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Chapter 1

Starting and setting up BioNumerics

1.1 Introduction

The QIAxcel Advanced System from Qiagen (http://www.qiagen.com) performs fully automated sepa-
ration of DNA and RNA fragments according to their molecular weight.

The QIAxcel ScreenGel software supplied with the QIAxcel Advanced System provides both electrophero-
grams and gel images of the nucleic acid separation and can be used to analyze the size and concentration
of the fragments.

From the QIAxcel ScreenGel software the raw data can be exported as densitometric curves and the analyzed
data as peak tables. These densitometric curves and peak tables can be imported into BioNumerics using
the QIAxcel plugin.

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.qiagen.com
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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 QlAxcel 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 QIAxcel 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.
4.3 Press <Proceed>> (or <Exit>) to close the Plugins dialog box and to continue to the Main window.
4.4 Close and reopen the database to activate the features of the QIAxcel plugin.

4.5 Select File > Import... (4., Ctrl+]) to call the Import dialog box.

Upon installation of the QIAxcel plugin, the Import ScreenGel data import item is activated in the Import
dialog box (see Figure 1.5).

import data

Select the kind of data to import:

@ Entry information data Import QlAxcel ScreenGel data,
[=-== Fingerprint type data both densitormetric curve or
- Import gel file peak table data.
- Import peak table
- Import automated sequencer curves
;
i-=% Character type data
B Sequencetype data
H-"Ba Matrix type data
i1, Trend data type data
-4 Spectrum type data
788 Whole genome maps data
]L' Sequence read sets data
{1 Data exchange

’ Manage import templates ]

[ impot | [ close |

Figure 1.5: Import ScreenGel data menu item in the Import dialog box.

4.6 Close the Import dialog box.



Chapter 2

Importing ScreenGel data

2.1 Supported ScreenGel data formats

BioNumerics supports the import of raw QIAxcel data as densitometric curves and the import of analyzed
data as peak tables.

Densitometric curves can be exported from the QIAxcel ScreenGel software in two formats: as an XML
file or as a CSV file. Both formats contain the same information, but the CSV format is less verbose and
will therefore import a bit faster.

e To export an XML file containing the raw data, check ”XML Raw Data Export” in the Export options.
This will produce a * _Rw.xml file in the default export directory ProgramData \QIAGEN \QIAxcel
\ScreenGel \Data \Export.

e For a CSV file export, select "Rawdata_CSV _export” under ”Additional Output formats” (see Figure
2.1).

@' QlAxeel ScreenGel (= =R |

File Edl View Help

» A IT e

Process  Analysis  Service  Configuration

Experiments Gellmage | Electropherogram | Peak Galing | Reference Marker | Analysis | Report | Peak Galiing | Properties X
& E @A e HEE-: las v = i | selectan ReportExpert Profile

S A2 A5 A4 A5 A AT AD A9 AW AM A% B1 B2z B3 B4 B5 B b7 B3 Dol

¥ C111006079_2011-12-14_12-._ |R1 | E1
1234507800012 =

v Report Options.

Direotory
El.oo‘.‘.o.o.

AGENcetScrssnostbatasso [~ |

‘ POF  [JRTF ‘

et

Options

Display Report [] Print Report
[] use Images s Displayed

Crealed Check peaks, alignm

[ overview
[] sample Detaits

o0 v Export Options

Direotory

IAGENiAsceNScreenenDaiaExpor = |

[ XML Export

XML Raw Data Export
“« >

6 {+ 126
! 1
1> Ans]el 254 min ] indiidust Scaing [ Noise Cutort 0

Image Optians

[ Gel Image Overview
[] Electropherogram Overview

[] use Images as Displayed ‘

[] Single Electropherograms

PeakResult | Peak Caling Resut 1 sample(s) selected

Add 2 comment for this experiment

Figure 2.1: The ScreenGel software.
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Peak tables represent analyzed data: they contain only positions and sizes of called peaks. Peak tables can
be exported from the ScreenGel software as files with the extension *.xdr or *.xdrx.

2.2 The Import tree

2.1 Select File > Import... (4, Ctrl+]) to call the Import dialog box.
2.2 Select Import ScreenGel data under Fingerprint type data and press <Import> button to start with the
import of the data.

If one or more fingerprint types have already been created in the database, the import wizard opens (see
Figure 2.3).

When no fingerprint type experiment is present in the database the Create a default ScreenGel experiment
type dialog box opens (see Figure 2.2).

2.3 Create a ScreenGel experiment type

Import ScreenGel data from QIAGEN's QlAxcel capillary electrophoresis system @Iﬂ—hj

Create a default ScreenGel experiment type
Mo fingerprint experiments were found. A default ScreenGel fingerprint experiment type will
be created. Please provide a name for the fingerprint experiment type.

Experiment name:

Data source: @ Peak tables

Densitometric curves

Select marker from list: - Select Marker - n

Or, assign manually:

Lower marker (1%):

Upper marker (99%): I

[ Mext = l | Cancel |

Figure 2.2: The Create a default ScreenGel experiment type dialog box.

If you want to import Densitometric curves you just need to provide a name for the experiment (Experiment
name). An experiment with an OD range of 100000 points and normalized tracks with a resolution of 2000
points will be created.

If you want to import Peak tables you need to provide a name for the experiment (Experiment name), and
you need to provide the alignment marker that you used in the experiment. You can select this marker from
the drop down list, or fill in the values for the lower and upper marker manually. An experiment will be
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created with the same OD range and normalized tracks as for the densitometric curves. The selected/en-
tered alignment marker will be used to create a reference system with a calibration curve that has a linear
dependence between the lower and upper marker.

2.4 The ScreenGel import wizard

Impaort ScreenGel data from QIAGEN's QlAxcel capillary electrophoresis system lilﬂ—hj

Step 1
Select data source
Please select the kind of ScreenGel data that you want to import.

Peak Table Data (*xdr or *xdrg)

@ Densitometric Curves (*.csv or *xml)

| Browse...

Please select the fingerprint experiment to which you want to link the data.

|Densit0metricCun.res v| | Create default ScreenGel experiment

Check this box if you want to specify your own comma- or tab-separated template file to link
ScreenGel IDs to database entries. If unchecked, Sample Info will be used as database link
information.

Use template

Select template file: Browse

< Bac [ Mext » l | Cancel

Figure 2.3: Step I dialog box.

From the QIAxcel ScreenGel software the raw data can be exported as densitometric curves and the analyzed
data as peak tables. In the first step the file format needs to be selected:

e Densitometric curves can be exported from the QIAxcel ScreenGel software in two formats: as an
XML file or as an CSV file. Both formats contain the same information and can be imported into
BioNumerics (check Densitometric Curves (*.csv or *.xml)) but the CSV format will be imported the
fastest.

e Peak tables with the extension *.xdr and *.xdrx can be imported into BioNumerics when checking the
option Peak Table Data (*.xdr or *xdrx).

From the drop down list, the fingerprint type experiment type should be selected to which you want to link
the data. A new fingerprint type experiment can be created with <Create default ScreenGel experiment>>.
This calls the Create experiment dialog box (see Figure 2.4).

If Densitometric curves is checked you just need to provide a name for the experiment (Experiment name).
An experiment with an OD range of 100000 points and normalized tracks with a resolution of 2000 points
will be created.

If Peak tables is checked, you need to provide a name for the experiment (Experiment name), and you need
to provide the alignment marker that you used in the experiment. You can select this marker from the drop
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.
Create experiment M

Experiment name: |

Select marker from list: ’- Select Marker - ']

Or, assign manually:

Create experiment @I&J Lower marker (1%):

Experiment name: Upper marker (99%):

[ ok || cancal | oKk | [ Ccancel

— %

Figure 2.4: The Create experiment dialog box.

down list, or fill in the values for the lower and upper marker manually. An experiment will be created with
the same OD range and normalized tracks as for the densitometric curves. The selected/entered alignment
marker will be used to create a reference system with a calibration curve that has a linear dependence
between the lower and upper marker.

During the set-up of your ScreenGel experiment, you can choose to add Sample Info in the QIAxcel Screen-
Gel software. This Sample Info gets exported with the XML and CSV files. If you have provided Sample
Info for your curves, this information can be used to link the curves to existing entries in your database. In
the last step of the wizard the corresponding BioNumerics information field can be selected.

If you do not have any Sample Info provided, but want to have control over how the curves get linked to
existing entries, you can use a template file. This is a simple tab- or comma delimited file with two columns
(no headers). The first column should contain the ScreenGel IDs and the second column should contain the
database entry information (see Figure 2.5). In the last step of the wizard the corresponding BioNumerics
information field can be selected.

| Link_information.txt - Notepad — EIEI&J

File Edit Format View Help

£111002222_2012-02-01_1_1_A_1 DEOOOOL -
C111002222_2012-02-01_1 1 A 2 DBEO0OOO2
€111002222_2012-02-01_1 1 A 3 DEOOOO3
C111002222_2012-02-01_1 1 A 4 DEOOOO4
C111002222_2012-02-01_1 1 A 5 DBEOOOOS
C111002222_2012-02-01_1 1 A 6 DBEO0OOOG
C111002222_2012-02-01_1 1 A 7 DBEOOOOT
C111002222_2012-02-01_1 1 A 8 DBEOOOOS
C111002222_2012-02-01_1 1 A 9 DBEOOOOYS
C111002222_2012-02-01_1_1 A 10 DBO0O1O
C111002222_2012-02-01_1_1 A 11 DBOOO11
C111002222_2012-02-01_1_1 A 12 DBO0O12
C111002222_2012-02-01_1 1 B 1 DEOOO13
C111002222_2012-02-01_1_1_|

m

B_2 DEOOO14
C111002222_2012-02-01_1 1 B_3 DBEOOOLS
C111002222_2012-02-01_1 1 B 4 DBEOOOL6
C111002222_2012-02-01_1 1 B_5 DBEOOOLT
€111002222_2012-02-01_1 1 B 6 DEOOOLS
C111002222_2012-02-01_1 1 B 7 DBEOOO19
C111002222_2012-02-01_1 1 B_8 DBE00020
C111002222_2012-02-01_1 1 B 9 DEO0O21
C111002222_2012-02-01_1_1 B_10 DBO0022
C111002222_2012-02-01_1_1 B_11 DBO0O23
C111002222_2012-02-01_1_1 B_12 DBO0024
C111002222_2012-02-01_1 1 ¢ 1 DEDDO25
C111002222_2012-02-01_1.1 C_ 2 DBE00026
C111002222_2012-02-01_1.1 C_3 DEO0OO27

[ |

Figure 2.5: A template file: ScreenGel IDs (left) and database information (right).

If no Sample Info is detected and no template file is selected (for example when importing in an empty
database), the ScreenGel IDs can be imported and stored in an information field selected by the user. In the
last step of the wizard this information field can be selected.

4.1 Browse for the file, select the fingerprint type experiment to which you want to link the data, and option-
ally select a template file. Press <Next>.
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The plugin will read the information present in the selected file(s). If no Sample Info was provided in the
ScreenGel file and no template file was selected, a message box will appear, asking if the ScreenGel IDs
should be imported into the database (see Figure 2.6). When you do not want to link the data to entries in
the database press <No>.

Missing samples l-‘-]

Figure 2.6: No Sample Info detected and no template file selected.

Import ScreenGel data from QIAGEN's QlAxcel capillary electrophoresis system @Iﬂ—hJ

Step 2:
Preview of link between ScreenGel IDs and database link information.

Check this box if you want to have the highest peaks on top.

[T Invert X-axis

Opticnally, change the name of the fingerprint file {(maximum length 60 characters).

C111002222 2012-02-01_Rw_20120201_152844

Results:
ScreenGel IDs Database link information it
111002222 2012-02-0111 A1 DBO001 =
111002222 2012-02-0111 A 2 DBO002
111002222 2012-02-0111 A 3 DBO003
111002222 2012-02-0111 A 4 DBO004
111002222 2012-02-0111 A5 DBO00S
111002222 2012-02-0111 A6 DBO00G
111002222 2012-02-0111 A7 DBO007
111002222 2012-02-0111 A8 DBO00S
111002222 2012-02-0111 A9 DBO009
111002222 2012-02-0111 A 10 DBO010D
111002222 2012-02-0111 A 11 DBO011
111002222 2012-02-0111 A 12 DB0012 -

| <Back | Net> | [ Cancel

Figure 2.7: Step 2 dialog box.

In the second step of the import wizard, you will find a check box to invert the X-axis when importing
Densitometric Curves. Checking this option will show the highest peaks on top (i.e. as is the case in slab
gel electrophoresis).

Optionally, you can also change the name of the fingerprint file to something more meaningful (the default
is a combination of the selected file and a time stamp). The total length of the fingerprint file name cannot
exceed 60 characters.

The first column in the Results panel contains the ScreenGel IDs parsed from the ScreenGel file. The second
column is editable and contains the information that will be imported into the BioNumerics database. If
Samplelnfo was provided with your file, this Samplelnfo is automatically displayed in the second column.
In case a template file was selected, the information of the template file is displayed.

4.2 Click on <Next> to go to the final step.
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Import ScreenGel data from QIAGEN's QlAxcel capillary electrophoresis system l DS
Step 3:
Configure database interaction
Database link field:  [Key P

/| Create new entries
/| Overwrite existing entries

/| Select modified entries

| < Back H Finish l | Cancel | I

Figure 2.8: Step 3 dialog box.

The last step prompts for some final settings (see Figure 2.8):

e Database link field: will link the data based on the information present in this information field. If
entries are already present in the database with the same information, the import routine will link the
data to these entries. If the entries are not yet present in the database, the data will be linked to new
entries in the database (if the option Create new entries is checked).

o Create new entries: will create new entries when the linked information is not found in the database.
e Overwrite existing entries: will overwrite the entry if the entry is already found in the database.

o Select modified entries: will select all entries for which data is imported. This can be useful if you
have a lot of entries already in your database and you want to make e.g. a comparison of only the
entries you just imported.

4.3 Click on <Finish> to start with the import of the data.

The data is imported into the database and linked to the selected fingerprint type experiment.

2.5 Normalization

After import of the densitometric curves, the data still needs to be normalized. For an in depth treatment of
the normalization, we refer to the Reference manual, Chapter Setting up fingerprint type experiments.

5.1 Make sure the Normalization tab is selected in the Fingerprint processing window.

5.2 Select a lane and right click on the lowest peak of the alignment markers.
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5.3 Select Add external reference position.

5.4 A confirmation window will be shown asking if you want to switch to normalized mode. Click <OK>
to confirm.

5.5 Enter the size (in bp) of the smallest alignment marker fragment.

5.6 Repeat this action for the highest peak of the alignment markers.

é The name of the reference position should only contain numerical values.

é The bands of the alignment markers should be the highest and lowest bands of your lane.

5.7 To let the program assign the bands and reference positions automatically, select Normalization > Auto
assign... (_&4), keep Using bands as search method and click <OK> to confirm. The band assignment
can be corrected if necessary.

é The presence of primer dimer pollution on the curves might interfere with the automatic as-
signment of the bands. The Primer dimer polution correction dialog box can be called with
Normalization > Auto assign ScreenGel data (see Figure 2.9).

r o
Primer dimer polution correction @

Discard all values below: ] pixels (value between 0 and 4310)

Discard all values above: 4311 pixels (value between 0 and 4310}

Minimum height factor: 015 (as % of the maximum peak height)

[: QK ] | Cancel |

Figure 2.9: The Primer dimer polution correction dialog box.

A correction can be applied on the curves, discarding all peaks below or above a certain peak height.

5.8 Toggle between the normalized and original view with the menu item Normalization > Show normalized
view (#zz, Shift+N) (see Figure 2.10).

5.9 Switch to the Bands tab and select Bands > Auto search bands (i)). Click on the <Search on all
lanes> button to start the search for bands. The band assignment can be corrected if necessary.

If you have run a ladder lane with your experiment, the bands of the ladder lane can be used as calibration
for the reference system. This will normally be done only once.

5.10 Select the ladder lane and select Bands > Use ladder lane for calibration (see Figure 2.11).

5.11 The fingerprint preprocessing information needs to be saved before creating the calibration curve. Con-
firm by clicking <Yes>.

5.12 If the reference system that is used to process the data already contains a calibration curve, that calibration
curve will be discarded. Confirm by clicking <Yes>.

Select the DNA size marker from the list or manually assign the values to the peaks found in the ladder lane.
If the reference system position names are numbers, they can be optionally used as calibration points. Press
<OK>.

The bands of the ladder lane will now be used for calibration.

5.13 Select File > Save and close the Fingerprint processing window with File > Exit.
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F ™
Fingerprint data of C111002222_2012-02-01_Rw_20120201_152844 133007931 [E=NEEES

B—

File Edit References Mormalization

Q\\. Reference syst...

Image

| et et T e
Densitometric cul...

Fingerprint type: DensitometricCurves ~ Curves (x0.25)

Figure 2.10: View of the imported ScreenGel after normalization.

5.14 Double-click on the experiment in the Experiment types panel of the Main window.

The reference system is displayed in the Reference systems panel of the Fingerprint type window.

5.15 Double-click on reference system in the Reference systems panel to call the Fingerprint Reference system

window.

If a ladder lane was used for calibration (see Figure 2.11), the metrics and run lengths of the bands of the
ladder lane are plotted and a cubic spline (default) is fitted through these points.
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i Fingerprint data of 111002222 2012-02-01_Rw_20120201_152844 13300
I
File Edit I Bands | Quantification

=[] Add new band ENTER

Q Fimage Delete selected band(s) FDensitometric curve

m Auto search bands

Use ladder lane for calibration...

Mark bandi(s) as uncertain
Mark band(s) as certain

< I

| Fingerprint type: DensitemetricCurves = Curves (x0.23) | Band pos: RAW: 17422 NORM: 41.294785% (15 bands)

Figure 2.11: Use the bands of the ladder lane as calibration for the reference system.
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Figure 2.12: The Assign values to peaks of ladder lane dialog box: Select the DNA size
marker or assign the values manually.
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Chapter 3

Analyzing ScreenGel data

Some useful features in the context of ScreenGel data analysis will be highlighted in this chapter. More
detailed information about the fingerprint analysis possibilities in the software can be found in the Reference
manual, Chapter Setting up fingerprint type experiments.

3.1 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).

3.2 The Comparison window

2.1 Make a selection in the Database entries panel.

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.

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 fingerprint experiment name in the Experiments panel to display the patterns
in the Experiment data panel.

2.5 Press |iLii, to show the band positions in the Experiment data panel.

3.3 Cluster analysis

3.1 In the Experiments panel of the Comparison window, make sure the correct fingerprint type experiment
is selected.
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3.2 Select Clustering > Calculate > Cluster analysis (similarity matrix)....

The coefficients are subdivided in two categories: Curve based and Band based. The curve based coef-
ficients calculate the similarities based upon the densitometric curves; the binary coefficients measure the
similarity based upon common and different bands.

3.3 Select a similarity coefficient from the list and press <Next>.

3.4 In the second step, choose a clustering method (e.g. UPGMA) and press <Finish>.
When finished, the dendrogram and the similarity matrix are shown in the Comparison window.
3.5 Select File > Save (&, Ctrl+S) to save the comparison.

All calculations done on the data is stored along. This includes similarity matrices in all experiment types
where they have been calculated and any dendrogram that has been calculated.

3.6 Enter a name, e.g. “MyComp” and press <OK>.
3.7 Close the comparison with File > Exit. The comparison MyComp is listed in the Comparisons panel of
the Main window.

3.8 To open an existing comparison, highlight the comparison in the Comparisons panel and select Edit >
Open highlighted object... (&, Enter). Alternatively, just double-click on the comparison name.

More information about the clustering of fingerprint data can be found in the Reference manual, Chapter
Cluster analysis of fingerprints.
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