Find repeat l D ||
Repeat ID: ri4
Kreiswirth: Z1
Sequence:

| GGAAGACAATAACAAGCCTGGET

Figure 2.2: The Find type dialog box: Find repeat.

.
Find type

B S |

Type ID:

CC:

Succession:

—

| 09-02-16-13-13-17-34-16-34

=

Figure 2.3: The Find type dialog box: Find type.

button. If the succession string is present in the list of types, the Type ID of the succession string is displayed.

2

With the <Add> button, a new type can be added to the list of existing repeats/types.

P S] |

Add Spa type

Type ID:

CC:

Succession:

—
|
|

Figure 2.4: The Add Spa type dialog box.

The Clonal complex information box is shown in the Find type dialog box if its corresponding
information field is present in the database.

Enter a Succession string, a Type ID and optional a clonal complex notation in the Add Spa type dialog box.

When pressing the <OK> button the type is added to the list of types.

2

When updating the spa repeat and spa type information from the SpaServer, types that were
added manually to the database might be overwritten if the Type ID entered in the Add Spa type
dialog box corresponds to a Type ID of a new online spa type.

Select a repeat/type in the Browse panel and press the <Edit> button to add/edit the Kreiswirth or clonal

complex information.

If an information field name for the Kreiswirth information is specified in the Information fields panel of
the Spa typing settings dialog box, Kreiswirth information can be linked in the Edit Spa repeat dialog box
to the spa repeats that are present in the database.

If an information field name for the Clonal complex information is specified in the Information fields panel
of the Spa typing settings dialog box, clonal complex information can be linked in the Edit Spa type dialog
box to the spa types that are present in the database.
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Edit Spa repeat @IéJ

Repeat ID:

Sequence:

Kreiswirth: | D2

Cancel

Figure 2.5: The Edit Spa repeat dialog box.

Edit Spa type @IéJ
Type ID: t003

Succession: |2e.1?.2c-1?.12-1?.1?.1e

ce: |
oK

Figure 2.6: The Edit Spa type dialog box.

é Clonal complex information that is stored outside BioNumerics (for example in an Excel or text
file) can be imported into BioNumerics and linked to the spa types with a special script. Please
contact Applied Maths to obtain this script.

It is also possible to view all repeats and types stored in the database with an object query.

1.2 In the Main window, select Database > Object queries... ([Z]) and select ”<Create new>" from the
drop-down menu that appears. Press <OK>.

1.3 As Object to report, select ”Spa repeats” or ”Spa types” and press <OK> (see Figure 2.7).

For more information on object queries, we refer to the reference manual.

2.2 Updating Spa types and Spa repeats

When installing the Spa typing plugin, the known repeats and types are downloaded from the SpaServer.

2.1 The list of known repeats and types can be updated with the command Spa-Typing > Update repeats/-
types (SpaServer).

y You can perform analyses without being connected to the internet, but you will be unable to
update the list of known repeats and types.

When the option Update automatically when database is opened is checked in the Spa typing settings dialog
box, BioNumerics automatically updates all online repeat and type information each time the database is
opened.
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= Object query L

File Query Object Window Help

" = =]
Object query _E -

[ 7ot e e )
Object query Parent object query
Spa repeats

Repeat ID

Repeat seguence

Kreiswirth notation

< [

AAAGAAGACAACAAAAAACCTGGE
GAGGAAGACAATAACAAACCTGGT
GAGGAAGACAATAACAAGCCTGGT
ALAGAAGACAACAAAAAGCCTGGC
ABAGAAGACGGLAAAAAACCTGGC
GAGGAAGACAACAACAAACCTGGT
GAGGAAGACAACAACAAGCCTGGT
|

File Query Object Window Help
] 9

e

Parent object query

11-19-12-12-17-34-24-34-22-25
11-18-12-21-17-34-24-02-22-25
26-23-86-34-17-20-17-12-17-16
14-44-13-12-17A7-17-17-17-17-23-18
14-44-13-12-18
14-54-44-13-12147-17-17-17-23-18
124-22-34-17-20-17-12-17-16

Figure 2.7: Object queries: Spa Repeats and Types.



Chapter 3

Importing and assembling trace files

3.1 Importing and assembling trace files in batch

A set of sequences run on an Applied Biosystems Genetic Analyzer can be downloaded from the Applied
Maths website (http://www.applied-maths.com/download/sample-data, click on ”SPA typing data
files”) and are used in this guide to explain the work flow of the Spa-Typing plugin.

1.1 Select File > Import... (4, Ctrl+]) to call the Import dialog box.
1.2 Select Import and assemble trace files under Sequence type data and press <Import>.

1.3 Select the <Browse> button, navigate to the correct path, select all the sequence trace files and press
<Open>.
The dialog is updated (see Figure 3.1).

Import sequence trace files - @Iﬂ—hJ

Import sequence traces
Select the data to import

Select file(s): || C\Users\Public\Documents\..\5trainl_f.abl =

|| Ch\Users\Public\Documents\...\Strainl_r.abl

|| Ch\Users\Public\Documents\...\5train2_f.abl E
|| Ch\Users\Public\Documents\...\5train2_r.abl
|| Ch\Users\Public\Documents\...\5train3_f.abl
|| Ch\Users\Public\Documents\...\5train3_r.abl
|| C\Users\Public\Documents\..\5traind_f.abl
|| Ch\Users\Public\Documents\...\Strain4_r.abl
|| Ch\Users\Public\Documents\...\5train5_f.abl

| | ChUsers\Public\Documents\...\5train5_r.abl ~
26 file(s), 6 Mb

Template file:

< Back ’ Mext » ] ’ Cancel

Figure 3.1: Select trace files.

1.4 Press <Next> to go the next step.

The way the information should be imported in the database can be specified with an import template. In
the example data set, the Key is provided in the trace file name. A new import template needs to be defined:

1.5 Press the Create new button to call the Import rules dialog box.


http://www.applied-maths.com/download/sample-data
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The only source of information available in the newly created import template is the file name.

1.6 Double-click on the Name row or select the row and press <Edit destination™>. Select Key as destination
and press <OK> (see Figure 3.2).

r ~
Edit data destination @Iﬂ—hJ

- @ <None»

[ Sequence type

o

-3 Entry info field
I:l Sequences info field

[ ok || cancal |

[ e

Figure 3.2: The Edit data destination dialog box.

The import rule in the Import rules dialog box is updated.

1.7 Check the option Show advanced options and press the <Edit parsing> button.

1.8 In the Data parsing dialog box, fill in following data parsing string: “[DATA]_*”.

This parsing string will only take into account the text occurring before the first underscore (_). The asterisk
(*) serves as a wildcard, meaning that all characters after the first underscore will be ignored.

1.9 Press the <Preview>> button and press <OK> when the parsing is correct (see Figure 3.3).

Edit data parsing l B —r |

@ Parse component: find the component '[DATA]', use ' as wildcard

) Regular expression: match the expression and use the subexpression

Data parsing string: [DATA]* -
Data decoration: [DATA] -
Preview

Data: Strainl_f

Output: Strainl

| ok || cancal |

Figure 3.3: Data parsing string.

The Import rules dialog box should now look like Figure 3.4.

1.10 Press <Next> and <Finish>.
1.11 Specify a template name, e.g. Import Spa trace files and press <OK>.

1.12 Make sure the newly created template is selected and press the <Preview> button.
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)

Import rules
Select import sources and the database destinations

Source type Source Destination type Destination Parsing Default Rank

Name Entry information

| Edit destination... | [ Edit parsi || Editdefault.. |[ Editranks.. || Sortby destination |

’ Preview... ] ’ Preview selected... ] ’ Remove selected ] ’ Add rule... ] ’ Sort by source ]

Show advanced options

| < Back ” Mext = ] ’ Cancel

Figure 3.4: Import rules.

The preview should now look like Figure 3.5.

=

Key
Strainl
Strainl
Strain2
Strain2
Strain3
Straind
Straind
Straind
Straind
Straind
Straing
StrainG
Strain]
Strain7
Straing
Straing
Straind
Straind
Strainl0

[ I T

Figure 3.5: Preview of the parsing.

1.13 Close the preview.

1.14 Make sure the newly created template is selected, and select the Spa-typing from the Experiment type
list (see Figure 3.6).
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e

Import template
Specify how to import data into the database.

Import templates:

Example import 1 Import Spa trace files
Example import 2
Import Spa trace files
Copy...
Experiment type: Spa-typing w7

Figure 3.6: Import template.

1.15 Press <Next>.

1.16 Press <Next> once more to confirm the creation of 13 new entries (see Figure 3.7).

e

Database links
Link the imported records to database entries.
Double click on a cell to get an overview.

Overview

In "All levels' create 13 entries and [] update 0 entries

@ Overwrite existing assemblies

() Update existing assemblies

Figure 3.7: Database links.

The Processing wizard page opens (see Figure 3.8).

In the Reports panel, the Maximum# of unresolved bases reported can be specified (default value 20).
Likewise, the Maximum # of align inconsistencies reported can be entered (default value 20). Align
inconsistencies are positions where the consensus is resolved, but where one or more sequences are different
from the consensus.

1.17 Press <Trimming settings™> to pop up the Assembly trimming settings dialog box (see Figure 3.9).

Following settings can be specified:
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Import sequence trace files @Iﬂ—hj

Processing
Further processing of the trace files.

Report

Max. number of unresolved bases to report: | Hi]

/| Report align inconsistencies

Max. number of inconsistencies to report: 20

/| Open assembly overview report

Settings
Assembly settings...
Trimming settings...
| < Back H Finish l | Cancel |
Figure 3.8: The Processing wizard page.

Assembly trimming settings for 'Spa-typing’ l B S|

Minimum number of sequences contributing to consensus: It

Trim pattern Tolerance  Offset  Search range
Start: RCAMCAAAA 0 0
Stop:  TAYATGTCGT 0 0
[ OK l | Cancel |

Figure 3.9: The Assembly trimming settings dialog box.

o Minimum # of sequences specifies the minimum number of trace sequences that should contribute to
the subsequence on the consensus that matches the trimming targets. For example, if “2” is entered, a
trimming target will only be set if the matching region on the consensus is fully defined by at least 2
sequences.

e For both the Start position and Stop position, a Trim pattern is displayed. The use of IUPAC code
for ambiguous positions is supported. The Tolerance defines the number of mismatches allowed for
a sequence to be recognized as a trim pattern. With the Offset, one can specify that the consensus is
trimmed at a certain offset from the start and end trimming target positions. If no offset is specified
(zero), the trimming targets are included in the trimmed consensus. With the Search range one can
restrict the search to certain regions on the consensus, e.g. to prevent incidental matches inside the
targeted consensus sequence.

The entered trim patterns will be searched on the consensus sequence in both directions, i.e. on the consensus
as it appears as well as on its complementary strand. In case the trim patterns match the complementary
strand of the consensus, it will be automatically invert-complemented. If the Trim pattern text boxes are
left empty, no preference sense is available.

The trimming patterns specified in the Spa typing settings dialog box (see Figure 1.6) are shown in the Start
pattern and Stop pattern text boxes.

1.18 Leave the predefined settings unaltered and press <OK> to close the trimming dialog box.
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1.19 Press the <Assembly settings> button to call the Assembly settings dialog box (se