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1 Introduction

Welcome to use the Genorama® Genotyping Software™
4.5, a microarray image analysis software specifically
designed for genotyping by Arrayed Primer Extension
(APEX). This is a high-throughput genotyping method
combining  both  high information content of
oligonucleotide microarray and reliability of a genotyping
method, based on single base primer extension. Our
software is compatible with microarray images from
primer extension assays combined with single, dual or
four-colour detection.

The analysis using images from an APEX assay is
performed as follows: four image files with signals from
different dye terminators are opened. A grid is set up
over the microarray**. The signals on the images are
identified and quantified. The signal intensities on the
same location (spot) are compared between different
images and the base calls are made.

Genorama® Genotyping Software™ 4.5 contains two
main utilities: BaseCaller™ for analysis of one sample at
a time and PicDB™ for simultaneous analysis of multiple
images by the same address.

* For more information on APEX method, please visit our
homepage at http://www.genorama.com/

** Whenever multiple grids are located on the same
image, they must be set up and analyzed separately

References:

Kurg A, et al.. Arrayed Primer Extension: Solid phase
four-color DNA resequencing and mutation detection
technology. Genetic Testing 2000, 4(1):1-7

Tonisson N, et al. Evaluating the arrayed primer
extension resequencing assay of TP53 tumor suppressor
gene. Proc Natl Acad Sci USA 2002; 99(8):5503-8

BaseCaller™ PicDB™ Genorama® Converter™
Main program for analysis by single Main program by parallel analysis of Converts tab delimited txt tables and
sample and to save image to database multiple samples. 20-space blocks into Genorama
for analysis by PicDB™. reference tables (array positions with
expected basecalls).

BaseCaller FicDB

1.1 About This Manual

The Genorama® Genotyping Software™ 4.5 User Guide
provides detailed information about the tools and
commands available. This manual is designed to be used
as a reference tool in your everyday work with the
Genorama® Genotyping Software™ 4.5.

This manual assumes you have a working knowledge of
your operating system and its conventions, including
how to use a mouse and standard menus and
commands, and how to open, save, and close files. For

Genorama
Converter

help with any of those techniques, please see your
Microsoft Windows® documentation.

The manual is in PDF format. You can display the
manual on your computer screen and print it out, if
required. To access the manual you need to install the
Adobe” Acrobat® Reader™ (http://www.acrobat.com/).
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1.2 System Requirements

To use the Genorama® Genotyping Software™ 4.5 you
need the following hardware and software:

e An Intel® Pentium® - class or faster processor
(Pentium IV with 1GHz CPU or better

recommended)
e  Microsoft Windows XP or later only.

1.3 New in This Version

The new features in Genorama® Genotyping Software™ 4.5 are:
Genorama® BaseCaller™ 4.5 module

- New automatic grid placement module for image
segmentation. After four clicks in the grid corner marks

the software automatically locates signals and places

grids on the four images.

- Genorama results window includes also PicDB section

- The field of notes and reference has unlimited
characters space.

1.4 For Additional Information

e At least 128 megabytes (MB) of random-access
memory (RAM) (512 MB recommended).

e A video card displaying minimum of 1024 x 768
pixels of desktop area.

Genorama® Genotyping Software™ 4.5 performance

improves with faster versions of PC, more RAM, fast and
large hard disk drives.

PicDB™ 4.5 module

- 2D clustering for automated genotyping is fully
functional and linked with basecalls

- Both programs contain bug fixes for the older versions.
- The field of notes and reference has unlimited

characters space.

Note: Microsoft Windows® XP is the recommended OS
with Genorama® Genotyping Software™ 4.5

Additional information about the software can be found in the following:

1. Web Site - http://www.genorama.com/
2. Sales Support by e-mail - info@genorama.com
3. Technical Support by e-mail - techsupport@genorama.com




Genorama® Genotyping Software ™ 4.5

1.5 Image Analysis Process

Define Grid Properties

\4

Open Image
Define oligo position on A4
grid in I_VIS Excel Adjust Brightness
(optional) (optional)

: ]

Convert the table to txt - -
format (optional) Grid Set-up

!

Convert the txt - file to Scan Images Save to Image database
grf format (optional)

' ! !

Open Results Open PicDB™ database and
scan images

\ Load Reference and Jv’

Notes file Load Reference file and
Notes file

Reference file

A 4
A 4

Analyze by single
samples Analyse by SNP-s or
mutations

A4

\ 4
Save results

A 4
Save results

BaseCaller™
PicDB™
Genorama® Converter™

Figure 1. Image Analysis Process
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2 BaseCaller™
2.1 Main Window

jﬂBaseEaller - Genorama Genotyring Software 4.5
File Zoom Brightnesz RBesultz “5ave to PicDE  Toolz

Menu Bar

Help

Figure 2. Genorama® BaseCaller™ Main Window

Toolbar

UTTONS
Open Images

A image
C image
G image
T image

Grid Setup

Scanning

Results

Move Image

Options panel

Loupe

Zoom In

Zoom Out

Brightness

Panorama
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2.2 Working with Images

BaseCaller™ works with images saved in TIFF file format
(Tagged-Image File Format). 12 or 16 bit digital APEX
microarray images can be acquired with Genorama®

2.2.1 0pening Images

=

_| Choose Open image files from File menu or click
on the Open button on the toolbar. After adjusting Grid
properties (See also section 2.2.1) the Open image files
dialog box (See Figure 3.) appears.

QuattroImager or with other microarray imaging
systems.

BaseCaller™ lets you open up to four image files. To
select and change image files click the Browse button.

Note: If you select a file with A, C, G or T in the end of
the file name (e.g heart,056A.tif), BaseCaller™
automatically searches for and selects the other three
images.

—Selected files

E ||:;hh-1_|,| DocumentshGenoramahtesth11000a.

[v  Browse |

. ||:;hh-1_|,| DocumentshGenoramahtesth 11 000c.

v Browse I

E ||:;hh-1_|,| DocumentshGenoramahtesth 110009,k

v Browse I

||:;hh-1_|,| DocumentshGenoramahtesth 110000,

[v  Browse I

Faotate all

— Show images with brightniezs

D ‘ ’ [
] 1 y|  Auto = Counterclockwize
0 4 3 ;I
] 1 L4 I 0 =
— Color palette
{* Grayscale = Plazma Open
" Rainbow " Green o Bed LCancel

Figure 3. Open image files dialog box

With the Open command you can also adjust image
brightness, rotate images and select image palette.
Default settings are memorized from the last images
opened.
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2.2.2 Adjusting Image Brightness

III Green to Red
IV Grayscale

I Rainbow
II Plasma

Figure 4. Different colour palettes

Using the Brightness command is the simplest way to
adjust appearance of your image. You can change
images’ brightness and select palette.

10

Choose the Brightness command or click the
Brightness icon on the toolbar.

Note: None of the changes have a permanent effect on
your image files.

To adjust images’ brightness do one of the
following:
. Drag the sliders to adjust the brightness.
e Click the Auto button to set the overall
brightness of images to the optimal level.

To rotate images do the following:
e Select 90 degrees and CW to rotate clockwise
by a quarter-turn.
e Select 90 degrees and CCW to rotate counter-
clockwise by a quarter-turn.
e  Select 180 to rotate by a half-turn.

To select image palette do the following:

. Click the Grayscale, Plasma, Rainbow or
Green to Red radio button to select image
palette. Different image palettes (See Figure
4.) are for better visual identification and do
not affect the results.

2.2.3 Magnifying and Reducing The View

You can magnify or reduce your view using various
methods.

2.2.4Using The Loupe Tool

The loupe tool lets you see the parts of the image in
detailed view without magnifying the whole image.

E
E To use the Loupe tool do the following:
e Choose Loupe from Tools menu or click the
Loupe icon on the toolbar. The loupe window
(See Figure 5.) appears.
. Move mouse around the image to see the
detailed view inside the loupe window

10

To zoom in do one of the following:
e Click the Zoom in button on the toolbar.
e  Select exact percentage from the Zoom menu.

To zoom out do one of the following:
. Click the Zoom out button on the toolbar.
e  Select exact percentage from the Zoom menu.

File Wiew

Figure 5. Loupe window
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2.2.5Using The Panorama Tool

The panorama tool shows your location on image and lets
you move fast from one location to another

Panorama

To Use the Panorama tool do the following
e Choose Panorama from Tools menu or click the
Panorama icon on the toolbar. The panorama
window (See Figure 6.) shows your exact location
on image
e To move from one location to another click on the
exact location on image.

Figure 6. Panorama window

11
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A

Grid and technical block prap

— Grid size Cell recunrence —
Haorizontal Columns
72 = 2=
Wertical Rowws
62 = [z =
— Technizal block size
Haorizontal
B =
_ From file
Wertical
18 ﬁ Save

Figure 7A. Grid properties window

B
Grid 72H62
Sub-grids

Select sub-grid

S

2

.| >
| &

&

Zoom in

Flokate CCWwS

Zoom oLt

Ratate Chws

[v¥ Move grids sirmulkaneously

Step value | 1 ;l;l
— Horizonkal Wertical

Squeeze | Soueeze |

widen | widen |

Automatic grid setup

Gridz from last zeszion

Scan images

MHext image

Figure 7B. Grid setup window

2.3 Setting Up Grids
2.3.1Setting Grid Properties

In BaseCaller™ you set grid dimensions and grid cell recurrence immediately
after the images are opened (See Figure 7A). Grid dimensions give the number
of columns and rows of the grid. Grid Cell recurrence sets the number of
identical neighbouring spots for the same oligonucleotide in the array. Technical
block size sets the number of spots on array printed with a single pin. This
allows correcting minor array deformations due to differences between the pins
used for microarray printing.

Grid dimensions must fit the pattern of spots on the image.

To set up grid properties do one of the following:

Adjust the Grid size, Grid Cell recurrence and

Technical block values to fit your image, click OK and proceed with grid setup
(See also section 2.3.2).

To change grid properties do the following:
e Choose Grid properties from Tools menu. The Grid properties dialog
box appears.
e Adjust the Grid size, Grid Cell recurrence and Technical block values
to fit your image and click OK.

2.3.2Setting Up Grids Automatically

To analyze the images a grid must be set up over the array area. The Grid tool
lets you to segmentate the signals from regular array.

an

=]

ﬂﬂﬁ Choose Grid setup from Tools menu or click the Grid setup icon on the
toolbar. Grid setup window appears (See Figure 7.).

Grid dimensions must fit the pattern of spots on the image. If you have set
incorrect grid dimensions during the load time you have to correct them before
setting up grids.

Click the Automatic grid setup button in the grid setup window. Select all four
corners of the array. BaseCaller™ automatically checks the presence of signals
on the selected positions and automatically places grid over the image.

After selecting four corners on array the program prompts you to confirm the
technical block size. Select Automatic setup if you don't know the technical
block size values. The program will automatically select values to compensate
the array irregularities. Select Manual setup if you wish to set up the grids
manually.

Note: Use the arrow buttons to scroll the view if necessary.

2.3.3 Setting Up Grids from last session

Grids from last session uses the grid size and location parameters from the last
time the image was analyzed.

Click the Grids from last session button in the setup window. Grid appears on
the image. Check grid size and location in each channel. Click the Next image
button after each completed image.

Note: It is very important to set up grids correctly. Incorrect grid set-up affect
signal quantification and can produce incorrect results.

12
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2.3.4 Adjusting Grid Size and Location

BaseCaller™ lets you to adjust grid size and location using several tools. Use them if signals are not located in the centre
of the grid cells.

Arrow buttons Use the arrow buttons to adjust the grid location.
If the Image radio button is selected, you can scroll the view using the same arrow buttons.

Zoom buttons Use the zoom buttons to magnify or reduce the view.
Rotate buttons Use the Rotate CW button to rotate grid clockwise.

Use the Rotate CCW button to rotate grid anticlockwise.

Squeeze/Widen buttons Use the Squeeze button to reduce grid size.
Use the Widen button to increase grid size.

Step value indicates the distance of grid movement in pixels each time an arrow button is clicked.

2.3.5Setting Sub-Grids Manually

The sub-grid tool lets you manually divide the grid into sections.
Use this tool to adjust each section separately, if your images have
irregular spotting pattern, which is not corrected, by automatic grid
placement.

To set up sub-grids do the following:

e  Click the Sub-grid menu from the Grid setup window. The
Sub-grid selection window appears (See Figure 8.).

e If you want to set up or change sub-grids, click the Divide
button.

Vertical/Horizontal lines - Select Vertical radio button to draw
vertical lines or Horizontal radio button to draw horizontal lines.

Up/down Left/Right buttons - Use those buttons to move line

up/down or left/right by one step. Select parts
Cancel button - Click the Cancel button to discard your changes. O vinaldnes s
 Hogmawaider ————————
Reset button - Click the Reset button to remove all sub-grids. Lancs!
Fa | After —_—
OK button - Click the OK button to confirm your selection. To S | 24 Hesat
specify a part of grid to be adjusted, click on screen and the
selected area become highlighted. o _
[jwide | Exit

When you exit the part selection window the selected part remains
highlighted in the main grid setup window. Now grid adjustments
will be applied to the highlighted part of the grid.
PP gntie P g Figure 8. Sub-grid selection window
To select a subgrid on the BaseCaller™ main window:
e Click Select sub-grid on Grid setup window (see Figure
7B). The Grid setup window will be temporarily closed.
e Click on the subgrid to be selected on BaseCaller™ main
window.

13
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2.4 Creating and Opening Image Database

Image database is useful for retaining and comparing
images, especially for single nucleotide polymorphism
genotyping. Image database lets you open one position
from each image and compare them across the database
using Genorama® Genotyping Software™ 4.2.9 PicDB™
program (See also section 3.1).

To create a new image database do the following:
¢ Click the Save to PicDB™ menu.
e Change image database folder, if necessary.
e Type the sample name in the textbox and
e Click OK.

14

To save images to the database do the following:
¢ Click the Save to PicDB™ menu.
e  Select your image database folder.
e Type the sample name in the textbox and
e Click OK.

NOTE: A new image database name is composed from
grid dimension values. For example if your grid has 20
horizontal and 6 vertical cells the image database
name is 20x6_1p.mdb. Additional databases-
20x6_2p.mdb, 20x6_3p.mdb will be automatically
created if a large number of images will be stored for
the same grid size.
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2.5 Scanning Images

detection options. Choose Options from Tools Menu or

First you must adjust image scanning and signal

click the Options button on the toolbar. The options
window appears (See Figure 9.)

2.5.1 Specifying Image Scanning Options

Choose between 2 signal detection algorithms:

e Cluster Analysis detects signal as the bright
group of pixels (the only recommended option
for 16 bit images)

e  Gaussian Approximation finds signals according
to geometrical distribution of intense pixels.

Valid diameter signals only - Use this option to
eliminate small signals, probably artifacts.

Geometry Control - Use this option to eliminate
signals that differ significantly from perfect circle,
probably artifacts

Local background subtraction - Use this option to
subtract the value of the background around the spot
from the integrated volume of pixel intensities used for
calculation of the signal intensity value.

Sensitivity - Use a sensitivity threshold to eliminate low
intensity signals

0% - only signals with high intensity are counted

100% - all found signals are counted and quantified

] p tions

Floating cells - Use this option for better recognition of
the signals, which are not in the middle of the cell but
are located on the border of the grid cell. BaseCaller™
searches area around the cell and automatically aligns
the area for quantification according to the signal
location. The area for this search is defined by the
extent of border %.
0% - the actual cells within their visible border
will be scanned.
30% - the actual cell plus area around the cell,
30% larger than the original cell, will be
scanned. This improves signal recognition on
arrays with moderately distorted columns and
lines.

Show Floating Cells - Use this option to visualize the
actual scanning alignment of cells.

Note: there are also options for blue cells, which are
useful in results window (See also section 2.6)

Seanning | Blue Cells |

Sighal detection Senzitivity
£ Cluster analysis
[ Floating cells

Border [%]

" Gaussian approsim,

v alid diam. signalz anly

v Geometry contral v Sensitivity control

[~ Show flioating cells

F

0 -l ... 100 - hight [Z]|1|:||:| ;I

]

W Local bekgr. subtraction

Ok

Figure 9. The Options window.

15
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g

|

ﬂﬁ When scanning options are specified, choose Scanning from Tools menu or click
the Scanning button on the toolbar or click the Scan images button in the Grid setup
window. The Image Scanning window (See Figure 10.) appears.

2.5.2Scanning Multiple Images

Click the Scan all images button to scan all images with the same scanning and
signal detecting options.

Click the Scan current image to scan only one image at a time. This tool lets you
specify different image scanning and signal detecting options for each image.

2.5.3 Eliminating Quantification of Weak Signals

When images are scanned and all signals are found, there may still be weak et |
signals that may affect basecalls. Intensity threshold tool is used for eliminating
these weak signals.

Use Intensity threshold tool as follows:
e Scan at least one image first.

e Click Set. The Intensity threshold window (See Figure 11.) appears. acan all images
e Choose a set of weak nonspecific signals by clicking on image to assign
the threshold according to their maximum or mean intensity.

— Intenzity threghold

Current value | 0

CTar-c G T

Scan cument image

Exit

e  Select, which images from A, C, G and T will be affected by the threshold

set and the signals scan images again.

Intensity Threshold

Figure 10. The Image Scanning
window.

C
C
C -
C
C
C

- 34
- 45
45
- 45,
- 45,

Intens:
Intens:
Intens:
Intens:
Intens:

00 [LEVIT R T R L I

Intens:

Count I 10 Ok
Threshu:ulu:ll 4

= Max & Mean Fleset

Figure 11. The Intensity Threshold window.

2.5.4Visualising Signal Pixels

To visualize signal pixels of and view various pixel
statistics press Ctrl and click on the scanned signal.

The signal- and background pixels with their parameters

window (See Figure 12.) appears.

16

Address: 20.31 ]

} Cloze

Figure 12. The signal- and background pixels with their
parameters window
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2.6 Sequence Analysis And Genotyping In Results Window

To open the Results window choose the Results menu
on menu bar or click the Results button on toolbar. The
Results window (See Figure 13.) appears.

The Results window gives you tools for performing
APEX-based genotyping. BaseCaller™ supplies you with
signal intensity values for each channel and preliminary
basecalls in a 2D spreadsheet according to the intensity
of each primer position in APEX microarray. You can add

Selected cell

Results. ) Astra’, D4 USHER \HO103 260106’ 0505320,000 Real values

Settings A C G T Basecalls MNormalisglion Chart Reference Motes

notes, view detailed signal and reference information for
a particular base or view a base pair if oligonucleotides

for both DNA strands were arrayed.

(For more

information about APEX-based genotyping please read:

“APEX - Arrayed Primer Extension”,
http://www.genorama.com).
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Figure 13. The results window
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2.6.11Identifying and Accepting Signal Values for Each Channel

Click the A, C, G or T menu to view signal values for
each channel. There is a separate table for each channel.

The light blue cells show a possibility of an artifact: a
signal has been identified, but it is not confirmed by a
repeat of the same spot. This may happen if the same
oligonucleotide is printed on the slide in duplicate (See
also section 2.7.2).

As a tracking feature, already inspected cells have a
darker background.

To identify and accept signal values do the
following:

e Click a cell to select it or press the space key
on the keyboard to see the images
corresponding to particular signal.

e Verify signals visually (See Figure 15.).

e To select the next light blue cell press the Z
key

Genorama® BaseCaller™ and PicDB™ permit for
filtering against known false-positive signals in
microarray.

To use the filter do as follows:

e Open or create a new Notes file. Add excl N
or exclude N to the end of the note for the
particular microarray position. N is the image
(A, G, C or T) where quantitation is not
required.

2.6.2 Genotyping Results in Base Calls Table

Click the Base Calls menu of the results window (See
Figure 13.) to view base calls table. Base calls table is
the main tool for sequencing and genotyping results
according to the Arrayed Primer Extension (APEX)
microarray.

Light blue cells in the table show that this position needs
to be verified visually (See Figure 13.).

Already inspected cells have a darker background.
Exclamation mark (!) is used if the given base and the

Genorama® reference file with expected base calls do
not match (See section 2.6.5).

To edit base calls table do the following:

e Click a cell to select it or press the space key
on the keyboard to see the images
corresponding to particular base call.

e  Press the Enter key on the keyboard to correct
values.

To compare the results with other samples:
e Click to the button Open PicDB
e  Select the position in base calls table
e  Click to the button Show.

You can reset all the changes you have made in base
calls table or you can load saved base calls table.

2.6.3Identifying Signals in Detailed View Window

To identify Signals in Detailed View Window of
selected cell:
. Double-click on any of the four signal windows
every pixel is one block and its height depends
on signal intensity.

In detailed view you can view image with different palette
and brightness values. Different image palettes are for
better visual identification and do not affect the results.

The Zoom tool lets you view the signal from front and
back view or adjust the scale for signal intensities.

Use those tools to identify visually complex or faint
signals.
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Figure 14. Detailed view of selected cell
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Signal intensity
of the position

Info from
Reference file

Info from Notes
file

+ J045ze G Load
UD45a: T C Refer

notes sense +
notes antizense

{+ Rainbow Brightness
" Grayscale —

Filter
Dpen PicDB Show |

Average
Signal intensity
of the sample

Location of PicDB
database

Figure 15. Part of results window.

2.6.4Using Notes

Use Notes tool to store comments or performance of
particular array cells such as possible unspecific signals.

To edit notes table do one of the following:

e Click the Notes menu to open notes table.

e Click a cell to select it or press the space key
on the keyboard.

. Press the Enter key on the keyboard to enter
new value.

e Click the Notes window on the lower left
corner of the Results window and enter new
value.

2.6.5Using Reference

To edit reference table do the following:

e Click Reference menu to open reference table.

e Click a cell to select.

e Press the Enter key on the keyboard to enter
new value.

e Two last symbols if these consist of A, C, G or
T, will be used for comparing with the sample
basecall. The other symbols may indicate the
gene, base position in the sequence, SNP ID
and DNA strand (se and s - sense, as -
antisense), for example:

TP53 12139se CG
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Load
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The same position of other samples within
selected PicDB database

To undo changes in notes table do one of the
following:
e Choose Reset notes from Settings menu to
undo all changes you have made.
e To open saved notes table click to the button
Load Notes.

Notes file permits for filtering against known false-
positive signals in microarray (see also section 2.6.1).

Note: The notes made will be saved with grn file
extension

To undo changes in reference table do one of the
following:
e Choose Reset reference from Settings menu to
undo all changes you have made.
e Choose Reference table from Load menu to
open saved reference table.

Note: The reference file will be saved with grf file
extension
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2.7 Signal Normalization and Results Window Settings

By default, signals are compared according to their actual
values from microarray quantification (real values).
However, the scale and intensity distribution of signals
may differ between the different microarray images
corresponding to different fluorescence channels. These
differences are reduced by different normalization
methods.
To specify signal normalization method do the
following:

e Click the Normalization menu on the Results

window (See Figure 13.).

By the signal maximum value The few most intense
signals in each image will be wused for Ilinear
normalization.

The software includes two empirical data normalization
algorithms:

By weakest nucleotide 100 most intense signals from
each of the images are selected as a reference for
comparison. The average values for this set of signals
are compared and all signals from three images (except
the one with the smallest average value) will be divided
with the variable from the comparison of 100 most
intense signals.

By distribution of signals This assumes that the signal
intensity histograms must be equal between different
images. All signals from each image are ranged ( 1%,
2nd, 3 etc.). Signals with the same number in the
sequence are compared and the more intense signal
values adjusted to the level of the signal value from the
weakest image (e.g the second strongest signal from A,
C and T images must have the same value as the second
strongest from G image, etc.).

2.7.1Visualizing Results With Spectra and Graphs

Click the Chart menu on the Results window (See Figure
13.)

To visualize results click one of the
following buttons:

Histogram of intensities Use this tool to see the
number of signals corresponding to different signal
intensities.

Histogram of distances Use this tool to view
distribution of distance measure used for comparison with
wild-type reference DNA.

Number of clusters Use this tool to view the number of
data clusters per microarray position (per given APEX
oligonucleotide). The graph illustrates the reproducibility
of signal patterns with a wild-type reference DNA if this is
used for comparison with the analyzed sample.

Distance from clusters Use this tool to visualize
distances (differences) from the reference dataset (See
Figure 16.). The positions with zero distance have a
perfect match with the analyzed sample. The bigger the
value of distance measure is the bigger is the probability
of mutation.

Clarity of signals Use this tool to show positions with
multiple secondary signals in case of otherwise
homozygous samples (summarizes signal values between
0 and 100%). The graph is useful when determining the
reaction specificity, but is not informative with a chip
showing many heterozygous positions. The scale is shown
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2.7.2Specifying Base Calls Table Options

Use the base calls table options to specify when cells are
shown with a light blue background. The blue cells
indicate the possibility of an artifact in microarray
images (according to the selectable criteria in Options
— Blue Cells panel) and prompt user to analyze the
address manually.

To assign Blue Cells in BaseCaller™ main window
and results window:
e In BaseCaller™ main window choose Options
from Tools menu
. In Results window choose Blue Cells from
Settings menu

 Single signals above the minimum level of
secondary signals Use this option to check all
cells where both recurrent signals and weaker
single signals are found.

. Possible errors or artefacts (marked as '!" )
Use this option to check all cells, which do not
match the reference table and may indicate
mutations.

e Missing signals (marked as .’ ) Use this
option to check the cells where no signals are
identified.

21

¢ Exceeding distance from clusters Use this
option to check all cells, which do not match the
clustered signal patterns from the reference
sample.

. Sense/anti-sense non-conformities Use this
option to check all cells where the signals from
sense strand do not match the signals from
antisense strand. *

* Note: It is assumed that both strands give signals
complementary to each other. This is the situation with
typical oligonucleotides for APEX, but not with allele
specific ologonucleotides (ASO).
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2.8 Saving and Exporting Results

Genorama® lets you save and export signal and base
calls tables, reference and notes table.

To save signal tables do the following:
. Choose Four tables: A, C, G, T from Save
menu

To save base calls table do the following:
. Choose Current table from Save menu with
base calls window active

To save reference table do the following:
. Click the Reference menu.
. Choose Current table from Save menu.

To save notes table do the following:
. Choose Notes table from Save menu
. Save Current table as Notes table

To save full signal statistics do the following:

e Choose Save full signal statistics from Tools
menu of BaseCaller™ Main window. Save
window appears. Select the folder, appropriate
filename and proceed with signal scanning.

To export signal tables do one of the following:
e  Choose Current table from Excel menu.
e Choose Signal tables as column from Excel
menu.

To export base call table do one of the following:
. Choose Current table from Excel menu.
e Choose Base call table as string from Excel
menu.
. Choose Base call table as column from Excel
menu.

To export reference table do the following:
. Click the Reference menu.
. Choose Current table from Excel menu.

To export notes table do the following:
. Click the Notes menu.
. Choose Current table from Excel menu.

Note: If untracked blue cells are exported, question
marks appear in the cells.

2.8.1 About File Formats for Signal values, Basecalls and Notes

BaseCaller™ results are presented in table format and
can be saved in many formats:
e Signal intensity tables (Genorama® results
table, *.grs; full signal statistics table *.txt)
e Text table (Genorama® base calls, *.grb)
e Table of notes (Genorama® notes, *.grn).

All the results can be exported to MS Excel in various
selected formats.

Full signal statistics table (See Figure 17.) contains
information on image, address, signal intensity value,
signal pixels (S_mean, min, max), local background
pixels (B_mean, min, max), signal area in pixels
(S_area), diagnostic comment if the signal is not found,
Notes and Reference file.

For information on diagnostic comments, please contact
Asper tech support.

Examples of the comments: W3-very low intensity of the
possible signal, C3-very low number of possible signal
pixels.

A, B [ D E F G H | d K L 1
1 |Image Address Intensity S_mean S_min S_max B_mean B_min B_max S_area Comment MNotes_file Fef file
2 A 1.1 g 14 11 22 g 1 10 20 M
3 A 1.2 10 17 9 25 G 1 12 25
4 1A 1.3 15 23 15 35 G 1 15 25 A
a A 1.4 13 27 14 45 7 1 13 28
B A 1.5 2 7 A 9 4 a g 25 G
7A 1.6 1 B 4 9 4 1 g 24 W3
g A 1.7 1 5] g 9 4 a 7 8 W3 11687 A
9 A 1.8 a a 1] 1] 1] a a acs

Figure 17. Full signal statistics table.
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3 PicDB™

3.1 Working with PicDB™ Image Database

You can create the database of APEX images
corresponding to each cell on the grid by using the
BaseCaller™ program. PicDB™ lets you to compare all
the array positions at all images. The images can be
analyzed visually or with different quantitative formats.

34G12124121205,80170_1p.mdb

HAPicDB - Genorama Genotyping Software 4.5 %)\Astra’

Note: According to signal intensities from four different
channels, all images corresponding to same address
are shown in two scatter plots, for sense and antisense
strands.

=181

Sense

1178456 80:70_1p.mdb
11784asC 25 [1 deleted] samples

=

& By Flef
-

o

R R R R R
SO0 FEE
LS

Antizense
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T A-C

CRCRC R EE
DOOFEE
L
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8057 0ag.mdb
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" G~ . T
+ Rainbow palette
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Test for senseantisense
F conformity
Reset BC Clase
Scale

Bit |
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Figure 18. PicDB™ image database analysis program main and base calls windows
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3.1.10pening Image Database

To open image database:
e Choose Load image database from File menu. .

Image databases are automatically named according to
their grid dimension values. For example if your grid has
20 horizontal and six vertical cells, the image database
name is 20x6_1.mdb. Databases exceeding 500MB will
be automatically split by the software (20x6_1.mdb,

3.1.2Determining Image Address

To specify sample position from the database:
Drag the Address: Row. Col. sliders

Vertical slider changes row address and horizontal slider
changes column address.

Z and X keys set focus on vertical and horizontal sliders
and the address may be changed by pressing respective
arrow key.

20x6_2.mdb, etc.). User will still be able to open all the
data simultaneously by opening just the first file
20x6_1.mdb. (See also section 2.4)

20x70_1p.mdb
28 [1 deleted)] zamples

Filter

Results:
A0x70ag.mdb

Show images

Baze callz/duto scan

- Addrezs: Raw.Col

[ 551

Brightneszs

- 1| I PI

f+ Rainbow palstte
= Plazma palette

= Grayscale
" Green to Red

[ Image filker

—5Scale

{~ Relative by image
{* Rielative by zample
{~ Relative by address

i Absolute hBITt il

Figure 19. PicDB™ main window

toolbar.

3.1.3 Adjusting Image Brightness
Using brightness command is the simplest way to adjust appearance of your samples.

Click the Show/Scan images button on PicDB™ main window toolbar (See Figure 19.)
to view image database in determined position. All positions from different images are
visualised and automatically scanned. Also, there are histograms and automatic base
calls.

To adjust image brightness do the following:
o Drag the Brightness slider right to increase samples brightness level.
e Drag the Brightness slider left to decrease samples brightness level.
e Click the Show/Scan images button to view samples with new brightness
level.

3.1.4Choosing Image Palette

PicDB™ lets you view images with Rainbow, Plasma or Grayscale palette (See also
Figure 4.). Different image palettes are for better visual identification and do not affect
the results.

To change image palette do the following:
e Click the Rainbow, Plasma or Grayscale radio button.
e Click the Show/Scan images button to view samples with new image
palette.

3.1.5Scaling Images
Use this option to specify the visualized scale of the microarray images.

Absolute This scale corresponds to the actual scale of TIFF images. Use this option to
see if any saturated signals exist.

Relative by image This scale shows all signals independent on their intensities. This is
the recommended visualization option for routine analysis.

Relative by sample This scale corresponds to the minimum and maximum intensities
of the whole sample. Use this option to compare the signal intensities between A, C, G
and T images.

Relative by address This scale corresponds to the minimum and maximum intensities
of the whole image database. Use this option to compare the signal intensities between
different samples.
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3.1.6 Changing Image Scanning Options

To change scanning options do the following: To view samples with new image scaling and adjusted
. Click Options menu on menu bar, the scanning options:
options table appears. Mostly the options are the . Click the Show/Scan images button.

same as in BaseCaller™ (See section 2.5.1), there

are few PIB™ specific scanning optons: options

Show red-green corners use this option to Scaniing I Clustering |
visualize found signals. All the green ones are found Signal detection _ .
signals and red ones are not. Sensitivity I'IEIEI j
Recurrent signals only This option affects the ¥ Cluster analysis 0-low ... 100 - khigh 2
results if there are some missing signals. If one of ) ) Lol bk, subinsi
the two recurrent signals is missing, then it won't be " Gaussian approxim. [ Sh d-g-
considered as true signal. This option affects signal " R Sl E[LEET ':':'";E'_S | |
intensities, histograms, basecalls and graphs. e A £ v Recurent [duplicate] signals only
’ ’ v i|ntenzity controk

I_ Ry CR=EIE |_ ze Exclude’ |:I_|,| Mates
Min. level of secondary signals for basecalling ¥ Geometry contral % flways flag 1 on bazecalls table
Use this option to check all positions where both " Evclude from basecalls table
recurrent signals and weaker single signals are m Shaow images with
found. nomalized background [ Signals autoscan
Local background subtraction - Use this option to Threszhald Diefault

subtract the value of the background around the

spot from the integrated volume of pixel intensities

used for calculation of the signal intensity value.

Ok

Sensitivity - Use a sensitivity threshold to eliminate
low intensity signals

0% - only signals with high intensity are counted Figure 20. The Image scanning options window in PicDB™.
100% - all found signals are counted and quantified.

3.1.7 Using Sample Filter

PicDB™ lets you filter your samples by name or against

name.
— Enter fragment of the zample code/name
To apply sample filter do the following:

e Click the Filter menu. The filter window (See Show only zamples with:
Figure 21.)
e Enter the sample name(s) and click OK. IsamplE'l and IsamplEZ

Samples with a given phrase in the sample
name will be shown or hidden.
Do niat zhow samples with;
To select particular samples for analysis:
e Click Selected samples button. The selected _ and “
samples window (See Figure 22.) appears.

e Select the number of sample to be viewed in

main window. .
Clear filter

Ok LCancel | Selected zamples

Figure 21. The filter window
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celected samples {checked samples will be sh

Ok Clear

Cancel |

Figure 22. The selected samples window.

3.1.8Using Reference

To select the appropriate reference file:.
e  Click the icon next from Reference window

[ s

e Drag the Address: Row. Col. Sliders to select
the microarray position for analysis.

e Reference information for the same position will
be shown.

To create a new reference file:
e Select New from Reference menu.

26

3.1.9Using Notes

To select the appropriate notes file:.
e Click the icon next from Notes window

Use the Notes tool to see saved comments or notes on
performance of particular array positions such as
possible unspecific signals.

To create a new notes file:
e Select New from Notes menu.
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3.2 Grouping Samples in Graph Window

The Graph tool lets you group the samples. On Scatter-
blot all dots can be selected and analyzed separately.
The white dots are not yet analyzed, the green dots are
selected and the red dots are already edited or saved.

3.2.1Specifying Graph Drawing
Options

Logarithmic scale Deselect the logarithmic checkbox
to see signal values in linear scale.

Clusters by:

Signal values Use this option to set two specified
images (e. g. A and G) to correspond to X and Y-axis.
Allelic fractions Use this option to set X axis to show
the summarized signals from two specified images and Y
axis to show the distribution of signals according to their
allelic fractions.

To select samples with the Graph tool do the
following:
e Select Arrow or Square radio button
e Click the dots you want to select in Sense or
Antisense window.

To select samples from Base Calls (BC) column do
the following:

. Press Shift key and click on the value you
want to select in the BC column.

e Alternatively, select all basecalls by pressing
Shift key and clicking by mouse left button
with the pointer on the BC column label. This
selects only the raw, nonsaved data (with light
grey background).

HistogramgRC Sample

1-21.001

1-21.002

To deselect samples with Graph tool do the
following:
e Select Arrow or Square radio button
e Press Shift key and click the dots you want to
deselect in the Sense or the Antisense window.

To deselect samples from Base Calls (BC) column
do the following:
e Press Shift key and click on the value you
want to deselect in the BC column.

To view where the certain sample is located on
graph do the following:
e  Click on the sample number

To reset graph do the following:
. Click the Reset button.

o
(1]
=
o
1]

=]

i 2 N T Ny N N
by o B B S - =~

Antizense

=]

i 20 N B Ny Ny N
by o B B S - =~

[v Logarithmic scale

Chasters by b ouze pointer
(" Signal values 7 Arrow

{+ &llelic fractions * Sguare

Reszet BC

Figure 23. Part of PicDB™ main window
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3.2.2Cluster Analysis of Genotyping Results

PicDB™ has a built-in clustering tool for the genotyping results.
The tool is mostly optimized for single nucleotide polymorphism

genotyping

Scanning  Clustering I

[+ Perform cluster analysis
[+ Test far Hardy-'einberg equilibriurm
[¥ Separately coloured samples in charts

v Show gray signals in cluster borders

i |

To use the clustering tool for visual
indications of the assumed genotype clusters:
e Open the Options panel.
e Select Perform cluster analysis.
e The colouring options in charts include
a vertical ribbon or small circles in the
background of the data for each sample
e Gray signals in cluster borders will
eliminate errors in rare cases, where the
genotype clusters will overlap in result of
the automated analysis from both strands
(recommended)

Figure 24. PicDB™ cluster analysis options for basecalling and visualization in charts
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3.3 Working with Samples

3.3.1Identifying Signals in
Detailed View

Double-click on any of the sample to open the detailed
view of selected cell. Every pixel is one block and its
height depends on signal intensity.

The Zoom tool lets you scale signal intensities. Use it
to identify complex or faint signals visually.

3.3.2 Editing Base Call Values

Click the sample base call (BC) field and enter the
new value.

To set the same base call values for all selected
samples:
e Click the Same base call for all selected
images checkbox (See also section 3.2.1).
Note: The changes will also affect all
basecalls from cluster analysis, i.e. BC fields
with identical background colour.

To use cluster analysis for genotyping:

. Click on Base calls/Auto scan button or press
Alt+A.

e Select whether BC field will be formed of
cluster analysis results or by minimum level
of secondary signals for each primer site.

e  Select the number of clusters required (Auto,
3,2,1).

e Testing for Sense/antisense conformity
provides additional precision for automated
basecalling

Note: to keep the selected options, close Base
calls window

Base calls :

— Mark clazzes on the aid—
v FEE v A
v E ~

— Baze calls
(% By cluster analysiz

By min. level of
secondry signals %

0 =

Murmber of clusters | At j

Test for zenzedantizense
canformity

Beset BC |

Figure 25. PicDB™ Base calls window
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Figure 26. Part of PicDB™ main window
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3.3.3Changing Sample Name

PicDB™ lets you change sample names you set in
BaseCaller™ (See section 2.4).

To change sample name do the following:

e Choose Admin menu from Menu Bar of
PicDB™ image database analysis program
main window (See Figure 18.) . The Admin -
rename, delete and restore samples
window appears.

e Select the sample name from the list, the
name appears in the black area.

e Click Rename and type new name.

e Click Save.

3.3.4 Deleting and Restoring
samples

To delete samples do the following:

e Choose Admin menu from Menu Bar of
PicDB™ image database analysis program
main window (See Figure 18.) . The Admin -
rename, delete and restore samples
window appears.

e Select the sample name from the list, the
name appears to the black area.

e Click Delete.

Deleted samples remain in the database, but are not
visible in PicDB™ analysis window.

Deleted samples can be easily restored.

To restore deleted samples do the following:

e Choose Admin menu from Menu Bar of
PicDB™ image database analysis program
main window (See Figure 18.) . The Admin -
rename, delete and restore samples
window appears.

e Select the sample name (with *DEL* in the
beginning) from the list, the name appears in
the black area.

e Click Restore to restore deleted samples.
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3.3.5Listing Samples

To see the list of samples do the following:
e Choose Admin menu from Menu Bar of PicDB™
image database analysis program main window
(See Figure 18.) . The Admin - rename, delete
and restore samples window appears.
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3.4 Saving and Exporting Results

3.4.1Saving Results

Found 43 edited resulks.
1 zamplez not analysed. “#fhat to do?

f* Continue with analysis
" Save only edited results
" Save all results

" Do not zave results

Figure 27. The save results window.

3.4.2Visualizing Results

. Show Results

3 363_G1212_121205
4 365_G1212_121205
5 3E9_G1212_121205
B 370_G1212_121205
T T2 1212121205
§ 375_G1212_121205
|| 9 379 G122 121205
| |10 381 _G1212 121205
| | 11 386_GA1212 121205
| |12 387_G1212 121205
[ 113 391_G1212 121205
| | 14 393 _G1212 121205
| | 15 396_G1212 131205
| | 16 397 _G1212 131205
| | 17 399_G1212 131205
[ | 18 400_G1212_131205
| |19 401 _G1212 131205
|| 20 403_G1212 131205
|| 21 404_G1212 131205
|| 22 406_G1212 131205
|| 23 407_G1212_131205
|| 24 408_G1212 131205
| | 25 NEG

madle.

From# I 1 To Excel

To# I zZ5 To tat file

Select samples to be exported. Full list of
samples will be exported if no selection is

Clear [

Figure 28. The Show results window.
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To save results do the following:
e Choose Save results from Results menu. The
save results window (See Figure 27.) appears.

Continue with analysis Choose this option to close
dialog box without saving. This will keep your selection
and you can continue with analysis of the same
microarray position.

Save edited results Choose this option to save the
edited results. The edited results consist of cells with
any coloured background from analysis, except for
the default light gray background for raw base calls

Save all results - choose this to save the analyzed
position in the whole database

Do not save results - Choose this option to cancel
saving and go to the next position.

To visualize results do the following:
e Choose Results from menu bar.
e Choose Show Results/Export to Excel.
e The show results window (See Figure 28.)
appears.

The Show results tool lets you see, which positions and
samples are already analyzed and saved. Red cells mark
the saved positions.

3.4.3 Exporting Results to Excel

Al the results can be exported to MS Excel in various
selected formats.

To export results to Excel do the following:
e Click on the button To Excel to export the
results to MS Excel
e Or click on the button To txt.file to export the
results to Notepad.

3.4.4 About File Formats

PicDB™ Results are automatically saved in Agenda file
(...ag.mdb) in the same folder with the Image Database
analyzed.
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4 Genorama® Converter™

4.1 Converting Text Table to Genorama Reference Table

Genorama® Converter™ utility lets you convert a tab
delimited text table into a Genorama 4.5 reference table
or 20-space blocks for Genorama 4.2 or older versions.
The Excel table has to be made in the similar layout as
the final grid on the slide (See Figure 29.).

To convert the Excel file onto Genorama® Converter™
reference table, save the table as tab delimited text
first.

To convert tab delimited text table
Genorama reference table:

into a

e« Open Genorama® Converter™

e Click File on menu bar to load txt file

e If you use Genorama 4.5 choose Save in new
standard option and if you use Genorama 4.2
or older choose Save in old standard option
(See Figure 30).

e Click to button Save and choose the target
folder.

Figure 29. Similar layouts of Reference files in MS Excel and Genorama® BaseCaller™.
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F& 4| =| 11766asT
A [ B [ C [ D [ E [ F |
| 1 M A G 11687 =4 116885 1168950
| 2 M T C 11687 asv2 N 11688asC 11689asG
| 3 |[11722s0 11723s 1172454 117250 F2BsC 11727 s
| 4 (11722asC 11723asC 11724asT 11725asC 11727 asG
| 5 [11761sT 11762s0C 1176354 11764 FEEsA,
L|11?6135A 11762asG  11763asT 11764asC 11765a 111766asT |
EAERE 1191227 11913:G 1191424 119155424 O1EsW2A
| 8 [11911asG 11912asA  11913asC 11914asT 11915asT 1916asT
| 9 [12039sG 12040220 1204154 12042s4 120435W2T X
| 10 [12039asC 12040asG 12041asT 12042asT 12043as4,
| 11 [12078sC 12079sA 1208054 12081sT 1208250
PRI R esults. Real values x|
|12 (121174 . Settings & € G T Basecals Mormalisation Chart Reference Motes Excel\load Save Close
| 14 [12117asT [Rer [ 5 ~ 5 =
|15 [121562G [ 1 G Q 11eaTsA 11688sG j
| 16 [12186asC 2 [ C 11687asw2T 11688asC
3 172250 1172350 172458, 1172550 1172650
4 11722asC 11723asC 11724a3T 11725830 1726830
5 17615T 176250 1176354 1176420 11765220
5 176188 11762850 117638sT 11764asC 11 7E5ast.
7 RERES 119127 191350 11914z, 119152424
5 191 1asG 1191 2as, 1191 3asC 11914asT 11915asT
] 1203950 12040520 1204154 1204252, 12043502T
10 1203%asC 12040850 12041 8T 12042857 12043554
11 12078sC 1207954 1208054 12081sT 1208250
12 1207 BasG 1207 95sT 120808sT 12081 ast 12082830
13 1211754 1211850 1211954 12120, 12121sT
14 12117asT 1211 8asC 12119asT 1212085 12121858
15 1215650 121575 1215854 1215050 12160520
i?_l 1M SRa= 1M ATasG 1715Ra=T 171 59%a=C 11 ANa= R ﬁl
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Genorama Converter D:Hanno'KLIENDIPROJEKTID'\Kdimasolevad projektid',p53'Projekt I m] |
File Mew Grid Exit
1 3 5 7| ] 11 13 15| -
1 : 1166724 11686820 11668:C 1163024 1163126 1168250 1168350
_2 A 11687asV2T 11688azC 11659%asG 11690asT 11691azC 11692asG 11693asG
_3 11719sG 1M720sG MM72sv47C A 1172226 117232G 11724z4 117252G M 726sC
_4 1171 9azC 117 2083C M7 asT 1M1722a3C 11 723asC 11724asT 11725a3C 117 26asG
_5 117594 11760=G 11761=T 11762=C 1176324 11764205 11765sW2G 11766s G &
_5 11759asT 11760&a=C 11761as4 11762asG 11763asT 11764a=C 11765a=C 11766asT
_? 11910=C 11911=C 1191 22T 1191 3=G 1191 d=4 119 528 119 GsWv2h 119 Taw2h
_8 119 0asG 119 1asG 119 2ass 1191 FasC 1191 4asT 119 5asT M AN Eaz 7GT 119 FasT
_9 120392G 12040sN2C 120414 12042z4 12043sW2T 120442G 120452G 1204624
H 12039a=C 12040535 12041 asT 12042asT 1204324 12044a=C 12045a=C 12046asT
? 12079=4 12080=4 12081 =T 12082s 14 G 12083=G 12084=T 12085=T 12086=sC
? 12073asT 1208058sT 12081 a4, 12082a=C 12083asV2C 12084834, 12085834 12086835
? 12119z4 12120s4 121217 12122sG 12123=C 12124=sC 1212524 1212626
H 12119asT 12120asT 1212 as4 12122a3C 12123asG 12124a3G 12125asT 12126asC
? 12159sG 12160sN2C 12161sT 12162sV2C 12163=sC 12164sT 12165z4 12166=sC
H 12159a=C 12160235 12161 ash 12162335 12163235 1216das s 12165asT 121E6asG
? 12199=C 1 2200=N2C 12201 =C 12202=T 1220326 12204=T 12205=sC 1220624
H 12199asG 122008sG 12201 asG 12202as4, 12203a=C 12204as4, 12205835 122065sT
H 12239=C 12240=4 12241 =G 12242=sC 12243=T 1224440 12245=sC -
Edit cell Save as reference . grf file
80 f+ Save in new standard [with TAE delimiters]
70 I (" Save in old standard [with 20-space blacks)
2
Ok | Save |
Mew =t.

Figure 30. Genorama® Converter™ main window.
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Detailed VIEW ..oovviiiiiic e 18, 29
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SEIECE .. 13
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Image
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Intensity threshold ..o 16
Local background subtraction ...........c.coceiviiinnnnn. 15, 25
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MS EXCEl ittt ittt r v e e e e 22, 31
NOEES . 17, 19, 22, 26
Panorama .....covviiiiiiii 11
PIXEIS e 16
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Printing oo 5
RAINDOW ... e 10, 24
Recurrent signals........cccocvviiiiiiiiiiiii e 21, 25
Reference ...coovvvviiiiiiiiicc 19, 22, 26, 32
RESUIES «un i 17, 31
EXPOMEING tuvii i e 22,31
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WINAOW .ot aens 17, 19, 20, 21
Samples
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fiEErING . e 25
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Secondary signals.........cocovviiiiiiiinn 20, 21, 25
=] T TP 19, 21, 23
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detection ..o 15, 16
eliminating quantification ...........cocoviviiiiin 16
intensity ............ 5,15,17, 18, 20, 22, 23, 24, 25, 29
10CALION L.vie 15
maximum value ... 20
NOrmMalisation ........coviviiiiiiiii 20
PatterNS 20
PIXEIS 1uitiiii 16
FECOGNITION . e 15
EADIES s 22
ValUBS oo 18, 20, 27
SQUEEZE/WIdEN ..vviviiieiii e 13
Technical bIOCK ..o 12
Text table v 22, 32
Valid diameter signals only ........ccocoviiiviiiiiiiininnes 15
Wild-type reference........oouveivriininiiiiiie s 20
Zero distanCe ....ovivieiiiii 20
4o To ] o 11 o 10
ZOOM OUE..uiiiiiii i e 10
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