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Introduction

The BeadStudio software package included with your Illumina®
Gene Expression System is a tool for analyzing gene expression
data from scanned microarray images collected from the
Illumina BeadArray Reader. Resulting BeadStudio files can be
used by most standard gene expression analysis programs.

BeadStudio executes two types of data analysis:
» Gene Analysis
Quantifying gene expression signal levels
» Differential Analysis
Determining if gene expression levels have changed between two
experimental groups
You can perform these analyses on individual samples or on
groups of samples treated as replicates.

BeadStudio reports experiment performance based on built-in
controls that accompany each experiment.

In addition, BeadStudio provides scatter-plotting and
dendrogram tools, facilitating quick, visual means for
exploratory analysis.

This chapter describes the BeadStudio software, presents
guidelines for evaluating experiment quality, and defines
BeadStudio-related terminology.

Wherever this symbol appears, a special note for the Illumina®
DASL™ Assaa

DASL™ Assay appears in the text.
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Figure 1-1 illustrates the gene expression analysis process flow.

( )

Sentrix® Array Matrix
or
|j"> Sentrix® BeadChip
Decode Files (.dmap)
lllumina® BeadArray

Reader
Image Data Files (.idat)

Image Data Files (.idat)
Bead Manifest Files (.csv or .dap)
Content Descriptor Files (.xml)

BeadStudio
Data Analysis

gene_profile.csv

gene_probe_profile.csv
gene_diff.csv
qcinfo.csv

J

( )y

gene_profile.csv
gene_probe_profile.csv
gene_diff.csv
qcinfo.csv

BeadStudio
Data Visualization

Scatter Plots
Cluster Analysis Dendrograms
\_ Control Summary Reports

J

Figure 1-1  Gene Expression Analysis Process Flow
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BeadStudio Terminology

Terms used in this chapter are listed and defined below.

Table 1-1 BeadStudio Terminology

Content Descriptor

The collection of probe sequences represented on a SAM or BeadChip.

For the DASL Assay, content descriptor refers

DASL™ Assay| to the collection of probe sequences in the
oligo pool.

An estimate of signal produced by all sources except specific binding of

Background target to probe. This estimate is established by averaging the signal of a
large number of negative control probes.
A collection of beads carrying identical probe sequences
Bead Type The DASL Assay uses universal SAMs and

DASL™ Assay| BeadChips. Bead Type refers to a collection of
beads carrying identical address sequences.

Control category

A group of probes and/or targets with a common functional role (see
description of particular control categories)

Error model

A statistical model used to determine p-values for
differential expression

Experiment

A collection of groups of samples representing a biological study

Experiment file

An XML file listing group membership and experimental parameters

Group

Samples combined according to some experimental criteria

Normalization

The mathematical process of adjusting intensity values in order to
improve the quality of data comparison among samples

Probe

A 50mer oligonucleotide designed to be complementary to a particular
target sequence. Probes are immobilized on the surface of glass beads
randomly assembled into the SAM or BeadChip. Hybridization of probes
provides intensity values for analysis of target abundance.

For the DASL Assay, a probe refers to the oligo
sequences that hybridize to cDNA target DASL™ Assaﬂ
sequences. These oligos also contain address

sequences that hybridize to sequences
immobilized on the surface of glass beads randomly assembled into a

universal SAM or BeadChip. Hybridization of DASL Assay products
provides intensity values for analysis of target abundance.

Reference group

A group to which other experimental groups are compared during
differential analysis

Repository

A folder on your computer or network where scanned SAM or BeadChip
images and raw intensity files are stored

Doc. # 11179632 Rev. B
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Install BeadStudio

Follow the steps below to properly install the
BeadStudio application.

1. Double-click on “setup.exe” in the BeadStudio directory of the
Installation CD you received with your system and follow the
onscreen instructions.

2. The installation process will install the Microsoft .NET
Framework on your system if it has not already been installed.
Installation of the .NET Framework requires administrative
privileges and may take several minutes.

The BeadStudio Setup Wizard will guide you through the
installation process (Figures 1-2 thru 1-7).

i BeadStudio

Welcome to the BeadStudio Setup Wizard

The installer will guide you thraugh the steps reguired to install BeadStudio on your computer.

WARMIMG: Thiz computer program iz protected by copyright law and intemational treaties.
Urauthorized duplication or distribution of this program, or any portion of it, may result in sesvere civi
ar criminal penalties, and will be prosecuted to the masimum extent possible under the law.

Figure 1-2  BeadStudio Wizard Welcome Screen
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i BeadStudio

Select Installation Folder

The inzstaller will install BeadStudio to the following folder.

Ta inztall in this folder, click "Mext. Toinstall to a different folder. enter it below or click “Browse.

Folder:

C:\Program Files\luringB eadSudio’ Browse...

Inztall BeadStudio for yourself, or for anyone who uses this computer:

- EygEe Enable the “Everyone”
@l radio button
[ Cancel ] [ < Back ] [ Mext » l

Figure 1-3  Select Installation Folder Screen

i BeadStudio

Confirm Installation

The installer iz ready to install BeadStudio on your computer.

Click "Mext" to start the installation.

[ Cancel ] [ < Back ] [ Mewt >

Figure 1-4  Confirm Installation Screen
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ji% BeadStudio

Installing BeadStudio
N
BeadStudio iz being installed.
Flease wait...
Figure 1-5  Installing BeadStudio Screen
—

i BeadStudio

Installation Complete %
=5

BeadStudio has been successfully installed

Click "Close" to exit.

Please use 'Wwindows Update to check for any critical updates to the NET Framewark.

Closs

Figure 1-6  Installation Complete Screen

3. The BeadStudio application icon (Figure 1-7) now appears on
your PC desktop.
)
i &
Beadstudio

Figure 1-7  BeadStudio Application Icon on Your PC Desktop
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Start BeadStudio

1. On your PC desktop, double-click the BeadStudio icon to
start the application.

2. Select wizard and mode:

a. At the Welcome screen (Figure 1-8), click the
appropriate radio buttons in the What would you like to
do? pane. Table 1-2 describes the options.

Analyziz Mode

elcome

Welcome to lllurmina's BeadStudio.
‘what wiould pou ke o do’?

) Start the Mew Experiment Wizard
() Wisualize existing data

(%) Start in the BeadStudio main page

(*) DirectHyb

Figure 1-8  Welcome Screen
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Table 1-2 Wizard Option Descriptions

This wizard walks you through the steps to:
- Select which samples to analyze
- Select a normalization method for your data
Start the New - Generate output files containing gene expression data.

Experiment Wizard > Use these output files for further analysis in BeadStudio, such as
scatter plotting, clustering (dendrograms), and generating
experimental quality reports (control summary reports) (all
described in Chapter 3).

Select this option for experiments you have already processed through the
BeadStudio application. Use this wizard to explore the data through
Start the Visualize scatter plotting, cluster analysis (dendrograms), or by generating
Existing Data Wizard experimental quality reports (control summary reports) (all described in
Chapter 3). If you have not already processed an experiment, run the Start
New Experiment Wizard first.

BeadStudio functions may be carried out in a less structured format,
Start in the BeadStudio without using a wizard. In this mode you can also modify existing
Main Page experiments, or repeat their analysis using different normalization or
output file format settings.

b. If you have purchased both the DirectHyb and DASL™ Gene
Expression Systems, the Analysis Mode pane displays a
choice. Click the radio button to select your mode (see
Figure 1-8). If you have purchased only one of these systems,
the Analysis Mode pane will be grayed out and the
appropriate mode will be automatically selected.

3. Click OK.

Content Descriptor  The BeadStudio application uses a Content Descriptor file (.xml) to
File  map BeadTypes to targets. Illumina provides this file on a CD that
you receive with each Sentrix Array Matrix or BeadChip.
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NOTES
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Introduction
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Using the intensity files produced by the BeadArray Reader,
BeadStudio's Gene Analysis tool produces output files containing:

Probe and gene lists
Associated hybridization intensities (normalized or raw)
Information about the system controls

If desired, BeadStudio's Differential Analysis tool can produce
output files determining the probability that a gene's signal has
changed between two samples or groups of samples.

Using these output files, BeadStudio's Data Visualization tools
can create more sophisticated plotting analyses such as
Scatter Plots, Cluster Analysis Dendrograms, and Control
Summary Graphs.

To produce the BeadStudio output files, you first define an
experiment. In a BeadStudio experiment, you define the samples
used and their grouping (sample sets that can be compared
against each other for the purpose of identifying gene expression
differences).

To define your experiment, first specify your groups, then assign
samples to them. In the simplest experiment, each group will
have only one sample. However, if your experiment includes
replicate samples, you can assign these to the same group.
Within a group, BeadStudio will average the values for each gene
across the samples, and its algorithms will automatically take
advantage of the replicates' statistical power to provide more
sensitive determination of detection and differential expression.

1.800.809.ILMN (1.800.809.4566) or +1.858.202.4566 (outside North America) www.illumina.com
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Processing Experiments

The next two sections, Process an Experiment Using the New
Experiment Wizard (page 2-4) and Process an Experiment
Outside the Wizard: Using the BeadStudio Main Page (page 2-
18), provide step-by-step instructions on how to:

Define an experiment

Create groups

Select normalization and differential expression options
Select fields for, then generate output files

vV v v Vv Vv

Plot and cluster output file data

The New Experiment Wizard guides you through the process; the
BeadStudio Main Page allows you to carry out the same functions
in a less structured format. See Table 1-2, Wizard Option
Descriptions on page 1-9 for more information.
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Process an
Experiment Using the
New Experiment
Wizard

Doc. # 11179632 Rev. B

1. After starting the BeadStudio application (see Start
BeadStudio on page 1-8), at the Welcome screen What
would you like to do? pane, select the radio button for Start
the New Experiment Wizard (Figure 2-1).

2. At the Analysis Mode pane, click the radio button to select
the appropriate mode.

Welcame ta llumina's BeadStudia.

Ww'hat would pou like t2#0o?
(%) Start the Mew E xperiment ‘Wizard
() Wizualize existing data

() Start in the BeadStudio main page

Analyziz Mode
(®) DirectHyb () DASL

oK, 1 | Cancel

Figure 2-1  Welcome - Start New Experiment Wizard

3. Click OK.
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4. At the BeadStudio Experiment Wizard Welcome Page
(Figure 2-2), click Next.

BeadStudio Experiment Yizard - Welcome Page

BeadStudio Gene Expression Experiment Wizard

Mew Experiment Wizard Welcome Page

Thig wizard will guide you through the steps of creating a Gene Expression Experiment for
BeadStudio.

A BeadStudio Gene Exprezzion Experiment congists of a set of zamplez that have been grouped
tagether far analyziz, along with the appropriate analysis parameters.

The process of creating an espeniment beging with zelecting a name and directony for pour
expeniment.

Thie nest ztep iz bo select wour samples and group them together, Thiz can be done manually, or
uzing a zample sheet.

ou will then need to specify whether vau will be daing a reqular gene expression experiment or
a differential gene expression analysiz. A differential analyzis looks for differential expression
1elative to a reference group.

Firally, you will specify the format of pour output files,

e

Figure 2-2  BeadStudio Experiment Wizard Welcome Page
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5. At the Location Page (Figure 2-3):

a. Enter a name for your experiment in the New
Experiment Name field.

b. Enter or browse for the location to which you want to
save your experiment.

NOTE:

Although not required, Illumina recommends storing all
your experiments in a common location on your local hard
drive or network.

BeadStudio Experiment Wizard - Location Page

BeadStudio Gene Expression Experiment Wizard

Mews Expetiment Mame and Location

Mew Experiment Marme

|Brain vs Liver - April 27, 2005 |

Experirnent Directory

| Z1\Bead3tudio Repositary w | Browse, .,

Experiment will be created in: - C:\BeadStudio RepositoryiBrain ws Liver - April 27, 2005

[ Cancel ][ < Back ][ Nextﬂ

Figure 2-3  Location Page

6. Click Next.
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7. At the Samples Page (Figure 2-4), in the How would you like
to select your samples and groups? pane, click the radio
button next to your choice.

NOTE:

This section describes the manual method for selecting samples
and groups. Optionally, you can also use the Sample Sheet and
Group Layout file to help create your experiments in BeadStudio.
You can create these files using the example templates

provided on your BeadStudio CD, Illumina part # 11182401,
provided with your system.

You can also use the Bead Manifest file (optionally) to include more
annotated data in your analysis. This file resides on the CD you
received with your BeadChips or SAMS.

For the DASL Assay, this file resides on the
DASL™ Assaa CD you received with your oligo pool (DAP).

For information on using Sample Sheets, see
Set Up & Apply Sample Sheet on page 2-28.

eadStudio Experiment Wizard - Samples Page

BeadStudio Gene Expression Experiment Wizard }

Sanple Interstties and Grouping. In this page, If you choose ta manually select samples, you wil first need to browse to the repository where you have saved 2
your data (the same reposiory you used in BeadScar). ]

Haw wold you ke to selct your samples and groups?

@ Manually O using 2 sample sheet

Groups

v

Sentrix Array Products
Barcade Format
1232020 Array Matri =

q BeadChip 8x1 =
130898001 BeadChip Bx2
130898001 BeadChip Ax2
130898001, BeadChip A2 %
1308980014 BeadChip A2 o
1308980015 BeadChip 62 a

1304452001

Select

Ca ) [nee ] [rees]

Cancel | [ <Back | [ New>

Figure 2-4  Samples Page
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[
8. In the Repository pane, enter or browse to the directory in
which you have your images and raw data files from the
BeadArray Reader.

9. Click on a barcode in the Select Barcodes pane to display
that BeadChip or SAM in the middle pane.

Populating Groups

This section describes the four methods for populating groups:
« Standard Method (see below)
« Single-Sample per Group (see page 2-11)
« Sample Sheet Method (see page 2-11)
» Group Layout Method (see page 2-11)

Standard Method

1. From the displayed BeadChip or SAM, select the samples you
want in your groups.
» Selected samples are outlined in red
- Initially, all samples are selected
- To de-select samples, click None in the Select pane
« To select an individual sample, click it
» To select multiple samples, Ctrl-click each desired sample

2. At the Groups toolbar, click New group... B to create a
new group.
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3. In the Groups pane (Figure 2-5), rename “Group 1” to the
name of your choice.

/ Groups Groups \

® @ |Liver
& &
Rename the group
» »
* %
X X
N O

Figure 2-5  Groups Pane
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I
4. To add samples to this group, either:

» From the Select pane, select them, then click Add to
Group =

OR

» Drag and drop the selected samples from the Select pane to
the name icon of the desired group (Figure 2-6).

/ croups \

Click + to = @_Frain Group 1 8
expand [ 1304452001 _A
1304452001 B
9] 1304452001 _C
1304452001 _D

9 (0P w ) 1304452001 E
@ + 1304452001 _F
0(0‘3 ] 1304452001 _G
'i 1304452001 _H
e Number of
* samples in
|j this group

1304452001

Select

[ all ] [ Maone ] [Reverse ]

o /

Figure 2-6  Drag and Drop Samples into a Group

5. To populate groups with samples from multiple BeadChips or
SAMs, highlight the barcode in the Repository pane and
select the desired samples.

6. The number to the right of each group icon is the number of
samples contained in that group. To expand the group tree
and view see the sample identities, click the + sign to the
left of the group name.
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Single-Sample per Group

Highlight the samples you wish to add in the Select pane, then
click Create a group for each sample &%, -

A group will be created for each selected sample (Figure 2-7).
Each group is named for the sample it contains. Groups from
additional BeadChips or SAMs may be added to the same
experiment by the method described in Populating Groups on
page 2-8, step 5.

/ Groups \
-

1304452001_4
1304452001_8
1304452001_C
1304452001_D
1304452001_E
1304452001_F
1304452001_1G
1304452001_H

R N R
‘N NN NN NN
e

NG /

Figure 2-7  Single-Sample per Group

Sample Sheet Method
See Shortcut Tools for Defining Experiments on page 2-25.
Group Layout Method

See Shortcut Tools for Defining Experiments on page 2-25.

Removing Groups
To remove a selected group, click Remove... x.

To remove all groups, click Clear all groups... [ .
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Analyzing Gene Expression Data

Once you have created your groups, you have fully defined
your experiment. At the Samples Page, click ey tO
access the Analysis Page (Figure 2-8). ' '

1. In the Analysis pane, you may select Gene Expression or
Differential Expression.

Beadstudio Experiment Wizard - Analysis Page

BeadStudio Gene Expression Experiment Wizard
Experiment Analysis Parameters
Analysis
" Gene Expression (« Differential Expression

Analysis Parameters

Momalization | rank imvariank B 3 |
Error Maodel |I||umina cusktom ] 3 |
Reference Group | V|

[ Cancel ] l < Back ] [ Mt » j

Figure 2-8 7 Analysis Page
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NOTE:

If you select Gene Expression, BeadStudio will generate a file
containing gene expression intensity values for each gene in
each experimental group, along with various other quality-
related measurements.

If you select Differential Expression, BeadStudio will generate a file
with the same information as for Gene Expression, including a
differential expression score for each gene in each group. This score
represents the statistical confidence that the gene's expression has
changed with respect to a reference group.

2. In the Analysis Parameters pane (Figure 2-8), use the
pulldown menus to select the Normalization method, Error
Model, and Reference Group. (See Table 1-1, BeadStudio
Terminology on page 1-4 for definitions of these terms.)

NOTE:

Normalization method applies to both Gene Expression and
Differential Expression. Error Model and Reference Group
apply only to Differential Expression.

For most routine whole genome expression experiments, Illumina
recommends the rank invariant normalization method.

For Differential Expression experiments, we recommend the
lllumina custom Error Model.

For Differential Expression, choose any of your defined groups as
the Reference Group.

See Chapter 6 for complete lists and descriptions of Normalization
methods and Error Models.
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[ DAS

The DASL mode Analysis Page has two additional parameter
L™ Assay| options in the Analysis Parameters pane (Figure 2-9):

Doc. # 11179632 Rev. B

» Content Descriptor file

An .xml file describing the gene content of your DAP oligo pool.
BeadStudio uses the Content Descriptor file to provide biological
information for the sample signals. This file is named according to
the convention XXXX-DAP.xml, where XXX is an Illumina-assigned
barcode. For further information, see Content Descriptor File on

page 1-9.
> Mask file

Allows you to choose which probes to include in your analysis. If
you have created a Mask file, check the Use Mask File box, then
browse to the location of this file. For more information on Mask
files, please see Creating the Mask File on page 2-40.

Beadstudio Experiment Wizard - Analysis Page

BeadStudio Gene Expression Experiment Wizard
Experiment Analysis Parameters

Analysis

(* Gene Expression (" Differential Expression

AR sis Parameters

Content Descriptor | G50006187-DAP

“
Iw Use Mack File Ci\Experiment Direckory\DaP_Mask files'G5000
Mormalization nans W
[ Cancel ][ < Back ][ Mt

Figure 2-9  DASL Mode Analysis Page
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3. Click  pews» toaccess the Output Parameters Page
(Figure 2-10).

BeadStudio Experiment Wizard - Output Parameters Page

BeadStudio Gene Expression Experiment Wizard

Mew Experiment Cutput Parameters

Oubput Direckary

CHExperiment Directory|Brain vs Liver - April 27, 2008|0ukpuk
Output D ata Qukput Format
tinirmum Signal

Column-oriented (Comma delimited) (*.csv) W

bl amirum Signal

Humber of Replicates
FReplicate Stdev

Bead Stdev

Mumber of Beads
Detection

Probe Concordance Score

| selectal | | Clearal |

l Cancel ]l < Back ] [E

Figure 2-10 Output Parameters Page

4. In the Output Directory text field, enter or browse to the
location to which you want to save your output data.

NOTE:

The default location is the Experiment Directory you specified
at the start of the Wizard.
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5. Select the data fields you want the output file to save by

[ DASL™ Assaya

checking or un-checking the Output Data pane boxes. Tables
2-1 thru 2-5 (pages 2-28 thru 2-39) list and describe these
output file data fields.

Specify output file format from the Output Format
pulldown menu.

Click [_nan_J.

If this is the first time you are using this kind of Matrix (SAM
or BeadChip) for DirecyHyb experiments, BeadStudio will
prompt for its Content Descriptor (.xml) file. This file
associates the BeadArray Reader’s scanned image data with
the SAM or BeadChip’s probe content (see Content
Descriptor File on page 1-9 for more information). Browse to
the file; BeadStudio will load it onto your hard drive.

NOTE:

Once you have loaded the Content Descriptor file onto a given
computer, you will never have to load it again.

Because different oligo pools could be used for different
samples on the same universal SAM or BeadChip, you must
browse to the correct Content Descriptor file associated with
the oligo pool used for the analyzed samples. If this is the
first time you are using an oligo pool (DAP), browse to the
file. BeadStudio will load it onto your hard drive. All
previously loaded DAP.xml files are available in the Content
Descriptor pulldown menu (Figure 2-9).

10. As BeadStudio generates and saves your output files to the

location you specified, you can observe real-time progress of
these operations in the Message pane on the Main Page.
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Viewing Your Data

1. After the output files are generated and saved, select a radio
button in the How do you want to view your data? dialog
box (Figure 2-11). Scatter Plots, Cluster Analysis
Dendrograms, and Control Summary Graphs are described in
Chapter 3, Data Visualization.

iew Brain ¥s Liver - April 27, 2005_gene_profile.csy

Hiow dio paw want ba vigw pour data’?

(%) Make zcatter plats from the data
("1 Make cluster diagrams from the data
() Generate a Contral Summary Fepart

(1 Wiew the folder containing this fil

] I ’ Cancel

Figure 2-11  How do you want to view your data? Dialog Box

NOTE:

Alternatively, you may wish to open the output files directly.
If so, select the View the folder containing this file option.
to open a Windows folder containing the files. You may view
the files in Microsoft Excel or a variety of other applications.

1.800.809.ILMN (1.800.809.4566) or +1.858.202.4566 (outside North America) www.illumina.com Doc. # 11179632 Rev. B



2-18 BeadStudio User Guide

Processan 1. You may access the BeadStudio Main Page in several ways:

EXp?nment O_UtSlde » After starting the BeadStudio application (see Start
the Wizard: Using the BeadStudio on page 1-8), at the Welcome screen What
BeadStudio Main Page would you like to do? pane, select the radio button for

Start in the BeadStudio Main Page (Figure 2-12).

» After you have run the New Experiment Wizard, at the How
do you want to view your data? dialog box (Figure 2-11),

click Cancel  to return to the Main Page.

» After you have run the New Experiment Wizard and
completed data visualization, BeadStudio will automatically
display the Main Page.

Welcome to lllumina's BeadStudio.

w'hat would pou like to do’?
{3 Stark the Mew Experiment Wizard
() Wizualize existing dat=

(%) Start in the BeadStudio main page

Analpziz Mode
{#) DirectHyb (1 DasL

] 1 | Cancel

Figure 2-12 Welcome - Start in the BeadStudio Main Page
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2. At the Analysis Mode pane, click the radio button to select
the appropriate mode.

3. Click OK to access the Main Page (Figure 2-13).

Lt oS SEI)
B vidi 712 E
Repositony Groups

C:\BeadStudio Repasitary v o @ 13044520004 1

13044520 _44
Sentis Arrap Produets L i B

Barcode Format 13044520 _B
12328201 Array Mstrix |oe Twmon

13044520011 Bie.adChip Bix] i 1304452001_C
1308980011 BeadChip B2 , |5 e tnssamD

1302820012 Bre adChip fx2 ] 1304452001_D
1302820013 Bre adChip 62 4, @ 10Ms0ME 1

130890014 Bie.adChip Fix? & | 1304452001_E
130890015 Bie.adChip Fix? =k - D:;zi?t?z_u; ] 1
w |B @ T4 G T

: 13044520M_7
[ |=-= 1304452001 1 1

1304452001_H

1304452001
Select
al ] [ Mene | [ Pevense

BeadStudio 1.5.0.33 started in DirectHyb mode.

DirectHyb Mode:

Figure 2-13  BeadStudio Main Page

4. In the Repository pane, enter or browse to the directory in
which you have your images and raw data files from the
BeadArray Reader.

5. Click on a barcode in the Select Barcodes pane to display
that BeadChip or SAM in the middle pane.

6. Create and populate groups, following the steps in the
Populating Groups section, starting on page 2-8.
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Analyzing Gene Expression Data

Once you have created your groups, you have fully defined
your experiment. Use one of two methods to analyze your data
using the BeadStudio Main Page:

Toolbar Buttons

1. From the main toolbar, click the Verify Matrix/BeadChip
button ./ . BeadStudio will evaluate the quality of the

samples contained on the currently selected SAM or
BeadChip. Samples that meet the verification criteria
will turn green; those that do not meet the criteria will
turn

NOTE:

You may review the gray samples and decide either to include
or exclude them from BeadStudio’s analysis.

2. From the main toolbar, click the Gene analysis button lh]'l

or the Diff analysis button < to launch the Experiment
Parameters dialog box (Figure 2-14).

%, Experiment Parameters E]
Analysis Parameters
MNomalization | none .
Differential Espression
DASL
Output
Fomat | Column-oriented (Comma delimited) (% csv] -
Directory
C:\B ead tudlio Flepository\Brain vs Liver - Apri 27, 2005 Dutput -
Select Output Fields,

Figure 2-14 Main Page Experiment Parameters Dialog Box

Doc. # 11179632 Rev. B 1.800.809.ILMN (1.800.809.4566) or +1.858.202.4566 (outside North America) www.illumina.com



Experiment Creation & Analysis  2-21
]

3. Select appropriate parameters, then click Select Output
Fields- coe Select Output Fields...

4. At the Output Data Selection dialog box (Figure 2-15), select
the data fields you want the output file to save by checking
or un-checking the Output Data pane boxes. Table 2-2 on
page 2-32 lists and describes these output file data fields.

2% BeadStudio Output Data Selection

Cutput Data

tdinimum Signal

taximum Signal
Mumber of Replicates
Feplicate Stdew
Bead Stdev

Mumber of Beads

Detection

l SelectAll I l Clear All I

Figure 2-15 Main Page Output Data Selection Dialog Box

5. Click OK (BeadStudio will return to the Experiment
Parameters dialog box).
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6. Click OK again at the Experiment Parameters dialog box to

start the output file generation process.
7. From this point, continue from step 8 on page 2-16.
Pulldown Menus

From the main toolbar, select Analysis | Gene Analysis... or
Analysis | Differential Expression Analysis (Figure 2-16).

~

|llumina BeadStudio - Brain

File gERENER

vs Liver - April 27
Tools  Help
E I Verify Sentrix Array Product 1304453201,

Gene Analysis.

|E Differential Expression Analysis. .,

2, Illumina BeadStudio - Brain vs Liver - April 2

File BEGEMSEEN Tools  Help

n . Werify Sentrix Array Product 1304452001, .,

Rl Gene Analysis...
|E Differential Ex sion Analysis. .,

\_

Figure 2-16  Analysis Mode Selected from the Menu Bar

)

Re-Launching the New Experiment Wizard

If you have been working in the BeadStudio Main Page, and
would like to start another new experiment using the New
Experiment Wizard (without shutting down and restarting the
whole application), from the menu bar, select File | New
Experiment Wizard... (Figure 2-17).

- hpril 2

-Z Illumina BeadStudio - Brain vs Liver
FEN Analysis Tools Help

Mew Experiment...

Open Expetiment. ..

Save Experiment weliver s | | Browse...

Save Experiment As...

\ Exit " V

Figure 2-17 Re-Launch New Experiment Wizard
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Saving Current Experiment & Loading Saved Experiments

» To save a current experiment, from the menu bar, select
File |Save Experiment or File |Save Experiment as.... ().

~

-Z Ilumina BeadStudio - B

FIEN Analysis Tools Help

Mew Experiment...

Mew Expetiment Wizardd,

Cpen Experiment. .,
¥periment

2% Illumina BeadStudio -
Z=8 Analysis  Tools Help

Mewy Experirment. ..

Mew Experiment Wizard...
Open Experiment. ..

Sawve Experiment

Save Experiment As...

Exit

petiment As. ..

N 1%

Figure 2-18 Save or Save As

NOTE:

When you save an experiment, BeadStudio creates a file
containing the list of selected samples and their groupings.
This file is distinct from the gene_profile, gene_diff and
qcinfo files generated when you process an experiment
through the Gene Analysis or Differential Expression
Analysis tools. By saving an experiment, you can preserve a
record of its layout.

» To load a saved experiment and re-process using different
options (e.g., different normalization), select File | Open
Experiment... (Figure 2-19).

2 llumina BeadStudio - B
51N Analysis  Tools  Help

Mew Experiment, ..
Mew Experiment Wizars
Open Experiment. ..

Save Experiment
Save Experiment &s...

Exit

Figure 2-19 Open Experiment
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Viewing Your Data
After the output files are generated and saved, to view your data
from the Main Page:

» From the menu bar, select Tools | Visualize Existing Data...
(Figure 2-20).

‘% | lllumina BeadStudio - Brain vs Liver - April 27

File  Analysis M8 Help
= RN | Visualize Existing Data... gt

Fiepozitary
|E:'\Bead8tudio RepozitorgsBrain we Liver | Browse...

Figure 2-20 Visualize Data from the Menu Bar

> From the toolbar, click Start scatter plot |# or
Start cluster analysis = -

-Z Illumina BeadStudio - Brain vs Liver - April 27 \
File Analvsis Tools Hels
H v ldi © &=
Repository Start scatter plot
| Repository\Brain vz Liver - April 27, 2008 vl [W]

File #Analysis Tools Help
Wl A2 -E
Fiepository Start cluster analysis)

| R epositoryhBrain we Liver - April 27, 2008 vl Browse. .

o

Figure 2-21 Visualize Data from the Toolbar

Scatter Plots, Cluster Analysis Dendrograms, and Control
Summary Graphs are described in Chapter 3, Data Visualization.
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Shortcut Tools for Defining Experiments

Illumina provides two shortcut tools for defining experiments
in BeadStudio:

» Group Layout File

Most useful for the 8 x 12 SAM format, where an experiment is
likely to be confined to one SAM. The Group Layout file can be
applied to multiple matrices having the same pattern.

» Sample Sheet

Most useful for Multiple SAMs or for BeadChips (all formats),
where an experiment likely spans several BeadChips.

Set Up & Apply Group  BeadStudio provides a quick alternative method for creating
Layout Files  large numbers of groups in complex experiments, saving
setup time.

The Apply Group Layout... option allows you to apply a

layout file you have already created (in MS Excel) to one
BeadChip or SAM. BeadStudio automatically creates groups
according to the applied layout file, then adds selected samples
to those groups.

Use the following template as a guide for creating your own
group layout files (Figure 2-22). This file must be saved as a
*.csv file.

E3 Microsoft Excel - drug timecourse_matrix.csy

@ File Edit Wew Insert Format Tools Data  Window Help

G183 - F
A B c D E F G H | J K L I

1 Row\Colurmn 1 2 3 4 g 5] 7 g 9 10 1 12
2 11000 min_A |120 min_A |030 min_B [000 min_C [120 min_& |030 min_D (000 min_E [120 min_E 030 min_F |000 min_G {120 min_G |030 min_H
3 21005 min_A 180 min_A 040 min_B (005 min_C 180 min_C |040 min_D |00& min_E |180 min_E |040 min_F |005 min_G [180 min_G 040 min_H
4 3|010 min_A |240 min_A 050 min_B |010 min_C |240 min_C [050 min_D [010 min_E [240 min_E |050 min_F |010 min_G |240 min_G |050 min_H
5 4020 rmin_A {300 min_A 060 min_B |020 min_C 300 min_C (060 min_D [020 min_E {300 min_E 060 min_F |020 min_G |300 min_G 050 min_H
5} 5|030 rmin_A 000 min_B 120 min_B 030 min_C 000 min_D120 min_D 030 min_E |000 min_F |120 min_F {030 rmin_G |000 min_H 120 min_H
7 6040 rmin_A 005 min_B 180 min_B 040 min_C (005 min_D 180 min_D [040 rmin_E |005 rmin_F |180 min_F {040 rmin_G |005 rmin_H |180 min_H
8 71050 mmin_A 010 min_B 240 min_B |050 min_C 010 min_D 240 min_D 050 rmin_E |010 min_F |240 min_F {050 rmin_G |010 rmin_H |240 min_H
g 81060 min_A 020 min_B 300 min_B 060 min_C 020 min_D 300 min_D 060 min_E |020 min_F 300 min_F |060 min_G |020 min_H 300 min_H
10

Figure 2-22 Group Layout File Example
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I
1. From the Groups pane toolbar, click

Apply Group Layout... 03 .

2. When the Open pop-up appears, navigate to the appropriate
file and click Open (Figure 2-23).

Lok i |E)Group L ayaut V| Q T 2 G-

E

My Recent
Documents
?E: Double-click the
Dokt highlighted file
Bean or click Open

My Documents

e

=
=
(]
e
ER 7.
=]
=
@

File name: |Example Experiment Description file.cav b | [ Open l

by Metwark Files of type: | b atrix Lapout Files [* cav) » | [ Cancel ]

Figure 2-23  Open Pop-Up
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3. Samples on the selected SAM will be mapped into groups
according to the Group Layout file you applied; those groups
will be displayed in the Groups listbox (Figure 2-24).

NOTE:

See Set Up & Apply Group Layout Files on page 2-25 for a file
format template example.

4. To display the samples for a group in the Groups listbox,
click the plus sign (+) next to that group (Figure 2-24).

2 Illumina BeadStudio - Treatment_vs_Control

File Analysis Tools Help

H o« i 2 2 8

Repository Groups
C:%BeadStudio Repositony - - @ Omin 1
=@ 10 min 3
Sentrix Array Products 1222920 _R001_Car
Bereaco R 1232920_R004_C0C
1232920 Array Matrix = 1232520 ROO7_CoC
1304452001 BeadChip Bx1 & | @ 20min 1
1308980011 BeadChip Bx2 - +- @ 3min 1
1308980012 BeadChip Bx2 @ 40 min 1
1308980013 BeadChip Bx2 »
1308820014 BeadChip 62
1308930015 BeadChip Gx2
M
*
Select
a1 [ Mome | [ Reverse
< >

DirectHyb Mode

Figure 2-24 7 Groups Displayed per Applied Group Layout File

NOTE:

Each Beadchip layout must be saved in a separate group
layout file.
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Set Up & Apply  To help BeadStudio effectively track your samples and assay,
E Sample Sheet  Illumina recommends you create a Sample Sheet.

Create your Sample Sheet in MS Excel, according to the
guidelines provided in Table 2-1.

NOTE:

The Sample Sheet is used in Illumina’s Genotyping products as well
as its Gene Expression products. Therefore, some columns in the
Sample Sheet are relevant to one or the other, but not both,
product lines). Table 2-1 displays the Sample Sheet columns that
BeadStudio uses in

Table 2-1 Sample Sheet Guidelines

For example, S12345.

If not user-specified, the BeadStudio application will assign a s}
default sample name, concatenating the sample plate and
sample well names.

For example, AO1.

The well containing the specific sample in the 96-well o
sample plate.

For example, XXXXXXXXX-RNA.

User-specified name for the plate containing RNA samples. 0
For example, Group_1
User-specified name of the sample group. R

Note: If Sample_Group is missing, BeadStudio creates one group
with the name "Default Group”

Not Used for Direct Hyb.

= ‘ For example, GS0006187-DAP. Name of
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Table 2-1 Sample Sheet Guidelines (continued)

Description

Optional (O)
or
Required (R)

PO (For example, 1167988

SAM or BeadChip ID R
For example, R0O01_C001 for a SAM, A1 for a BeadChip.
Spiidb e Zertaer||For SAMs, the SAM sample to which the sample is hybridized. R

For BeadChips, the section to which the sample is hybridized.

you choose.

» Your sample sheet header may contain any, and as much, information as

= Your sample sheet may contain any number of columns you choose.
= Your sample sheet must be in a comma-delimited (.csv) file format

1.800.809.ILMN (1.800.809.4566) or +1.858.202.4566 (outside North America) www.illumina.com
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BeadStudio User Guide

I
Figure 2-25 provides examples of the flexible Sample Sheet
format for both BeadChip and SAM. The BeadStudio
Documentation CD (Illumina part # 11181791) includes
electronic, read-only Sample Sheet template files (Sample Sheet
Template for BeadChip.csv and Sample Sheet Template for
SAM.csv) you can copy and use.

Microsoft Excel - Sample Sheet Template for BeadChip.csv
] ple Edt Vew Inset Fomat Took Data Window Help AdohePDF

-

W47 - »
A B € D E F G H

1 |[Header]
2 Investigator Name
3 Project Name
4 Experiment Name
5 Date
6
7 [Data]
8 Sample_Name  Sample_Well Sample_Plate |Sample_Group Posl_ID Sentrix_ID__ Sentrix_Position

AT Al
10 A4 A2
11 803 =]
12 804 E2
13 o3 1
14 o4 c2
15 003 (o]
16 D04 02
17 E03 Ef
18 E04 E2
19 FO3 Fi
20 FO4 F2
21 603 Gl
2 604 G2
23 HO3 Hi
24 HO4 H2
25 A1 Al
%6 AL A2
27 01 Bl
%6 602 B2
2 ot 1
Ell} 02 c2
Ell D01 (o]
3z D02 02
3 EO1 Ef
34 E02 E2
35 FO1 Fi
36 2 F2
4« » w\Sample Sheet Template for BeadC / |«|

Sentrix_Position name

~

corresponds to the .idat file
naming conventions for the
specific BeadChip format
under analysis

B Microsoft Excel - Sample Sheet for S&M Template.csv:

E\Ie Edit  View Insert Format Tools Dats  Window Help  AdobePOF
78 A 22

A B c D E F G
1 |[Header]
2 Investigator Name
3 Project Name
4 Experiment Name
5 Date
6
7 |[Data]
8 Sample_Mame  Sample_Well Sample_Plate Sample_Group Pool_ID | Sentrix_ID Sentrix_Position
a A0 ROOT_COO1
10 AD2 ROOT_CO02
11 A03 ROOT_CO03
12 AD4 ROO1_CO04
13 A05 ROO1_CO05
14 A6 ROO1_CO06
15 A7 ROO1_CO07
18 08 ROOT_CO03
17 A09 ROOT_CO09
18 A0 ROOT_CO10
19 ATl ROOT_COT1
pi] A12 ROO1_CO12
21 BO1 RO0Z_CO01
pr] B2 RO0Z_CO02
pa] B03 RO02_CO03
24 B804 RO0Z_CO04
25 B05 RO0Z_CO05
P B06 RO02_CO06
7 BO7 RO0Z_COO7
pic] B03 RO0Z_CO08
P B09 RO0Z_CO09
30 10 ROO0Z_CO10
31 B11 RO0Z_CO11
2 B12 RO0Z_CO12
5] co1 ROO3_CO01
34 co2 ROO3_CO02
] co3 ROO3_CO03
S 4 RO03_CO04
M 4 » W]\Sample Sheet for SAM Template / |«]

Figure 2-25 Sample Sheet Examples

Doc. # 11179632 Rev. B
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1. From the Groups pane toolbar, click
Load from sample sheet...

2. When the Open Sample Sheet pop-up appears, navigate to
the appropriate file and click Open (Figure 2-26).

Open Sample Sheet @

Lack in: |L'f}5ample Sheets v| [ W B e

Sample_sheet & BeadChips, csy

a0 —
WL-
0
fu
9 |

|

(L Double-click the
Deskt highlighted file
Ezklo
" or click Open

by Documents

@

by Computer

File name: |Sample_8heet E BeadChips.caw V| [ Open ]

Py M etk Files of lype: | Sample sheet files [* cav) v | [ Cancel ]

Figure 2-26 Open Sample Sheet Pop-Up

NOTE:

If data files are missing, a warning message will alert you

(Figure 2-27). If this message pops up: 1) check your Sample Sheet
for errors; 2) ensure that your data files are in the proper
location; and 3) ensure that the repository is correctly selected.

BeadStudio

! E 96 intensity files are missing in the repository,
-

Figure 2-27 Missing Sample Sheet Data Files Warning Message

1.800.809.ILMN (1.800.809.4566) or +1.858.202.4566 (outside North America) www.illumina.com Doc. # 11179632 Rev. B
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Gene Analysis Output Files
Following gene analysis, the files listed below are created and
placed in the directory for the associated experiment:
P XXXXXX_gene_profile.csv OR XXXXXX_gene_profile.txt

P XXXXXX_gene_probe_profile.csv OR
XXXXXX_gene_probe_profile.txt

> XXXXXX_gcinfo.csv OR XXXXXX_qcinfo.txt
Where “XXXXXX” is the experiment name.

» If you have selected the MAGE-ML output format, the file
created will be: XXXXXX_MAGE-ML.xml

Table 2-2 provides brief descriptions of the output files.

Table 2-2 Output File Descriptions

Intensity data and various quality scores reported at the gene
XXXXXX_gene_profile level. Signals from probes for the same gene are combined to
give a single value for the gene.

Intensity data and various quality scores reported at the probe
XXXXXX_gene_probe_profile level. Each probe is listed individually. This file is only generated
for experiments using more than one probe per gene.

; Intensity determining if gene expression levels have changed
XXXXXX_gene_diff between two experimental groups.

Intensity data for categories of experimental control probes. The
XXXXXX qcinfo categories of controls reported in the file are described in the
-4 System Manual System Controls appendix for your specific
product.

NOTE: Detailed descriptions of the contents of these files is provided in Tables 2-3, 2-5, and Table 2-5.
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Refer to Figures 2-28 through 2-31 and Tables 2-3 and 2-5
for example output files and column heading
descriptions, respectively.

Fd Microsoft Excel - Experiment 1_gene_profile.csy =& x
@ File Edit Wew Insert Format Tools D[ata  Window Help  Adobe PDF Type aquestionforhelp = o @ =
Y34 - A 001036475
A B C p | E | F G J K L M | N [ o |

il e s e e _

21
7]
2
4]
25
3
27|
28
2]
30
JE
31
33
3]
Ed
38

lllurnina Inc. BeadStudio X version 1.4.0.0
Mormalization = none
Array Content = RefSeq_Content.xml
Error Maodel = none
DateTime = 10/12/2004 3.03 P
Local Settings = en-US

Il

TargetlD  MIN_Signz AVG_Sign MAY_Sign NARRAY S ARRAY_S BEAD_STIAvg_NBEZL Detection-tWIMN_Signs AVG_Sign MAX_Sign NARRAYE ARRAY_S BEAD_ST( A

G1_100470
G1_100470
GI_100470
G1_100470
Gl_100471
Gl_100471
GI_100471
G1_100471
GI_100471
G1_100454
GI_100925
G1_100925
GI_100925
GI_100926
G1_100926
GI_100926
G1_100926
GI_100926
G1_1009268
Gl_100926
G1_1009268
Gl_100926
G1_100926
GI_100926
G1_100926
GI_101906
G1_101908
GI_101906

_37 Gl 1019068

330
9403
1747 1
4268 4
57325
20122
2793
B41.6
5323
2442
o) =t
540.8
6193
415.4
G556
E18.8
3783
30138
472
3239
865.3
380
1631.3
G402
34583
2512
B58.2
4205
3529

3323 3346 2 33 226 29 0.31104
06084 927 .6 2 5953 43.2 26 1
19752 22032 2 3225 100.5 36 1
43428 MXTE 2 119.5 144.1 a0 1
BEORG|  74581.2 2 12365 3507 3 1
23133 26144 2 425.8 1248 32 1
287.2 2952 2 1.2 17.4 44 0.051773
657 .4 753.3 2 78 24.1 45 1
9567 4311 2 34.5 20.4 33 1
2476 251 2 4.8 10.3 35 0.004113
3369 3554 2 26.1 147 44 0.36351
587 B33.2 2 B5.3 347 33 1
BO2.7 746.1 2 99.7 206 47 1
416.9 418.5 2 22 283 30 0.951802
6309 7222 2 443 48.9 23 1
BE0.3 701.8 2 8.7 T 42 1
39686 418.9 2 287 21.9 31 0.67944
3708 44022 2 931.8 1158 42 1
466.5 501 2 208 318 32| 0.999884
3559 385 2 453 20.4 36 0.528093
9338 952.3 2 B5.6 382 45 1
387.2 3945 2 103 186 27 DB1577E
1529.4 20275 2 280.2 0.5 42 1
9037 967.2 2 9.0 465 20 1
366.1 3586.8 2 283 19 46 0.65401
2794 077 2 40 16.3 29 0.035913
BE69.6 B51.1 2 16.2 3|7 H 1
432.9 445.4 2 176 0.7 24 093161
3548 356 2 2h 199 40

14 4 ¢ diFxneriment 1 nene nrafile

Figure 2-28 Example XXXXXX_gene_profile File

NOTE:

The example shown in Figure 2-28 was generated in a “column-
oriented” format. When generated in “column-oriented” format,
the GrouplD column that appears in the “row-oriented” format
(not shown) disappears, and the GrouplD is appended

to all column headings according to the group with which

they are associated.
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0531922 |

2744
7006

1686.5
41598.8
5160.6

2058
2301
626.7
a00.7

225
3299
454.6
G18.9
365.4
G003
G466
34249

29878

391.2
286.3

778
360.2

15256

4

737
349.5
214.4
675.6

425
2911

308
G346
18119
47722
5711.3
2403.2
2531
652.7
5154
2372
336.4
540.8
661.5
407 8
647.1
663.6
357 .8
3318.2
478.6
306.7
500.8
387.3
1541.3
7904
35871
23845
692.4
4419
307.3

3247
917 .8
19229
5218
B137.7
2679.4
K27
657.4
5416
2823
345
619.8
7418
4517
706.2
65832
4313
35039
532.3
3347
5331
4388
1566.8
663.5
435.7
2581
7119
4514
7.8

3

L0000 00 0 G000 0 00 0 G000 G000 00 00 0G0 L) 00 0 0 o)

287 201
172 42.8
1188 4.3
521.8 173
500.3 2888
316.4 118.1

215 126

389 206

224 26.8

13.9 16.5

7 16.4

706 304

69,4 281

43.2 el

63.9 6.5

185 302

44.3 18.1
286.9 6.7

764 304

251 22

286 256

455 201

223 BO.6

63.3 44

441 26.1

226 14.3

16.3 42

147 243

142 16.1 |
ol
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Table 2-3

BeadStudio User Guide

gene_profile Column Descriptions

GrouplD Identifies the experimental group.
TargetID Identifies the gene name
ProbelD Identifies the bead type
MIN Signal * Minimum intensity of the Bead Type/target in the group
AVG Signal * Average intensity of the Bead Type/target in the group
MAX Signal * Maximum intensity of the Bead Type/target in the group
NARRAYS Number of samples in the group
Standard deviation associated with sample-to-sample variability
ARRAY_STDEV within the group (undefined when the group contains a single
sample)
DEAD STORY  4TagE standard devition ssociated with e to-bead
AVG_NBEADS ,é\r\]/grga\g,:enumber of beads per bead type representing probes for
1-p-value computed from the background model characterizing the
Detection chance that the target sequence signal was distinguishable from

the negative controls

[ DASL™ Assaa 0/1

Used for masking unverified probes in DASL mode.

[ DASL™ Assaa In DASL Mode, signal is the sum of the red and green channel signals.
Bead stdev is an average of bead stdev on red and green channels.

* In the case of groups containing only one sample, MIN, AVG, and MAX signals are equal.
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Fd Microsoft Excel - Experiment 1_gene_probe_profile.csv =1=1
@ File Edt “iew Insert Format Tools Data  Window Help  Adobe PDF Type aquestion forbelp = o &
AATT - 3
A | B | ¢ | b | E | F | 6 H J K L M o |

1 |llumina Inc. BeadStudio ¥ version 1.4.0.0
2 |Normalization = none
3 |Array Content = HumanTax 1. xml
_4 |Eror hodel = none
5 |DateTime = 10/12/2004 3:12 PM
B |Local Settings = en-US

7
ETarget\D PrabelD  |MIM_Signs &%G_Sign MAX Sign NARRAYZARRAY S BEAD STlAvg MBEADetection-1MIN_Signs AVG_Sign MAX_ Sign NARRAYE ARRAY S BE
9 |GI_100926 6o 98.3 1418 3059 60 421 6.2 27| 02682150 983 13745 306.9 36 399
A0 |G1_100526 782 448.6) 26492 4177 &0 932.4 99.9 30| 0895418 9602 24742 40447 36 7011
A1 |G1_107165 b1 190 4568 1575.5 60 2046 196 28| 0.46694 2106 4531 1575.5 36 2247
A2 |G1_107165 4303 1027 450.7 7389 &0 1446 212 30| 0.605246 1027 478.3 738.9 36 1385
13 |51_108349 101 106.9 215.4 1262.6 &0 168.7 116 28| 0.307751 1089 1821 451 36 806
A4 |G1_108349 26811 996 136.5 1070.7 &0 1267 11.2 27| 0279278 956 1267 293.2 36 342
a8 |i51_108349 2831 1334 18809 27861 &0 7224 g1.3 30| 0.990133 643 18151 25838.5 36 651.8
B |G1_103349 50700 18815 24708 33177 B0 3981 1086 26| 0.999334 168923 23391 2963.6 36 330
A7 |51 108350 273 38620 15061 riy &0 457.8 65.1 29| 0.955617 3962 14649 23473 36 3856
A8 |G1_108350 4969 g69.1 26846 34176 B0 409.4 105.4 27| 0.999906 17068 27106 31463 36 2807
19 |1 108350 230 162.4 a96.4 1280.9 &0 226.3 403 27| 0.779958 a42.4 9348 12909 36 1805
20 |Gl_108350 2833 1707 24364 34737 60 6642 9B 30| 0.999861 1803.7  2R054) 33511 36 6543
21|i1_108351 153 127.4 761.8 1560.6 &0 364.7 366 28| 0.673738 g 7893 16606 36 3492
22 |G1_108351 1331 115 933 32478 60| 1009.5 465 33| 0.506859 116 6512 24700 36 783
23 |G1_108351 54 8478 18763 27882 &0 436.4 75 30| 0.990404 12329 18847 24464 36 3305
24 |51_108351 4115 104.3 468.6 113 60 335 7 27| 0.534934 13645 530 1313 L] s
26 |G1_108351 jala] 1634  1816.3 23869 &0 486.5 6.1 30| 0.857998 2846 15748 23959 36 356 6
26 |51_108351 74 1742 11774 30102 &0 4377 472 29| 0.863234 4355 11196 15204 36 2855
27 |G1_108351 1022 235.2) 18945 38985 &0 634 G5.6 30| 0.990143 4986 19466 38935 36 629.4
28 |51 108351 75 1883 18159 31367 &0 604.8 483 27| 0.934104 g12 1763 26654 36 3892
29 |G1_103351 1342 2345 11413 20817 B0 400.2 ad.7 30| 0.843986 7411 11186 19629 36 3009
30 |1 108351 905 3326 22686 36762 &0 970.3 a58.7 30| 0.999651 436.4) 24869 36762 36 9313
31 |G1_108351 4857 146.6 5474 1379.8 B0 239 251 29| 0.504853 2139 4928, 11763 36 21134

2 |G1_108351 1650 117.3 183.3 305.4 &0 421 7.4 31| 0.313388 1214 1848 827 36 366

Figure 2-29 Example XXXXXX_gene_probe_profile File

NOTE:

The output file column headings are essentially the same
for gene_probe_profile file as for the gene_profile file.

The example shown in Figure 2-29 was generated in a “column-

oriented” format. When generated in “column-oriented” format,

the GrouplD column that appears in the “row-oriented” format
disappears, and the GrouplD is appended to all column headings
according to the group with which they are associated.

See Table 2-3.
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Fle Edt Vew Insst Format Tooks Data  Window Help  Adobe PDF -8 X
uU7g hd i
A B o] D E F G H J K L M N 0] P Q R = =l
1 llumina Inc. BeadStudio version 1.5.0.32 |
2 |Normalization = rank invariant
3 |Array Cont REFSEC2 BETA _PN1119350684 11193418.xml
4 |Error Model = lllumina custorm
5 |DataTirme = 3/14/2005 5:18 PM
B |Local Settings = en-US
7
B TargetlD  MIN_Signz AVG_Sign MAX Sign NARRAYSARRAY_S BEAD STIAvy_NBEZL Detection-t MIN_Signz AVG_Sign MAX_Sign NARRAYEARRAY 5 BEAD_ST|Avg_NBEA Detection-! DiffScore-C Concardance-
9 |GI100470 217221 -58.4382) -214412 4 105891 553711 23 0200257 -16.4037 226799 15.8675 4 140107 387035 28 0758665 4.525339 1
10 GI_100470 127944 777205 224001 4 888167 777199 26 1) 127637 36B1.75 556047 4 248932 123865 28 1) 14.83077 1
11 Gl 100470 1458568 822508 125211 4 47.3832 B8B1703 21 0897433 G7.2704 B25376 107.484 4 18.0455 §.29963 21 0996716 0.012442 1
12 Gl 100470 142521 199.299 283.069 4 BB.8922 787185 24 10 144167 321893 39715 4 118951 169837 Ell 1 530827 1
13 GI_100470  51.4251 86.1386 179.453 4 B22975 793211 26 0993582 28.5322 454389) B4.3237 4 26.0934 511369 25 0994865 -2.12 1
14 Gl 100471 482688 54248 651762 4 750719 168.01 2 1) 630.146 B552.742 E579.455 4221244 202071 28 1) 0.198995 1
15 Gl 100471 -7.38113) 520672 23.5638 4 13.07 117.598 16 0.509628) -3.07645 437764 150908 4 842779 492085 18| 0.750963 -0.04388 1
16 GI_100471 -163.981 130281 215524 4 102774 132743 16 1 537882 107077 22367 4 789989 613267 17 1) -1.42058 1
17 Gl 100471 47 6557 73.1958 103.352 4 245767 826027 29 0994865 612685 403528 101.832 4 423186 672642 34/ 0992298 -166271 1
18 Gl 100471 -B2.5197 250353 1.39281 4 38.B0B6 527497 18 0.269576 -6.733) -2.55045 (.290878 4 301447 388768 28| 0.417202) 1.477926 1
19 GI_100471 104725 149.264  187.203 4 36.9451  121.806 pc] 10 212417 77.8953  198.708 4 83011 B.55031 31 0997433 -3.22911 1
20 Gl 100471 -448.657 -86.8451 B81.5676 4 244197 57 6089 22 0.875861) -3.42268 148.16| 228,579 4 106547 103562 26 1) 10.54499 1
21 G 100471 -2.53302) 91.4028 362574 4 180803 668328 33 0727856) 661327 1.09663 590508 4 538096 34459 28| DB04621| -4.47858 1
22 GI_100484 6.24B068 558056 198.33 4 950275 794285 28 0B56226) -3.43491 203055 755036 4 546115 368953 28 0684211 -3.28634 1
23 Gl 100925 14.4012 596895 9350.01 4 433028 240011 prc] 1) 412108) 360398 111185 4 5161.64 107.236 26 1) -3.16334 1
24 G 100925 16.4421 172111 625633 4302399 125391 22 0971753 17.0193) 34783 46.193 4 139667 510863 26/ 0992298 -4.21825 1
25 GI_100925  -SB.852 173607 303.404 4 182543 741822 33 1 224793 243501 261.435 4 152929 120526 2B 1) 2978903 1
26 GI_100926 -2.463168 822593 323016 4 160547 156.139 25 0736842 737297 -1.06679) 561948 4 635206 358906 27 0.488074| -4.5B967 1
27 Gl 100926 -254076 G655 258229 4 127977 990858 34 0722721 0782959 7.34418| 12,4992 4 508244 44133 30| 0.B56226) -3.59413 1 !
28 GI_100926 -480.897 -86.5484  50.032 4 262526 EB0.0903 17 098973 387138 456048 B3.5908 4 120085 581132 22/ 0994865 475288 1
29 GI_100926 -317.893 -51.0718 57.4594 4 178518 899667 16 0883312 267981 944003 134.852 4 48191 902925 18 1) B.371561 1
30 Gl 100926 -138.725 571323 966.441 4 420001 58.0524 19 1) 333227 529503 1011.84 4 32297 252052 27 1 -05173 1
31 Gl 100926 -62.2089  2.39081 30.238 4433128 108.811 21 0955071 154333 41.8312) 54.4369 4 181022 4.B5938 27 0994865 2.603811 1
32 GI_100926 -34.1907 56313 523895 4 190672 563735 25 0673941 396516 3.01955 10.5185 4 B95153 414676 24| 0664211 0.494216 1
33 Gl 100926 -453.767 -94.8622 30.8878 4 239309 895317 19 0846085 27.2234 444041 E5B1475 4 128431 715316 21 0994865 5720199 1
34 G 100926 176211 948973 37088 4 184029 854288 24 0783055 -1B8697 529805 102194 4 582907 3.94081 35 0816431 -4.3458 1
356 GI_100926 105171 184479 242067 4 584807 57.4599 22 1) 183231 195714 213167 4 138972 100616 27 1) 0.400796 1
36 Gl 100926 240882 148.841 478.457 4 220088 124581 22 0891014 181103 466569 61.2336 4 19.5609 522441 23 0994865  -4.16633 1
37 G 100926 -118.898 -B.E3977  47.0997 4 76.3478  76.404 20 0970475 7.1B55B 148579 25,5095 4 780164 48152 24 0938383 1.314714 1
38 GI_101906 -10.0417 4865275 243033 4 124.41 889303 23 D.405648| -5.41698) -1.56848 437644 4 530472 4717528 22| 0.442875| -3.61494 1
39 Gl 101906 6.25144 516251 195611 4 86314 100.675 12 0738558 -3.82133) 351727 104189 4 6599244 667606 13| 0.713736 -2.68008 1
40 Gl 1019068 057584 814138 323.441 4 16813856 142273 15 070475 -B.E3161) -1.91898 317917 4 42789 481849 200 0467266 -4.5674 1
41 GI_101906 -B.24BB3 239033 94.2822 4 47.3866  150.503 14 0.6817458 -B.57349 18818 122211 4 9p50B4 541567 17| 0.681643 -1.28534 1
42 Gl 101906 -97.4921 175861 324.413 4 186192 719829 v 1 -131307 100677 34434 4 166114 G.OBG31 23 0996716 -2 40679 1
43 Gl 101906 26.8952 114932 289.022 4 118658 924012 19 0993582 30.0152) 462171 629207 4 13.4398  B.71875 20 0994865 -3.77025 1
44 GI_101908  7.4438 21.4284  50.6308 4 196995 ©BB6.BE38 25 08819 789682 119654 16.2436 4 428759 508599 27 0918276 -0.5056 1 1
45 GI 101906 155967 487644 136468 4 67.9236 803437 26 0.85122) 137383 180468 23.1508 4 3877TH 4.3863 30 0961462 -1.7686 1
46 G 101906 -235017 -B3.015 -12.6803 4 110671 598329 27 0032092 985629 -5.92684) 324063 4 B.14306 315098 25 0181001 4605869 1
47 GI_101906 -168.464 -39.0851 11.8149 4 B6.4402 131.468 10 0.626444 481615 122968 192326 4 592992 EB.84515 17| 0.929397 | 4.182477 1
48 Gl 101906 -14.2863 969001 399522 4 201883 112733 11 0585366 1.22207 2641 657168 4 262171 582456 17| 0.676508 -4.16242 1
49 G 101906 0926102 32897 120741 4 5B8.5934 827568 19 0715019 -3.50909 -063568 3.25723 4 29238 373412 22/ 0501926) -1.98184 1 -
W 4 r W\Brain vs. Liver Differential Ex / T T T ks T oo | I}

Figure 2-30 Example XXXXXX_gene_diff File
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gene_diff Column Descriptions

TargetID Identifies the experimental group.
MIN Signal * Minimum intensity of the Bead Type/target in the group
AVG Signal * Average intensity of the Bead Type/target in the group
MAX Signal * Maximum intensity of the Bead Type/target in the group
NARRAYS Number of samples in the group

ARRAY_STDEV

Standard deviation associated with sample-to-sample variability
within the group (undefined when the group contains a single
sample)

Average standard deviation associated with bead-to-bead

BEAD_STDEV variability for the samples in the group
AVG_NBEADS ,é\r\]/erage number of beads per bead type representing probes for
e gene
1-p-value computed from the background model characterizing the
Detection chance that the target sequence signal was distinguishable from
the negative controls
DiffScore Statistical confidence that the gene's expression has changed with
respect to a reference group
Concordance Number of probes showing upregulated signal compared to the

number of probes showing downregulated signal

DASL™ Assaﬂ 0/1

Used for masking unverified probes in DASL mode.

DASL™ Assaﬂ In DASL Mode, signal is the sum of the red and green channel signals.

* In the case of groups containing only one sample, MIN, AVG, and MAX signals are equal.

Bead stdev is an average of bead stdev on red and green channels.
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[
=i

E3 Microsoft Excel - Experiment 1_qcinfo.csv

@ Fle Edit Yew Insert Format Todls Data  ‘Window Help  Adobe FDF Type aquestion for help = 2 1
AH31 - f~ 0.50000002

A |8 [ o [ o [ E [ F [ & [ H | Lk e wm [N [ o
| 1 |llumina Inc. BeadStudio X version 1.4.0.0
| 2 |Mormalization = none
| 3 |Array Content = HumanToxd sl
| 4 |Error Model = none
| & |DateTime = 10/12/2004 3:12 PM
| B |Local Settings = en-US

7

EArrale AWG-Sign: AVG-Sedy AVG-Deter AvG-Sign: AVG-Seqy AvG-Deter AVG-Sign: AVG-Serhy AV G-Detel AVG-Sign: AVG-Seqy AvG-Deter AvG-Signi AVvG-Seghy
| 9 |1202085 C 110.2 3.6 0.166543 1215 8.7 0178552 33311 7455 1 34452 234 1 1131 697.9
| 10 |1202085_C 96.5 2.4 0.151658 17 10,5 0165394 44778 4428 1 48322 815.2 1 14232 897.8
| 11 |1202085_C 105.2 8.2 018247 1156 13,5/ 0.190978 4000 N7 9 1 4517.4 Nns 1 1387 2 8761
| 12 |1202085_C 116.6 1.8 0.208321 116.4 7.9 0206205 43847 6979 1 441041 1226 1 13354 855.3
| 13 |1202085 _C 1025 9.5 0203523 126 18 0224079 46295 873.8 1 44686 158.8 1 13298 862.5
| 14 |1202085_C 109.7 2.5 0224982 1133 BB 0228234 45248 830.3 1 48138 380.3 1 12968 8677
| 15 |1202085_C 1139 7.5 024371 1126 5.8 0242434 47925 587.5 1 47763 244 1 12947 a94.5
| 16 |1202085_C 106.1 9.2 0.25368 127.1 13.9) 0.254674 4687 853.5 1 4513 535 1 11851 a07.2
| 17 |1202085 _C 185.7 329 0291621 199.2 16) 0294873 44908 1083 1 4615 152.4 1 12853 890.2
| 18 |1202085_C 100 1 0201119 103.7 129 0202359 42741 854.9 0929953 4368 408 0999993 14135 8429
| 19 |1202085_C 103.2 6.1 0204135 108.6 153 0.205846 49832 7461 0939999 4B176 2254 05999996 15974 9286
| 20 |1202085_C 100.7 2.6 0197923 114.2 9.2 0202408 41508 G50.9 (0.99996 42657 928 0999977 14375 835
| 21 |1202085_E 101.4 10.5) 0181751 109.2 14.4) 0187061 47833 208.7 1 4913.2 748 1 1488 9732
| 22 |1202085_E 108.9 9.7 0.163856 1222 166 017319 429232 9811 1 37E0.7 1226 1 13918 859.8
| 23 |1202085_E 115.2 2.4 0177663 126.9 17.5 0.185363 45028 6333 1 47006 177.1 1 1496.4 9482
| 24 |1202085_E 101.1 1.6 0.197996 1266 15.2| 0.216543 46063 10131 1 47349 G6.1 1 14418 36
| 26 |1202085_E 1106 4.9 0201248 1211 5.5 0209759 44613 712.8 1 44954 170.7 1 13359 863.2
| 26 |1202085_E 115.9 8.3 0233448 115 11.3) 0232679 45478 7739 1 42447 128 1 12853 8539
| 27 |1202065_E 111.2 12.4) 0247984 1231 11.2) 0257667 48115 412 1 47878 157.7 1 1323 a01.1
| 26 |1202085_E 100.4 2| 0.260493 106.6 5.4 0266898 43148 a11.2 1 44933 156.9 1 1128 7957
| 29 |1202085_E 29.8 1.2 0.295004 1125 8.8 0311743 40724 8374 1 3892 388.6 1 976.7 7313
| 30 |1202085_E 108.6 11.9) 0199828 110.9 10.6) 0.200528 46451 7228 099998 46788 199.6) 0.999983  1485.2 8677
| 31 |1202065_E 118.2 8.5 0.214064 118 0.9 0213994 46923 635.2 0992934 46268 110.5) 0.999992) 14614 8408.3

Figure 2-31 Example XXXXXX_gcinfo File for Group Gene Analysis

Doc

NOTE:

The qcinfo file contains statistics for various controls and allows
you to access performance measures for the experiment. It
contains raw data, not normalized data. The categories of controls
reported in the file are described in the System Manual System
Controls appendix for your specific product.
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Table 2-5 gcinfo Column Descriptions

ArraylD

Uniquely identifies the sample by combined BeadChip ID and position of the
sample on the SAM or BeadChip.

All other column
headings

Names of control categories for which BeadStudio computes performance
metrics.

For each control category:
- AVG-Signal-XXX
> average signal of probes of a particular type (for example, probes
corresponding to Cy3_hyb_low control targets)
- AVG-SeqVAR-XXX
> average standard deviation of probes corresponding to the same
target transcript, where averaging occurs for all targets of the same
type (for example, all genes, all housekeeping controls)
- AVG-Detection-XXX
> average detection 1-p-value for probes of a particular type

NOTE:

“XXX” is a probe type name. Types are described in the “System
Controls” appendix in each Illumina product manual.

1.800.809.ILMN (1.800.809.4566) or +1.858.202.4566 (outside North America) www.illumina.com Doc. # 11179632 Rev. B




2-40 BeadStudio User Guide

[ DASL™ Assa

y

Doc. # 11179632 Rev. B

J Creating the Mask File

If genomic DNA was used in a DASL Assay to verify probe
performance, you can select probes that should be excluded
from further analysis. Because all probes are designed to be
intraexonic, all probes should be detectable when genomic DNA
is used as a sample. Therefore, the Detection score reported in
the XXXXXX_gene_probe_profile file can be used as an objective
measure of probe performance on genomic DNA.

Illumina recommends excluding probes that have a Detection
score of less than 1 on genomic DNA. However, you may define
your own exclusion criteria.

In DASL mode, the XXXXXX_gene_probe_profile file contains an
additional column, with the heading 0/1. By default, this column
will display a 1 in all rows containing probe-level data.

To exclude a probe:
1. Change the 1 to 0 in the 0/1 column.

2. Delete all the data columns between the Probe_ID column
and the 0/1 column.

3. Save the file as a *.csv file in the same repository where the
Content Descriptor file is stored. The file need not conform
to a naming convention.

NOTE:

Any *.csv file present in the same repository as Content
Descriptor files will appear in the Experiment Parameters
pulldown menu. To avoid confusion, Illumina advises the use
of separate repositories for Content Descriptor and for SAM/
BeadChip data.
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Browse History

BeadStudio maintains a historical record of repository browse
actions. To view your browse history, click the down arrow
:| to the left of the Browse button (Figure 2-32).

2, Illumina BeadStudio

File analysis Tools Help

¥ =

Repositony

C \BeadStudlo Heposﬂor_l,l\ﬁ:-c‘l

I TTICT

Figure 2-32  Browse History Pulldown List

Clear or Copy Message Log Feature

To either copy the contents of the message log pane or to clear
the message log pane, right-click anywhere in the pane, then
click either Copy or Clear (Figure 2-33).

R WETEETTEN |
Select
[ ] [ Mone | [ Revenss
BeadStudio 1.5.0.26 started in DirectHyh mode

Descriptor= BDCHP.8X1,REFEEQ2,BETA_PMN11193506A_11193418.5ml
Loading manifest file CiDocuments and Setti I il 1 DatalBeadStudio D riptorsiBDCHP.8X1 REFSEQ2,BETA_PN111335062_11193,

Manifest file has heen successfully loaded,
Copy

Descriptor= BDCHP.8X1,REFEEQ2,BETA_PMN11193506A_11193418.5ml
< b

DirzetHyb Made

Figure 2-337 Message Pane Clear/Copy Button
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NOTES
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Introduction
This chapter describes BeadStudio’s data visualization functions,
used to create:
b Scatter plots (using Start scatter plot tool)

» Cluster analysis diagrams (dendrograms) (using Start cluster
analysis tool)

» Control Summary Reports (using the Tools | Visualize
Existing Data... menu bar selection)

Use these tools to explore the data you created using the Gene
Analysis or Differential Expression Analysis tools (described in
Chapter 2, Experiment Creation & Analysis).
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|

Accessing the Data  Access the data visualization functions either from the New
Visualization Tools = Experiment Wizard (see below) or from the BeadStudio main

page (page 3-4).
From the New Experiment Wizard

In the last dialog box displayed in the New Experiment Wizard
(How do you want to view your data? pane -- Figure 3-1):

1. Select the radio button next to the desired tool.
2. Click OK.

The wizard will automatically launch the selected tool using the
experimental data most recently processed.

iew Brain ¥s Liver - April 27, 2005_gene_profile.csy

How do pou want to wiews wour data?
(%) Make scatter plots from the data
() Make cluster diagrams from the data
(") Generate a Control Summary Feport

(7 Wiew the folder containing this file

ak l [ Cancel

Figure 3-1  How do you want to view your data? Dialog Box

1.800.809.ILMN (1.800.809.4566) or +1.858.202.4566 (outside North America) www.illumina.com Doc. #11179632 Rev. B
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From the BeadStudio Main Page

You can use the main page menu bar or tool bar to visualize
your data. These two methods are described below.

1. At the menu bar:

a. Select Tools | Visualize Existing Data... (Figure 3-2).

‘%, Illumina BeadStudio
File  Analysis Bl

H « i /I sting Data... ||

Repogsitony
| T ol o

Figure 3-2  Tools Menu

b. At the Please select the data file you want to visualize
box, browse to your processed data output files,
highlight the file you want to use (gene_profile,
gene_probe_profile, or gene_diff), and click Open
(Figure 3-3).

Please select the data file youwant to visualize @

Look in: |L'f)Dutput V| ] ? | '

D

My Recent
Documents

=)

Desktop

My Documents

My Cormplter

File name: |Brain wg Liver - &pril 27, 2005_gene_diffcsy % | [ Open ]

by Metwaork, | Files of lype: |F'rofile files/Diff files [*_gene_profile”s*_gene_pr v| [ Cancel ]

Figure 3-3  Browse to the Data File
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NOTE:

Only files generated in column-oriented format are supported.

c. At the next dialog box, How do you want to view your
data? pane (same as shown in Figure 3-1), select the
radio button next to the desired tool and click OK.

d. BeadStudio will launch the selected tool using the
experimental data you specified in step b, above.

2. As an alternate method, from the tool bar:

a. Click Start scatter plot & or Start cluster analysis =
(Figure 3-4).

‘& Illumina BeadStudin
File Analysis Tools Help

i# &
Repositary Start scatter DlDti Graups
CMBeadStudio F ository vl [Erowse...]

Sentrix Arrap Prog ucts

5182‘3;;;3; ;?;mr;tatrix % Illumina BeadStudio
1304452001 EeadChip x| Fle Analysis Tools Help
1308930011 BeadChip fix l# =
1308980012 BeadChip Ex;
1308980013 BieadChip fix] Repasitory Start cluster analysws} Groups
1308880014 BeadChip Bxd | C\BeadStudio Repa’ w | [Erowse. )
1308930015 BeadChip fix
Sentrix Aray Products
Barcode Format
1232920 Array b atrix o
1304452001 BeadChip 8x1 L}
1308320011 BeadChip fx2
1308380012 BeadChip Ax2
1308980013 BeadChip Bx2
1308980014 BeadChip Bx2 ﬁ"ﬁ
1308980015 BeadChip 6:x2

Select

l All ] [ Mone l l Reverse l

Figure 3-4  Start scatter plot and Start cluster analysis Tool Bar Buttons
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[
b. Browse to your processed data output files, highlight the
file you want to use (gene_profile, gene_probe_profile,
or gene_diff), and click Open.

c. BeadStudio will launch the selected tool using the
experimental data you specified in step b, above.
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Scatter Plots

Once gene analysis or differential expression analysis has
been completed, you can create Scatter Plots using
BeadStudio output files.

NOTE:

You can generate scatter plots using either gene_profile,
gene_probe_profile, or gene_diff files. The files must be
column-oriented.

To create a Scatter plot:
1. Open the Scatter plot tool (see Accessing the Data
Visualization Tools on page 3-3).

2. In the Scatter Plot Source Data dialog box (Figure 3-5),
select the position you want for the XValues and click
>>>X Values.

3. Next, select the position you want for the YValues, and click
>>>Y Values.

NOTE:

For Differential Expression, the X value is pre-set
and unchangeable.
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4. Click Create Scatter Plot to view the plot.

‘&, BeadStudio Scatter Plot: Treatment_vs_Control_gene_profile.csy

Experiment Parameters

Experiment Mame = Treatment_wvs Contral

Array Content = BDCHP. 81 REFSEQ2, BETA_PN111335064_11133418.5ml
Marmalization = nane

DateTime = 3/16/2005 12:33 PM

BeadStudio version 1.5.0.33

Manifest File = BDCHP. 81 REFSEQZ BETA_PN111935064_11193418.c8v

Groups

Liver
Kidney
Heart
Lung

¥y # Walues Lives

Position for
Y Values highlighted 33 ' Walugs Brain

Create ScatterFlat

5o

# of Groups =5

Figure 3-5  Scatter Plot Source Data Dialog Box
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%, BeadStudio Scatter, Plot: Treatment_vs_Control_gene_diff.csv [Z||§|rz|

Experiment Farameters

Experirment Marme = Treatment_ws_Contral

Array Content = BDCHP. 81 REFSEQZ,BETA_PN111935064_11133418. xml
Marmalization = rank irveariat

DateTime = 3/16/2005 12:35 PM

BeadStudio version 1.5.0.33

Marifest File = BDCHP 81 REFSEQ2 BETA_PN111335064_11193418 cav

Groups

Liver
Kidney
Heart
Lung

Brain

i

[ 5art

# of Groups =5

Figure 3-6  Source Data Dialog Box for Differential Analysis

NOTE:

The X Value is automatically assigned the RefGroup for Differential
Analysis. The X Value cannot be changed.
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I
5. The Control Panel (Figure 3-7) displays automatically (to
hide or close the Control Panel, from the Scatter Plot menu
bar, select View | Control Panel).

‘3, Scatter Plot: Brain_Liver_gene_profile.csv g@@
File ‘iew Tools
Brain_Liver: 100% Liver vs. 100% Brain
30000
- L
e
m [
20000
= [
() L
o
= L
=3 r
m k
L 1 % "
10000 R
:_ The Control Panel
F s g 0 . can also be closed
ok (R IR A ST S —_ e B by clicking the
[ Close Control
v by v v byvvv v v v brw v v by v b v b v b v by v P | b
10000 20000 30000 40000 50000 anel button
Signal 100% Liver
Control Panel
Scaler () Linear () Logatithmic () Power MFold [ Show 3: ] BestFit
Mouze Drag/Zoom Tooltip Square Azpect R atio Additive Selection Cloze Control Panel
#genes = 24312 | #selected =0 ¢ =0.1E29

Figure 3-7  Scatter Plot

Table 3-1 lists and describes Control Panel functions.
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Scatter Plot Control Panel Descriptions

Scale

Linear radio button

When enabled, X and Y axes are on a linear scale
Logarithmic radio button

When enabled, X and Y axes are on a logarithmic scale
Power radio button

When enabled, X and Y axes are on nt" root scale (where n is an odd
number from 3 to 9)

N-Fold

Show checkbox
When checked, shows n-fold lines and allows you to select the fold value
N-fold setting selector
When Show is checked, allows you to select the fold change
Identity checkbox
When checked, BeadStudio displays the identity line in bold red color.
If a gene is on this line, its X and Y intensities are equal.
Multi checkbox

When checked, BeadStudio displays additional incremental fold
change regions
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[
Table 3-1 Scatter Plot Control Panel Descriptions (continued)

» MouseDrag/Zoom checkbox
When checked, allows you to drag and zoom in or out using the mouse.
Use the mouse wheel to zoom in or out. If your mouse does not have
a wheel:
> Press the Shift key while pressing the left mouse button.
> Drag to create a rectangle around an area to zoom in on.
> Release the Shift key and the mouse button to zoom.
> To return to normal view, from the Scatter Plot Tools menu (or the

Scatter Plot context menu), select Auto Scale Axes.

» Tooltip checkbox
When checked, Scatter Plot displays gene symbol and X/Y intensities as
mouse hovers over the gene.

» Square Aspect Ratio checkbox
When checked, X axis scale is equal to Y axis scale.

» Additive Selection checkbox
When checked, any new gene selection will be added to the scatter plot,
along with previous selections. When not checked, any new selection
replaces the previous selection(s).

- Best Fit checkbox
When checked, presents the Scatter Plot in the optimal fit for the
genes of interest (linear equation is displayed in Control Panel next to
r? values).

» Close Control Panel button
Click to close the Control Panel.

Options

o #genes ()=
Displays the number of genes visible in the Scatter Plot, and the total
number of genes ().

o # selected =
Displays the number of selected genes in the Scatter Plot.

» Position pane

Displays current X/Y position of gene (mouse pointer) on the
Scatter Plot.

Status Bar

Square of the correlation coefficient.

NOTE: If the scatter plot is in linear scale, the r? value is calculated in

linear space; if the scatter plot is in logarithmic scale, r? is
calculated in log space.
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6. To use a variety of plot tools, from the menu bar, click Tools
(Figure 3-8).

‘%, Scatter Plot: Brain_Liver _gene_profile.csv

File  Wiew R

10

w

10,

Signal 100% Erain

Figure 3-8

Find Genes. . CHF der: 100% Liver vs. 100% Brain
Select Region Chrl+R
Select Al Chrl+a

Reverse Selection

Filker 2

Select by Detection »

Show r2 Al Genes
Show r2 Selected Genes

Auto Scale Axes

Copy Image
Options.. . Chrl+0
: Tegnt

Scatter Plot Tools Menu

Tools pulldown menu
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Table 3-2 describes the available tools.

Table 3-2 Scatter Plot Tools Menu Item Descriptions
When selected, opens the Find Genes... dialog box, where you can either:
- Enter a list of genes separated by commas (see Finding Genes in the
Scatter Plot on page 3-19).
Find Genes... OR

- Load a search gene list from a text file.

NOTE: Use this tool to search for other things, such as definitions, etc.

Select Region

When selected, cursor becomes a crosshair you can use to draw a yellow
boundary around any region in the Scatter Plot. All genes in this region
become selected.

Select All

When selected, all genes in the Scatter Plot are selected. When selected,
genes are displayed in the currently selected color.

Clear Selection

When selected, clears any previous selections.

Copy Selection

When selected, places any previous selections to the clipboard.

Paste Selection

When selected, pastes the contents of the clipboard to the current location.
Genes can be copied/pasted across any scatter plots, dendrograms, and other
applications (e.g., Notepad or Excel).

Reverse When selected, reverses the current selection (i.e., selected genes
Selection are unselected).
Cluster Selected When selected, opens the Cluster Analysis Experiment Parameters window,
Genes... allowing you to cluster based on data for selected genes.
When selected, allows you to filter genes shown on the scatter plot by first
Filter selecting genes of interest, then clicking either Selected Genes or

Unselected Genes. You can repeat filtering as many times as desired.

Selected List

When selected, allows you to:
- Save the selected gene list as a text file
- View the selected gene in a Web browser
- Show Gene Symbols

Select by
Detection

When selected, opens the BeadStudio Select Detected Gene dialog box,
where you can select your desired detection level. Enabled only when
detection data is available.

Select by Diff
Score

When selected, allows you to select genes by their diff scores, using data
from the gene_diff output file.
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Table 3-2 Scatter Plot Tools Menu Item Descriptions (continued)
Show r2 All When checked, each time the number of all genes changes, BeadStudio will
Genes automatically recalculate the r*. When unchecked, no automatic
recalculation occurs and no r“ is displayed.
Show r2 When checked, each time the number of selected genes changes, BeadStudio
Selected Genes will automatically recalculate the rZ. When unchecked, no automatic
recalculation occurs and no r“ is displayed.
Auto Scale Axes When selected, automatically scales the Scatter Plot X and Y axes.
Copy Image When selected, copies the current image to the clipboard.
Opens the ScatterPlot Options dialog box, in which you can set:
- Axes min/max values
> Displays the minimum and maximum X and Y axis values. When Square
Aspect Ratio is NOT checked, you can set new X and Y axis values.
- Text and fonts for Scatter Plot labels
- Data Point size and scale
Options... - Power for the scale (odd number, from 3 to 9, with 3 as the default)
- Colors for the Scatter Plot:
> Axes
> Background
> Grid
> Data Points
> Selection
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I
Scatter Plot Context  Right-click anywhere in the Scatter Plot to view the context
Menu Functions  menu (Figure 3-9). The context menu contains features that can
be applied to the selected object.

% Scatter Plot: Brain_Liver_gene_profile.csv

File WView Tools
Brair_Liver : 100% Livervs. 100% Brain
Scatter Plot
context menu’ .
10 Nl
=
© Select Region
o Select Al
=
= -
2 g .
o
=
o - Reverse Selection
o]
Filter 3
Auto Scale Axes
0% e Copy Image
R Options...
ol [ RS I e oo vl ool
10° 10° 10° 10
Signal 100% Liver
Cantrol Panel
Scale: (O Linear (3 Logarithmic () Power W-Fold: [ Show El: [IBestFit
Mause Drag/Zaoom Taalip Square Aspect Batio [] &dditive Selection Cloze Contral Panel
Hgenez=24312  Hzelected =0 Position = 34177 5386 F = 0.4405

Figure 3-9  Scatter Plot Context Menu
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]

Table 3-2 lists context menu items and their functions.

Scatter Plot Context Menu Item Descriptions

Gene

When a gene is selected, displays the gene symbol.

Fold Change

If fold change lines are present, displays the fold change limits for current
cursor location. Allows you to select/de-select all genes inside the fold change.

Select Region

When selected, cursor becomes a crosshair you can use to draw a yellow
boundary around any region in the Scatter Plot.

Select All

When selected, all genes in the Scatter Plot are selected and displayed in the
currently selected color.

Clear Selection

When selected, clears the existing selection.

Copy Selection

When selected, places the existing selection on the clipboard.

Paste Selection

When selected, pastes the contents of the clipboard to the current location.

Reverse When selected, reverses the current selection (i.e., selected genes
Selection are unselected).
When selected, allows you to filter genes shown on the scatter plot by first
Filter selecting genes of interest, then removing unselected genes from the scatter

plot. You can repeat these steps as many times as desired.

Selected List

When selected, allows you to:
- Save the selected gene list as a text file
- View the selected gene in a Web browser
- Show Gene Symbols
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Table 3-3 Scatter Plot Context Menu Item Descriptions (continued)
Auto Scale Axes When selected, automatically scales the Scatter Plot X and Y axes.
Copy Image When selected, places the Scatter Plot image on the clipboard.
* Axes

Displays the minimum and maximum X and Y axis values. When Square
Aspect Ratio is NOT checked, you can set new X and Y axis values.

- Labels

Allows you to choose font properties for the Scatter Plot title, X axis, and
Y axis.

- Data Points
Allows you to select a point size and style for the Scatter Plot data points.
Options... » Scale
Allows you to select a power (3, 5, 7, or 9) for the Power setting.
» Colors
Click in each box to bring up the color palette and set colors for:
> Axes
> Background
> Grid
> Data Points
> Selection
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|

Finding Genes in the  BeadStudio provides a path to gene property information,
Scatter Plot  including gene ID, intensities, and gene ontology information.

1. From the Scatter Plot menu bar, select Tools | Find
Genes... (Figure 3-10).

%, Scatter, Plot: Brain_Liver_gene_profile.csy

File  Wiews L

Select Region Chrl+R
Select all 4
4l
10 E Reverse Selection
Filker [
=
g .
[is) Select by Detection Lk,
=R R
= || w Show r2 Al Genes '_ﬁg-‘;;_
— 10°E | show r2 Selected Genes Ly
© r i;""""-‘ -
W T -
= Auta Scale Axes g_::'.h_‘
[0y] Copy Image E;: ..
Cptions.., Crl+0 "X
gize

e e i

Figure 3-10 Find Genes... Tool Selected
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I
2. At the Find Genes dialog box (Figure 3-11), select
specific genes based on the following fields in their
GenBank database records:
« Gene ID
« Symbol
- Synonyms
« Accession
» Definition
» Ontology
In the Search in pane, select the radio button next to the
GenBank database field you wish to search.

Find what [ search terms |
v
Load from file...
Search in Gene Selection
| e v [N
(®) Gene D () Accession © Selec © Unselec
. Search Method Description :
) Symbal () Definition e
Default search method.
The default search method is the Partial Match search method.
() Synanyms () Ontology Simply type one or more search terms in the find what' text box.
I there are bwo or more search terms, they should be separated
by commas. This search iz not case sensitive. Partial Match
means that the search term must match a substring in the
[Juse Advanced Search Methods manifest data. For example, a 'gap,.beta’ search will find GAPD,
GAPDS, RACGAPT, and PEBbeta.
[ Find ‘ l Cloze l
2|

Figure 3-11 Find Genes Dialog Box

3. In the Find what text field, enter the search text.
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NOTE:

By default, searches are partial. For example, if you search

the word 'VEGF' in the Symbol field, the search will return not
only VEGF, but also, VEGFB and VEGFC.

Multiple search terms can be used, separated by commas.
Search terms can also be loaded from a text file. The file should
have each term on a separate line.

4. Either:
« Click Select to select found genes using the current selection

color (default N ).

> You can change selection color by clicking the color box
- in the Gene Selection pane.
» Click Unselect to unselect found genes that were
previously selected
5. Click Find to return to the Scatter Plot with the identified
genes identified highlighted.

6. For more advanced search options, check the Use box
next to the Advanced Search Methods pane. These
methods are described in the 'Search Method Description’
box (Figure 3-11).
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I
7. The Scatter Plot will display the selected gene in the color
you selected (Figure 3-12). Zoom in for a better view.

% Scatter, Plot: Brain,_Liver_gene_profile.csv

File Yisw Tools
Brain_Liver : 100% Liver vs. 100% Brain
1 Right-click
selected T 2 Click gene ID in
.o
gene - e the context meny
10 : o 5
Gene RPS14...
% Select Region
QE Select Al
&
=] 5
=2 10°E
E N
% [ Reverse Selection
o Filter 3
Auko Scale Axes
107 Copy Image
Cptions...
M | MR A L | Lo tanl R A
10° 107 10 10"
Signal 100% Liver
Cartral Panel
Scale: (O Linear (3 Logarithmic ) Power MFald: ] Show 3: [ Best Fit
Mousze Drag/Zaom Toaltip Square Aspect R atio Additive Selection Claze Contral Panel
H#genes =24312  Hselected =0  Position = 12110,7932 ¢ = 0.4405

Figure 3-12  Zoom in to See Selected Genes

8. To bring up the Gene Properties: dialog:
a. Right-click the selected gene.
b. Click Gene Symbol in the context menu.
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The following paragraphs illustrate the Gene Properties: dialog
box functions.

Data Tab

Figure 3-13 illustrates the Gene Properties: window Data tab.

3, Gene : RPS14 FEX
Dat anifest | Ontalogy

Experinizit: Brain_Liver

¥ 100% Liver W 100% Brain
Signal = 12486 Signal = 7937
Detection = 1.00 Detection = 1.00
# Beadsz = 34 # Beads = 32

Figure 3- 137 Gene Properties: Window Data Tab
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.
Figure 3-14illustrates the Gene Properties: window Data tab for
differential expression.

3, Gene : GI_13259540 Al=l3

Data |Manifesl Oritalogy

Experiment: Experiment 1

# 1 Contral ' : Treatment 2
Signal = 1842 Signal = 1954
Detection = 1.00 Detection = 0.99
# Beads = 28 #Beads =29

Diff Score = 2.17

Extra value
(for Y scale only)

Figure 3-14 Gene Properties: Window Data Tab

Doc. # 11179632 Rev. B 1.800.809.ILMN (1.800.809.4566) or +1.858.202.4566 (outside North America) www.illumina.com



Data Visualization 3-25

Manifest Tab

Figures 3-15, 3-16, and 3-17 illustrate functions of the
Manifest tab.

1. When you click the Accession link (Figure 3-15), BeadStudio
jumps to the National Center for Biotechnology Information

(NCBI) website (Figure 3-16) where you can view the record
for the selected gene.

%, Gene : RPS14 FoX

Data

Target = GI_141411915

| Ontology

Geneld = GI_14141191

Click Accession

Tranzcript = GI_14141191 link

Symbol = RP514

Accession = N 0056172

Definition :

Hormo zapiens ribozormal protein 514 [RPS14], mAMNA,

Figure 3-15 7 Gene Properties: Window Manifest Tab
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Entrez Nucleotide - Microsoft Internet Explorer

Ble Edt view Favortes Tools Help 5
A ) .. 3 1A =
Q- Q ¥ [@ & SO ssach lpraonss )| (- n - 3
fddress 4] hiktps fomw.nchi.nlm.nih, govjentrez/query. Fgizdb=hucleotidett srm—i_00S617 v
~

XieF .
S Nucleotide

Strueture
Search| Nuclotide | for HM_005517 |

[ Limits | Previewindex | Hish, sw Glipboard | Detalls
(Gt Ty o T

AlL: 1 |hatter\a' 0 TmRNA | T Refses: 1 [

Save Search

[11: 1M 005617 Reports Gene You Selected .
Homo sapiens ribosomal protein 314 (RP314), mRITA :
214141191 reffHM_005617.2|[14141181] In Beadstudio /

Figure 3-16 NCBI Website

2. Click the gene name to see the GenBank record
(Figure 3-17).

*4‘ PN S\i\l‘cleotide

T

Search ‘Nuclem\de vl fofl |
Limits Previewdndex History Cliphoard Details

[ Displey | |GenBank v/

Range: fram to [] rReverse complemented strand  Features: [JSMP []

‘a\lto file b

0
[O1: NI 005617, Repots Home sapiens ribo...[gi14141181] Links
LOCUS MM 005617 589 bp ENL linear PRI 27-OCT-2004

DEFINITION Homo sapiens ribosomal protein 514 (RPS14), mRNA.
ACCESSION NM 005617

VERSICN NM_00S5617.2  GI:14141181
KEYUORDS .
SOURCE Homo sapiens {human)

ORGANISM Homo sapiens
Eukaryota; Metazoa; Chordata; Craniatas; Vertebrata; Euteleostowi:
Kexwalia: Eutheria: Primates: Catarrhini: Hominidae: Homo.
REFERENCE 1 ibases 1 to 589)
AUTHORS  Kermochi,N., Kawaguchi,T., Rozen, 5., Davis,E., Goodmwan,N.,
Hudson,T.J., Tenaka,T. and Page,D.C.
TITLE & wap of 75 human ribosomal protein genes

JOURNAL  Genome Res. & (5), 509-523 (1998)
PUBMED 9582194

Figure 3-17 NCBI Record
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Ontology Tab

Figure 3-18 illustrates the Ontology tab. This tab provides a
quick reference to the NCBI gene ontology information.

3, Gene : RPS14 SES;

Data | Manifest ;

Sunonyrs : EMTE

Ontology -

go_component: cytosolic small ibozomal subunit [sensu Eukarya) [goid 0005843] [evidence F] [pmid 3523092];
go_function: structural protein of rbogome [goid 00037 35] [evidence P] [pmid 3529092];

go_function: RMA binding [goid 00037 23] [evidence P [pmid 3785212);

go_process: protein biosynthesis [goid 000641 2] [evidence P] [pmid 3785212];

Figure 3-18 Gene Properties: Ontology Tab

Other Scatter Plot

» Click and drag to move the Scatter Plot around.
Functionalities )

4

4

Shift-click to zoom in to a particular region.
Rotate mouse wheel to zoom in and out.

Control-click, hold, and drag to select a specific gene or
group of genes.
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Cluster Analysis

Doc. # 11179632 Rev. B

Clustering is an analysis method used to group sets of

objects into subsets or clusters. Objects assigned to the same
cluster are more closely related to one another than objects
assigned to different clusters. In the context of gene expression,
the method can be used to answer two basic questions:

Which genes show similar patterns of gene expression across
a series of samples?

Useful for identifying genes in common pathways, or genes that
coordinately respond to the same stimuli.
Which samples are most similar based on the expression
levels of genes within them?

Useful for identifying conditions that generate a common
metabolic response. For example, in a toxicology study, if an
unknown compound induces a pattern of expression similar to that
induced by a panel of genotoxins, it is likely that the unknown is
a genotoxin.
Mathematicians have devised dozens of clustering methods using
different metrics to establish relationships between sets of
values. In BeadStudio, clustering occurs using the agglomerative
nesting with average linkage method. BeadStudio offers four
clustering metrics for calculating dissimilarities:

Correlation

Computes the Pearson correlation using a 1 - r distance measure
Absolute Correlation

Computes the Pearson correlation using a 1 - |r| distance measure
Manhattan

Computes the distance between two points if a grid-like path
is followed

Euclidean

Computes the shortest distance between two points

NOTE:

Generally, Illumina recommends using multiple clustering methods
to validate results. Groupings with a true biological basis will
usually show up regardless of the algorithm used.
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|
Similarities and Distances

The first decision to be made is how “similarity” is to be
defined. There are several ways to compute the similarity of two
series of numbers. The most commonly used similarity metric is
the Pearson correlation. The Pearson correlation coefficient
between any two series of numbers y = (X, Xy oo Xy} and

Y= {Y,Y,, .Y

1 X-X|r-T
r= N Zs:‘...‘:[ ) I ]
i J‘r ﬂ—i

Distance is then defined as 1 — r for Correlation and 1 — |r| for
Absolute Correlation. BeadStudio also uses

Manhattan(Z|X; - Y}|) and squared Euclidean(Z(Xl— Yl)2 )
distances.

is defined as:

BeadStudio presents the clustering information in the form of a
dendrogram, a tree-like structure whose branches correspond to
genes or samples, depending on how the analysis is run. The
distance on the X axis establishes the similarity relationships
among the genes or samples. For example, if the dendrogram
plots the similarity of samples based on gene expression,
samples C and D are very similar to each other, less similar to B,
and even less similar to A (Figure 3-19).

4 A )

B
—C
- D

-

Figure 3-19 Dendrogram, Similarity Example
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After clustering, nodes are reordered starting near the top to
ensure that node “ar” is closer to “B” than node “al”, and node
“bl” is closer to “A” than node “br” (Figure 3-20).

s —

bl

ar

N

Figure 3-20 Dendrogram, Showing Nodes

(I

Analyze Clusters  To analyze clusters:

1. Open the cluster analysis tool (see Accessing the Data
Visualization Tools on page 3-3).
2. In the Cluster Analysis: dialog box (Figure 3-21):
a. Groups pane -- highlight the group(s) whose clusters you
wish to analyze (or click Select All).
b. Enable the Sort checkbox to sort the items in “groups” list
box alphabetically in ascending order.
c. Cluster pane -- Click Genes or Samples. If Genes is
selected, the dendrogram will display a cluster of genes.
If Samples is selected the dendrogram will display a
cluster of samples.

NOTE:

Clustering Samples is much faster than clustering Genes.
Clustering many genes (thousands) can take hours.
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d. Metric pane -- Select the metric you would like
BeadStudio to use to calculate clusters.

‘2, Cluster Analysis: Brain vs Liver April 27, 2005_gene_pr... |;||:E|

E speriment Parameters

Experiment Mame = Brain vs Liver Apriil 27, 2005

&mray Content = BEDCHP.E<1.REFSEQ2 BETA_PM111935064_11193418. xml
Mormalization = note

DateTime = 3/14/2005 11:55 AM

BeadStudio version 1.5.0.31

Marifest File = BOCHP.8+1 REFSEQ2 BETA_PN111935064_11193418.cav

Groups

Cluzter
) Genes

(%) Samples

hetric

) Conrelation
(*) &bsolute Comelation
() Manhattan

() Euclidean

[ Selectal | [ Unselectal | []5or

Create Dendrogram

#of Groups =8

Figure 3-21  Cluster Analysis Dialog Box
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e. Click Create Dendrogram to view the graph
(Figure 3-22).

NOTE:

The scale at the bottom of the dendrogram shows dissimilarity
between modes. See Similarities and Distances on page 3-29.

% Experiment = Brain vs Liven April 27, 2005. Metric = Absolute Correlation

Find Samples. .. Ckrl+F r
Select Al Chrl+8
Reverse Selection
Show Grid Lines Click to -
Copy Image | toggle
gridlines
on or off
T T T T T T T T T ] ——
1.0 04 0s 0.7 06 05 04 03 0z 01 0
< | ¥
# zamplez = 8 ; # zelected zamplez =0 diztance = 0857149

Figure 3-22 Dendrogram
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3. Right click in the dendrogram to view the context menu
(Figure 3-23).

%, Experiment = Brain vs Liver ipril 27, 2005. Metric = Absolute Correlation

File  Tools

Right-click inside
a sub-tree to bring
up the context
menu

-

Mew Sub-Tree
orrelation
Seleck Sub-Tree
Select Al
Reverse Selection
Copy Image
10 i) 08 07 06 05 04 03 0z 01 i3
< | >
# samples = 8 ; # selected samples =0 distance = 0.34273
Mew Sub-Tree
v Select Sub-Tree
Select all
With a Sub'tree Clear Selection
Copy Selection
selected, the
. Reverse Selection
Selected List Selecked List Wisw in Wish Browser. ..
. Save in Text File. ..
options are Copy Image
available i
ar 06 05 04 03 =
< | >
# genes = 985 ; # selected genes = 888 distance = 0.50529

Figure 3-23 Dendrogram with Context Menu
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Dendrogram Context
Menu Selections

Table 3-4 lists and describes the Dendrogram context
menu items.

Table 3-4 Dendrogram Context Menu Descriptions

New Sub-Tree

When selected, displays the selected sub tree in a new window. This
feature is disabled when the cursor is outside of any tree.

Select Sub-Tree

When selected, highlights the sub-tree in green. This feature is disabled
when the cursor is outside of any tree.

Select All

Click to select all sub-trees.

Clear Selection

Clears any selection.

Copy Selection

Copies current selection(s) to the clipboard.

Paste Selection

Pastes current clipboard contents to the location you choose.

Reverse Selection

Reverses the last selection made.

Selected List

When a sub-tree is selected, click to select one of these two options:
- View in Web Browser...
- Save in Text File...

Copy Image

Copies current image to the clipboard.

Doc. # 11179632 Rev. B
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View the Sub-Tree List
Directly in the
Dendrogram
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To view the sub-tree list directly in the dendrogram, zoom in.
The sub-tree list appears to the right of the dendrogram
(Figure 3-24).

3 Experiment = Example. Sub-Tree # = 2. Metric = Correlation

File  Tools

|—|: 1216882_19a_2
12168582_19a_3

Zoom in 192

to view 1216882_17a_1
: = 1216882_172_2
sub-tree ———— 121B882_17a_3

1216862_36b_2
1216982_36b_3
1216882_36b_1

1216862_206_1
r 1216882_16b_3

L 1216352_166_1

—— 1216552_14b_1
1216882_14b_3

1216852_14b_2

. — 1216882_13b_3
1216882_13b_2
L 12168821361

1216882_12b_2
I/ 1216882_12b_3
L ieEE2 1261

1216882_15b_1

471c00n 0L 2

00043 0038 00033 oobes o024 00013 00014 00009 OL.000S ) e
< »
distance = 0.00271

# genes = 336 ; # selected genes =0

Figure 3-24 Zoom in to View Sub-Tree List
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Copy/Paste Clusters

You can copy/paste gene clusters from a Scatter Plot to a
dendrogram and vice versa. Refer to Figures 3-25 thru 3-28.

From Scatter Plot to 1. To select clusters for copying from the Scatter Plot,
Dendrogram » Select Tools | Select Region from the pulldown menu.
OR
« Open the context menu and click Select Region.

2. Using the crosshair tool, draw around the genes you wish
to copy.

~

caﬂzr Plot: Brain_Liver_gene_profile.csw

Fle ¥iew LS ‘J, Scatter Plot: Brain_Liver_gene_profile.csv
Find Genes... ek 2r| File View Tools
Brain_Liver : 100% Liver vs. 100% Brain
Chr-a
Use the
10°F | Reverse selection . . it crosshair
i : : i to draw
c Filter around
G .
i Select by Distection the region
E | v shouratceme you want
— 10°F | o Show r2 Selected Genes
- to select
=S Auto Scale Axes
n Copy Image
Options. .. ChHO
1l P T N AN R I | RN B . Lol
107 107 10° 10° 10
Signal 100% Liver

- /

Figure 3-25 Select Region

NOTE:

The selected genes will change color (blue by default, or the
color you have set in Scatter Plot Options).
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3. To copy the selection to the clipboard:

Data Visualization

3-37

» Select Tools | Copy Selection from the pulldown menu.

OR

« Open the context menu and click Copy Selection.

4. To paste the selection into the dendrogram:
« Select Tools | Paste Selection from the pulldown menu.

OR

« Open the context menu and click Paste Selection.

% Scatter Plot: Experiment 1_gene_profile.csv
File “iew Toals

Experiment 1: Coritrol vs. Group 2

10000

Select Region
Select al

gooo Reverse Selection

Filter »
Selected List >

Auto Scale Axes A
=
! b‘_."

Options. L ."ﬁ:

Copy Image

Signal Group 2
=
2
2
2

4000

2000

I I I
2000 4000 6000

Paste to dendrogram

-

Copy from Scatter Plot

Selected
genes (blue)

% Experiment = Experiment 1. Metric = Correlation
Fle Tools

Copy Image

% Experiment = Experiment 1. Metric = Correlation

Fle Tools

Selected genes
pasted to
dendogram

<

\_

# genes = 646 ; # selected genes =

~

[B[EE]

RECO
o 4snasss
B3I 162
GI20070134
Gl_22219480
GI_ 18338531
Gl_21538405
GI_11345447
Gl_4158277
GIs7a0a04
GI_4503908
15579451
GIA508102
GI#504510
GILas0a7d8
GI_14az7385

GI_4508370
GI21538430
11125773

<

GI_ 18426305
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Figure 3-26 Copy & Paste
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From Dendrogram to 1. To select clusters for copying from the dendrogram, open
Scatter Plot the context menu and click Select Sub-Tree.

NOTE:

Be sure to click INSIDE the sub-tree you want to select. The
selected sub-tree will turn red.

% Experiment = Experiment 1. Metric = Conrelation

File Tools

v Select Sub-Tree
Mew Sub-Tree

Make List Sub-Tree...
Make List Selected. ..

——{  Clear Selection
L CopySelection

Copy Image

< >
i genes = B46 ; # selected genes = 428

Figure 3-277 Select Sub-Tree
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2. From the context menu, click Copy Selection.

3. To paste selection into the Scatter Plot:
« Select Tools | Paste Selection from the pulldown menu.
OR
« Open the context menu and click Paste Selection.

[xperimenl = Experiment 1. Metric = Correlation : : X \
File  Tools
’—\—c o

Make List Selected.

Clear Selection

Copy Image

%, Scatter Plot: Experiment 1_gene_profile.csv

Fle view Tools

F Experiment 1: Control vs. Group 2
# genes = 546 # selested genes = 42 3
10000 -
80001 Select Region
Select Al
o L -, Clear Selection
Pasted o ) Copy Selection
= P:
(g 8000 Feeverse Selection
genes E Filter v
2
shown = Selected List v
. Auko Scale Axes
in blue 4o ooy Inage
Optians. .,
2000
L

T IR T P T FEE NN EET] R T TRTNE FURTE ST UTE FURRTRTNTY FETRT R
2000 4000 6000 2000 10000 12000 14000
k Signal Control /

Figure 3-28 Copy & Paste

1.800.809.ILMN (1.800.809.4566) or +1.858.202.4566 (outside North America) www.illumina.com Doc. #11179632 Rev. B



3-40 BeadStudio User Guide

Control Summary Reports

Control Summary
Reports for DirectHyb

Doc. # 11179632 Rev. B

The two following sections describe Control Summary Reports for
DirectyHyb and the DASL™ Assay.

BeadStudio can displays a graphic Control Summary Report for
the selected samples based on performance of the built-in
controls (Figure 3-29).

For more detailed information on the controls, see the System
Controls appendix in the appropriate Illumina product manual.

‘% 3404809 Control Summary H E k‘g
Print
Hybridization Caontrols Megative
20000 F 500
400 I
__ 20000 _ I
] o0
= =
=g =4
) @ g b
Tonon
100
N L L ¥
lows med high hackgiound noise
Biotin vs High Stringency PN ckeeping vs Al Genes
1 - Click on the
s0000 -
I 0000 - PlOt to show
40000
= 5 secondary grapl
30000 - 20000 s
& & (next figure)
20000
10000 -
10000 [ ’—i—‘
1 =
biotin high stringency housekeeping gene
Laww Stringency Labeling ws Backaround {optional)
1000 |- s
ta000 - [ a0 - I I
12000 [ I [
& o000 T a0
= =
.U%' s000 - UE]"
g0 | e
4000 - 100 -
2000 [
L
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Figure 3-297 Control Summary Report
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To view secondary graph(s), click on a data point in any of
the graphs shown in Figures 3-29. Figure 3-30 illustrates an
example of the secondary graph for housekeeping controls.
Each point in the secondary graph represents a sample.

% 3404809 housekeeping

Print

Signal

3404809 houzekeeping

40000

20000

20000 -

10000

| 1 1 | 1 |
1 2 3 4 5 g T i

Array Index

Figure 3-307 Housekeeping Controls Secondary Graph
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5. To copy, change the page setup, or see a print preview,
right click in any graph to use the context menu
(Figure 3-31). To print the graph, either right click and use

the context menu, or click Print in the upper right-hand
corner of the menu bar.

% 3404809 housekeeping

Pri
\ 3404809 housekeeping

40000 -\
30000
Context
£ menu
A
Copy
Page Setup...
Print Preview
10000 -
1 1 1 1 1 1 1 1
1 2 3 4 3 [ 7 g
Array Index

Figure 3-317 Control Summary Context Menu

Doc. # 11179632 Rev. B 1.800.809.ILMN (1.800.809.4566) or +1.858.202.4566 (outside North America) www.illumina.com



Control Summary
Reports for the DASL™
Assay

DASL™ Assa;j

Data Visualization 3-43

BeadStudio can display a graphic Control Summary for
the selected samples based on performance of the built-in
controls (Figure 3-32).

For more detailed information on the controls, see the “System
Controls” appendix in the appropriate Illumina product manual.

% 1202085 Control Summary

Print

Hybridization Contrale Megative

Signal
Signal

3 nyp gt cys b

Contarmination Genes

anon 4000 F
7000 ’—E_‘ .

oo | [ Click on the a0 |
ool plot to show

2000 - secondary graph
200 (next figure) oo

1000
[ [ ) L
1965 19592 2980 3433 2832 3802 3845 3864 genes waliation

—a—

Signal
Signal

2000 |

-

Stringency Gap
10000 -

2000 |

€000 |

Signal
=
g
s
Signal

lowy high 20

Figure 3-32  Control Summary Reports

1.800.809.ILMN (1.800.809.4566) or +1.858.202.4566 (outside North America) www.illumina.com Doc. #11179632 Rev. B



3-44 BeadStudio User Guide
I
6. To view secondary graph(s), click on a data point in any of
the graphs shown in Figure 3-32. Figure 3-33 illustrates an
example of the secondary graph for contamination controls.
Each point in the secondary graph represents a sample.

3, 1202085 AVG-SIGNAL-CONTAMINATION_DASL_2980 =[]
Print

1202085 AVG-SIGNAL-CONTAMINATION_DASL_2880

B000 -

Toon -

BOO0 -

5000 -

4000 -

Signal

3000 -

2000 -

1000

Array Indesx

Figure 3-33  Contamination Controls Secondary Graph
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7. To copy, change the page setup, or see a print preview,
right click in any graph to use the context menu
(Figure 3-34). To print the graph, either right click and
use the context menu, or click Print in the upper right-

hand corner of the menu bar.

%, 1202085 AVG-SIGHAL -CONTAMINATION_DASL_2980

Print

\ 1202085 AVG-SIGMNAL-CONTAMINATION_DASL_2980
2000 \
000 -
EoOo
5000 -
@
5
@ 4000 -
3000 - Copy
Context Page Setup...
menu Print Preview
1000 -
1 1 1 1 1
1 2 4 5 B

Array Index

Figure 3-34 7 Control Summary Context Menu

To view control reports for any experiment at any time
after analysis, open the Control Summary Report tool (see
Accessing the Data Visualization Tools on page 3-3).
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NOTES
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Image Viewing

Topics » Introduction 4-2
» Using the Image Viewer 4-3
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Introduction

You can visually inspect any sample using the BeadStudio
Image Viewer. Image Viewer allows you to view images and
determine whether or not you want to include a particular
sample(s) in your experiment.

In Image Viewer, you can:
» view registration information for individual samples
« adjust contrast
« see registration for BeadStudio-processed images
e zoom in or out
» see pixel intensities
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]
Using the Image Viewer

Right-click on any sample to activate Image Viewer and view
the BeadChip or Sentrix Array Matrix (SAM) image (Figures 4-1
and 4-2).

Table 4-1 lists and describes the Image Viewer features.

2. ILlumina Beadstudio 2 lllumina BeadStudio \
File  Analysis Tools Help

File Analysis Tools Help

v l# & - @ 8
Repostory
= * v (Bromse..]
Sentix Barcodss ———
Barcode Product
Barcod Product
1232920 Array Matrix 1;3’;;2; 7 i rw
1304452001 BeadChip Bx] rray Matix
1208980011 BeadChip B2 1304452001 BeadChip 8x1
1302980012 EBeadChip 6:x2 13084800711 BeadChip Bx2
1308980013 BeadChip 6:x2 2 1308480012 BeadChip Bx2
1308880014 BeadChip ix2 1308880013 BeadChip Bx2
1308880015 BeadChip fix2 1308880014 BeadChip Bx2
1308980016 BeadChip Bx2 1308880015 BeadChip fix2
1308980017 BeadChip B2 :gg:gégglg :ea:g:.p Exi Y
1308880018 BeadChip £:2 2ad Chip Bx.
1308980018 BeadChip Bx2 rHeoscccGOBBBeH
1232920
Select
Select
Al | [ Mome | [ Revene

al | [ Mene ] [ Reverse

Right-click
k any sample SAM /

Figure 4-1  Right-Click any Sample to Activate Image Viewer

NOTE:

6 x 2 BeadChip images contain two images per sample section.
After right-clicking, you must select which image to view.
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mage overview pane \

Image pane toolbar
Image pane
Image closeup pane

Example of a SAM

1308950012.0_t I | Wl 252020 cons coos

e B oo . ) E0
e % |3 o |a |
=3
-
>
|~ 10000 >
[
145
ana
" Sl e
L, .
HE B E

Image appearance control pane
Image pane scroll bars

\ Pixel intensity pan/e/

Figure 4-2  Sample Image
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Image Viewing 4-5

Image overview pane

Displays a bird's-eye view of the sample image. Use the mouse
to move the yellow box, which determines the Image pane’s
field of view.

Image pane tool bar

% B % oD om| @

o Click the Auto Contrast button to reset the
. image contrast to default value.

A Click the Zoom Out button to return to the

(]

default image view.

Click the Copy to Clipboard button to save
an image to the clipboard for pasting into
another application.

Click to verify successful registration during
A data extraction on the BeadArray Reader.
See Overlay Cores on page 4-7 for details.

| Click to see the green channel only.
ick to see the red channel only.
Click he red ch L onl
= Click to see both red and green channels.

Image pane

Allows detailed inspection of the sample image. Use the mouse
slide wheel to control the zoom level. If your mouse lacks a
wheel, zoom into a region by pressing the shift key and the left
mouse button at the same time, then dragging to select the
zoom area and releasing the mouse button and shift key. To
zoom back out, click the Zoom Out button =2 on the Image
pane tool bar.

-
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Table 4-1 Image Viewer Features (continued)

Image closeup pane

Displays a closeup view of your image in the red and green
color channels, and in a merged (overlay) view. The view
region is determined by the location of your mouse pointer
on the Image pane.

Note: The red color channel is disabled for monochrome direct
hyb images.

Image appearance control pane

Used to control image brightness, contrast, and color balance.
See Figure 4-4 for details.

Note: These controls affect only the appearance of the image
on the screen; they do not change the underlying image file.

Image pane scroll bars

Allow you to change the viewing region in the Image pane.

Pixel intensity pane

Reports the X Y coordinates of your mouse pointer on the Image
pane, along with the pixel intensity of that location.
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]

*
Overlay Cores  Click Overlay Cores +* to display the Image pane as shown in
Figure 4-3. This feature allows you to verify that registration
succeeded during data extraction on the BeadArray Reader.

NOTE:

The Overlay Cores tool only functions when viewing either the red
channel or the green channel. It will not function when viewing both
channels simultaneously.

Zoom in on a corner of the image to see blue circles overlaying
the scanned sample image spots. A successful registration is
indicated when the boundary of the blue-circle grid coincides
with the sample pixel boundary.

Zoom in
Click to see to see

< ¥

Figure 4-3  Overlay Cores Image

NOTE:

In rare cases, registration can fail. Contact Illumina
Customer Solutions.
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Image Appearance  You can control image appearance in two different modes:

Control Brightness/Contrast mode

4

Intensity Threshold mode

Use the mode selection buttons at the bottom of the pane to
select the desired mode.

The Image appearance control pane components are described in

Intensity Threshold Mode \

Figure 4-4.
/ Brightness/Contrast Mode
st
| Controls
L brightness
Upper threshold bar.
All pixel intensities
above this level
display in white.
Lower threshold bar.
All pixel intensities
below this level
O display in black.
‘ Controls
o contrast
]
Controls red/green
0 color balance
(absent from monochrome direct hyb images)
O
Mode selection buttons
used to switch between
@ EI Brightness/Contrast and
Intensity Threshold modes

-

— 30000

20000

10000

=

"

/

Figure 4-4  Image Control Pane Detail
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NOTES
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Topics » BeadStudio User Interface Screen Elements 5-2
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BeadStudio User Interface Screen Elements

Refer to Table 5-1 for brief descriptions of the menus, buttons,
fields, and panes of the BeadStudio application screens.

Table 5-1 BeadStudio User Interface Screen Elements

Menu Bar

File pulldown menu

Allows you to:
- Name a new experiment.
- Run the New Experiment wizard.
Mew Experiment. . _ 0 . t. . t
Hem Experiment Wizard... pen an existing experiment.
Open Experiment... - Save an experlment.
Save Experiment - Save an experiment under a different name.
Save Experiment fs, ., . . . .
- Exit the BeadStudio application.

% Illumina BeadStudio
5=M Analysis Tools Help

Exit

Analysis pulldown menu

% | Illumina BeadStudio Allows you to:
Tools  Help - Verify a SAM or BeadChip.
B | verify Sentrix Array Product 1304452001, - Perform gene expression analysis.

R Gene Analysis... - Perform differential expression analysis.
E Differential Expression Analysis...

GLN Analysis

Tools pulldown menu Allows you to:

- Make scatter plots
- Make cluster diagrams (dendrograms)
- Generate control summary reports

- View folders containing processed data
output files

& Illumina BeadStudio - Brain vs. Liver [}

File  Analysis R

Help pulldown menu

% lllumina BeadStudio Displays version and copyright information about
File  Analysis Tools FEE the BeadStudio application.

W v lif 7 || sesditude... |
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Screen Elements 5-3

BeadStudio User Interface Screen Elements (continued)

Main Toolbar Buttons

Save experiment button

Click to save an experiment to the directory of
your choice.

Verify Matrix/BeadChips button

Ve

Click to verify the uniformity of selected
sample intensities.

Gene analysis button

”

Click to perform gene analysis for a
default experiment.

Diff analysis button

e

Click to perform differential gene analysis for a
default experiment.

Start scatter plot button

[

Click to create a scatter plot.

Start cluster analysis button

=

Click to create a dendrogram.

-
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Table 5-1

BeadStudio User Interface Screen Elements (continued)

Stop operation button

Q

Click to stop any process you have asked
BeadStudio to initiate.

Groups Toolbar Buttons

New group... button

f

=

Click to add a new Group (name an experiment).

Add to Group button

e

Click to add selected samples to the selected
group in the Experiment pane.

Create a group for each sample... button

,

Click to create a new experimental group for each
selected sample.

Load from sample sheet... button

"

Click to create and populate new experimental
groups using a sample sheet (see Set Up & Apply
Sample Sheet on page 2-28).

Apply group layout... button

o]

Click to create and populate new experimental
groups using a group layout file (see Set Up &
Apply Group Layout Files on page 2-25).

Doc. # 11179632 Rev. B
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Table 5-1 BeadStudio User Interface Screen Elements (continued)

Remove... button

Click to delete the selected groups or experiments
}( within a group.

Clear all groups... button

|__h-| Click to delete all experimental groups.

Groups Pane

Groups

=@ Mock Hyb 1
1304452001_4
= @ 100% Liver 1
1304452001_E
=@ 95%L-5%B 1
1304452001_C
meCT% L -33%E 1
1355280 D Displays the groups and samples you have selected
- m@ 3F%L-GFEE i for the experiment.
1304452001_F
- @ 5%L-95%B 1
1304452001 _F
= @ 100% Brain 1
1304452001_G
=@ 100% Liverrep 1
1304452001_H

Contains a toolbar for creating, populating, and
deleting groups.

O X s + B
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Table 5-1 BeadStudio User Interface Screen Elements (continued)

Select Pane

Select

[ ] [ Mone | [ Revene |

(L2 2 2 E 2 2 222
2 2 2 2 2 2 2 222 22 2

Freeosaesssene

2 2 2 2 2 2 2 2 2 2 B I
G A 4 2 2 2 2 22222 U

1232920

Select

All None Reverse
I J

> Click individual samples to select them for
any BeadStudio operation.

> Click All to select all samples on
the BeadChip.

> Click None to de-select all samples on
the BeadChip.

> Click Reverse to switch selected samples
to deselected and vice versa.

> Ctrl-click individual samples to add them
to or remove them from the selection.

> Click row and column labels to select or
de-select entire rows and columns.

BeadChip SAM
Repository Pane

eposiony - Click Browse to select the Repository
C:A\BeadStudio B i s . .

sadStudio fepostory hd containing the matrices you wish to analyze.
Sl AT [FIEEYES - In the Repository listbox, click the barcode
Barcode Format you wish to analyze
1232820 Array Matrix
1304452001 BeadChip Bx1 - In the graphic display:
Egggggg}; gea:g:ip gxg > Click individual samples to select them for

ea ip B

EEEEITE BoadChip B2 any BeadStudio operation.
1308980014 BeadChip Bx2 > Drag the mouse to select a group of SAMs
1308530015 BeadChip Bx2

or BeadChips for any BeadStudio operation.

> Click All to select all samples on

the BeadChip.

> Click None to de-select all samples on

the BeadChip.

> Click Reverse to switch selected samples

to deselected and vice versa.

Message Log and Status Pane

Expression table generation started.
Loading data

Expressiontable generation completed

DitectHyb Mode _ Imaging platform: Side 16¢1

Computing gene profile to C\BeadStudio RepositorySAMY 16798811167988_gene_profile.csv
Computing probe profile to C:BeadStudio RepositonSAMI1 16798811 167988_gene_probe_profile.csv
Generating QC outputto C:\BeadStudio Repositor\SAMK1 1673881116798 _aeinfo.cs.

Displays progress and error messages during any
BeadStudio operation.

Doc. # 11179632 Rev. B
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Screen Elements 5-7

NOTE:

Refer to Table 5-2 and through 5-2 for color significance of
displayed samples.

Table 5-2 Color Key for Displayed Samples
Red Outline User has selected this sample for some action.
An extracted intensity file (.idat) exists for
Tan this sample. The sample is ready for
gene expression analysis.
No data exists for this sample (neither image
Speckled nor extracted intensities).
The BeadStudio Verify Matrix/BeadChip task
marked this sample as an outlier. This sample
Gra is suspected of having a registration problem or
y has significantly different intensity than the
other samples (requires examination in
Image Viewer).
/ Tan color
indicates

1308980011

-

intensities have
been extracted for
selected samples

2 2 2 2 2222222 I
Gk 2 2 2 2 2 2 2 2 222 0

1232920

Red border indicates
selected samples

Figure 5-1
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-

~

Speckling indicates
samples for which
no image was
acquired

Figure 5-2  Unimaged Samples Shown as Speckled

~

Gray color indicates

this sample has significantly
different signals than the
signals of the other samples.

May indicate an
experimental problem.

)

Figure 5-3  Extracted Intensities, Problem Samples in Gray
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Introduction

This chapter describes the statistical algorithms used in
expression analysis for Sentrix® arrays.

A Non-Mathematician's Guide

Normalization  All methods of normalization aim to improve data by

Methods  mathematically factoring out systematic errors among
experimental groups so that their values can be compared. In
the case of microarray experiments, systematic variation can
result from variation in hybridization temperature, sample
concentration, formamide concentration, etc. All forms of
normalization achieve this result by making assumptions about
the experimental samples and adjusting their values in a way
that would factor out intensity changes arising from
experimental variation without affecting changes based on true
biological differences. The key to applying normalization
effectively, therefore, is to understand the underlying
assumptions of each method and deciding if they apply in the
case of your experiment.

The sections below describe the normalization methods available
in BeadStudio. For more rigorous mathematical descriptions,
please see Normalization Algorithms on page 6-8. For the sake of
simplicity, the explanations describe normalization as applied to
two samples (A and B). The same principles apply when multiple
samples are normalized together.
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]

Definitions  When we speak of a sample, we refer to a single bundle on a
Sentrix Array Matrix (SAM) or a single section of a Sentrix
BeadChip. When we speak of a population of gene expression
values, we refer to the set of all gene expression values received
from a scan of a single sample. Therefore, normalization is a
process by which two or more populations of gene expression
values from two or more samples are adjusted for easier
comparison. A scaling factor is a number by which values in one
population are multiplied for the sake of normalization. For
example, if a normalization technique multiplies all values in
Sample B by 1.5 to normalize to Sample A, we say that a scaling
factor of 1.5 was applied.

Background Method  This method subtracts a constant background value from each
gene expression value acquired from a scanned sample. The
background value is derived by averaging the signals of negative
control beads built into the SAM or BeadChip. These beads or
oligos contain sequences not expected to hybridize to most

DASL™ Assala genomes and thus provide a measurement of non-specific

For the DASL Assay, hybridization, non-specific dye signal and scanner background.

the negative controls  This method makes no biological assumptions about the samples

consist of oligos. and is thus safe to use when you have no expectations about the
changes likely to exist between samples. Applying the technique
allows for more quantitative assessments of fold-change
differences, especially for genes with dim signals.

NOTE:

All other normalization methods described below apply background
subtraction in addition to the other method-specific
transformations.
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This method simply adjusts the intensities of two populations of
gene expression values such that the means of the populations
become equal. For example if the mean value for all genes in
Sample A is 300 and the mean for Sample B is 100, all genes on
Sample B will have their values scaled (multiplied) by a factor of
3 such that both populations now have a mean of 300. This
method assumes that the mean expression levels of all genes
should be roughly equal and similarly distributed. This
assumption is generally true when samples contain large
numbers of genes (such as with a whole-genome sample).
However, the assumption breaks down when smaller numbers of
genes are used or the samples are quite different. For example,
if one had a focused sample containing a few hundred
neurological genes and then used this sample to compare brain
and liver sample, one would expect the brain sample to yield
higher values for biological reasons; the method would therefore
not apply. On the other hand, if one were comparing two brain
samples, the assumption would probably apply and the method
would be valid.
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Cubic Spline Method  Cubic Spline normalization differs from all other methods
described above in that it is non-linear. In other words, different
scaling factors are applied to different parts of the population.
The method first breaks the population of gene signals in each
sample into a group of quantiles. If possible, the number of
quantiles is chosen so that each interval contains 100 probe
signals. However, the minimum number of quantiles is 15. For
example, 3.3rd percentile, 10th percentile, 16.7th percentile
and so on up to the 96.7th percentile. Then, for two samples to
be normalized to each other, it scales the 3.3rd percentile of
Sample B such that it is equal to the 3.3rd of Sample A, the 10th
percentile of B to the 10th of A and so on for all quantiles. Genes
whose values lie between quantiles are adjusted by interpolation
of the neighboring quantiles.

The benefit of this method is that it can normalize between
samples that show a non-linear relationship, such as can
happen as a result of unequal sample labeling, different scan
settings, etc.

The method is unnecessary when there is a linear relationship
among the un-normalized signals of the populations, and in these
cases cubic spline normalization should not be applied. To
determine if your data has a linear relationship, you can use the
Scatter Plot tool (described in Chapter 3, Data Visualization) to
generate a scatter plot of un-normalized gene expression for the
two samples.
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If all gene signals from the samples are plotted against each
other and show a generally linear relationship (such as in the left
plot in Figure 6-1), the cubic spline normalization should not

be applied.
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Ay b Array A

Figure 6-1  Sample A & Sample B

If there is a distortion in the linear relationship (as in the right
plot in Figure 6-1), cubic spline may be applied and has the
potential to correct the distortion.

This method works like the 'Average’ method above, except,
instead of using the signal of all genes to calculate the scaling
factor between samples, it uses signals of positive control
probes. These probes are included in every sample and hybridize
to corresponding labeled oligonucleotides contained in our
standard hybridization buffers. The advantage of this approach is
that it allows a signal-based normalization of samples while
making no biological assumptions about the similarity of the
samples. However, due to differences between the dyes used in
the control oligonucleotides and those used in the RNA labeling,
as well as pipette errors, the hyb controls may be imperfect
proxies for the genes in your sample. Also, the Hyb Controls
method does not allow correction for differences arising from
sample labeling. For these reasons, this method should be
applied with caution.
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Rank-Invariant Method  For most types of expression experiments, this is our most highly
recommended normalization method. Like the Average method
above, Rank-Invariant normalization uses a linear scaling of the
populations being compared. However, unlike with averaging,
the scaling factor is determined not by an average of all genes,
but by only rank-invariant genes. 'Rank-invariant' genes are those
whose expression values show a consistent order relative to
other genes in the population. For example, a gene that is the
200th brightest gene in Sample A and 203rd in Sample B would be
considered rank-invariant and would be used to arrive at the
normalization factor; a gene that goes from 200th to 10,000th
would not be rank-invariant and would not be used. This method
is much more resistant to outliers than straight averaging is and
generally gives better results. However, as with averaging, if
samples are very different in their behaviors, the underlying
assumption of rank-invariance (the existence of a subpopulation
of genes whose expression is constant across samples showing
consistent ranks) will not be true and the method should not
be applied.

— Assa}] Due to the DASL Assay’s oligo-directed nature, the assumption of
similar behavior between samples is often not true. Although
rank normalization is preferred for similar samples, the degree
of similarity depends on: 1) gene expression in the samples
analyzed; and 2) the genes chosen for the oligo pool. Illumina
recommends examining un-normalized DASL data in scatter plots
before choosing a normalization method for further analysis.
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Background
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Doc. # 11179632 Rev. B

For all algorithms, normalization is computed with respect to a
mathematically calculated “virtual” sample that represents
averaged probe intensities across a group of samples. In the
cases of spline and rank invariant normalizations, the virtual
sample is computed based on the content of the reference
group. If there is no reference group, the first group in the list of
groups displayed in the Experiment pane is used for group
analysis. For SAM/BeadChip analysis, the virtual sample is
computed based on the content of the first alphanumeric entry
in the upper-left area of the Matrix pane. For the hyb controls
and average methods, all samples in the experiment are
averaged to produce the virtual sample. A detailed description
of normalization algorithms follows.

The background value is derived by averaging the signals
of built-in negative control Bead types. Outliers are removed
using the median absolute deviation method.

Sample intensities are simply scaled by a factor equal to the
ratio of average intensity of virtual sample to the average
intensity of the given sample. Background is subtracted prior to
the scaling.
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Cubic Spline  The method is similar to the one proposed by Workman et al.'
The normalization uses quantiles of sample intensities to fit
smoothing B-splines.

l

Let ¢= ("*%,i =1,2,...,N be avector of N quantiles

N .
( ~N= max(lS, "l’&’)’e‘) ). Here, Nyropes is the number of

probes represented on an sample.

For each sample, we compute its vector of quantile intensities.
Similarly, we compute quantiles for the “virtual” averaged
sample after background subtraction. Cubic B-spline is computed
and used for interpolation. For points with intensities ranked
outside the [q,,¢,] interval, we use linear extrapolation rather
than spline to avoid nonlinear effects outside the region of
interpolation.

Hyb Controls Let k= 1..., N enumerate all samples used in the experiment.
Then for sample k, normalization coefficients (ay,by) are
computed using iteratively re-weighted least-squares fit
v, = ay, +b,. Here, y  y, are vectors of intensities of probes
corresponding to hybridization controls on virtual and sample k,
respectively. Tukey bisquare weight function with tuning
constant 4.685 provides 95% efficiency when errors are normally
distributed, while maintaining protection against outliers.
Standard deviation of errors is estimated using median absolute
deviation. Normalized intensities are

X new _ yk_bk
computed with Yk = — , and then background

is subtracted. For furtherkinformation on the use of hyb controls,
see the System Manual System Controls appendix for your
specific product.

1.Workman C, Jensen LJ, Jarmer H, Berka R, Gautier L, Nielser HB, Saxild HH, Nielsen
C, Brunak S, Knudsen S. A new non-linear normalization method for reducing
variability in DNA microarray experiments.
Genome Biol. 2002 Aug 30;3(9):research0048.
PMID: 12225587 [PubMed - indexed for MEDLINE]
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This method is exactly the same as Hyb Controls on page 6-9,
except it uses a rank invariant set of probes between a given
sample and a virtual sample instead of hybridization controls.
The rank invariant set is found as follows: we start by
considering probes with intensities ranked between
LowRank=50t™" percentile and HighRank=90t™" percentile. If the
probe’s

relative rank change ‘r"rj <0.05, then the probe is considered

v

to be rank invariant. If less than 2% of all probes in the region
are identified as rank invariant, then LowRank is gradually
decreased until it reaches 25t percentile.
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Differential Expression Algorithm

All algorithms compare a group of samples (referred to as the
condition group) to a reference group. The comparison is done
using the following error models:

» Illumina custom
»  Mann-Whitney
b T-test

[llumina Custom  This model assumes that target signal intensity (/) is normally
distributed among replicates corresponding to some biological
condition. The variation has three components: sequence
specific biological variation (G, ), nonspecific biological

variation (o,,.), and technical error (G,,.;) -

I:N(y,a)

_ 2 2 2
O = /O ech +O_neg +Gbin
o,,=a+b<1>

tech

Variation of nonspecific signal Speg is estimated from the
signal of negative control sequences (using median absolute
deviation). For ©,,., , we estimate two sets of parameters
(@,opb,0p AN (a,,,4b,.,,s) fOr reference and condition groups

respectively.

We estimate o tech using iterative robust least squares fit which
reduces influence of highly variable genes. This implicitly
assumes that the majority of genes do not have high biological
variation among replicates. When this assumption does not

hold we overestimate technical error by some averaged
biological variation.
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I
When groups contain biological replicates, we produce p-values
using the following approach:

O,y =Max(s,,, d,, +b, 1., )
O-cond = max(scond ’acond + bcond I cond )
[ cond — I ref
p =Z 2 2 2 2
O-ref + Gneg(ref) + Jcona’ + Gneg(cond)
N ref N cond

where s, . and s,,,, are standard deviations of probe signals.

NOTE:

Nref and Ngong denote the number of samples in the reference
and condition groups respectively.

We consider that standard deviations exceeding G, ., reflects
biological variation. However, we assume that estimates smaller
thanc,, ., are caused by random errors. Therefore, we use the
larger of two estimates. Usage of G,,, provides regularization
for low abundance targets. Z is two-sided tail probability of
standard normal distribution.

When reference and conditions groups contain one sample each,
we can neither estimate sequence specific biological variation
nor sample processing variation. Instead, we can only assess G
using bead type variation. Therefore, we penalize for that by a
factor of 2.5 applied to parameter ». This factor was
determined empirically from examination of real sample data.

1 1

cond

ref

= 2 2 2 2
\/(are/' + 25b'e/ ]re_/') + O-neg(re_/') + (am/zd + 2'5bcnnd [m/zd) + a/zeg(cond)

p

DASL ™ Assaa In DASL mode, this factor is 3.

Doc. # 11179632 Rev. B 1.800.809.ILMN (1.800.809.4566) or +1.858.202.4566 (outside North America) www.illumina.com



Normalization & Differential Analysis Algorithms 6-13

[ DASL™ Assaﬂ

Mann-Whitney

A DiffScore for a probe is computed as:

DiffScore= 10sgn(pu,,,;— uref)log 10(2)

For the gene, DiffScores of corresponding probes are averaged.
In addition, concordance between probes is reported.

In DASL, p-values are generated for red and green channels
independently. These are averaged and the final p-value is
generated from the distribution of the average of two
independent uniform (0, 1) variables. If direction of intensity
change is different for red and green signals, then the larger of
p-values is replaced by 1 - p-value prior to averaging.

|nu—nd|
Concordance is defined as |7, +n, where ny is the number of
probes showing upregulated signal and ng is the number of
probes showing downregulated signal.

This implementation produces exact p-value if:
min (Nref, Neond) < 3
OR
min (Nref, Neong) <9 AND - max (Npef, Neong) < 13

Otherwise, normal approximation with continuity correction is
used. Differential scores are computed as described for the
Illumina Custom model (page 6-11).
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T-test  When either the reference group or a condition group contains at
least two samples, variance is estimated across replicate
samples. Otherwise, variance is estimated from bead-to-bead
variation®. We use t-test with the assumption of equal variance.
* Variance computed from bead-to-bead variation may significantly

underestimate total variance. We recommend using Illumina Custom model
in this case.

Differential scores are computed the same way as described for
the Illumina Custom model (see page 6-7).

Detection Score

Detection scores are computed using negative control signals.
Because Illumina’s whole genome BeadChips contain large
numbers of negative controls (1,000 - 2000), while its focused
array and DASL products contain fewer negative controls,
different algorithms are used for each type of product.

Whole Genome BeadChips

For whole genome BeadChips, the detection algorithm uses a
large number of negative control probes.

Instead of using parametric assumptions, gene signals are ranked
relative to the distribution of signals of the negative controls.

DetectionScore = R / N, where R is the rank of the gene signal
relative to negative controls and N is number of negative
controls. For groups containing multiple samples, the following
modification is used. Let m be the number of samples in the
group. On the jth sample, the gth gene signal is converted to a Z
value and the average Z value across all m samples is computed.
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Here u'..; and o'nee  are the mean and standard deviation of
signals of the negative controls on the jth sample. I is the signal
from gene g. The same transformation that is applied to 7 is also
applied to the signals of negative controls. Detection Scores are
computed based on the rank of the Z value of a gene relative to
the Z values of the negative controls.

Focused Array & DASL Products

Since these products typically contain small numbers of
negative controls (20 - 40), their signals (with outliers removed
using median absolute deviation) are modeled by normal
distribution. The detection score for the probe with intensity

lprobe is given by:

1— Z(‘Iprobe B “neg‘)

Gneg
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I
Here, ., is the average intensity of negative controls ands,,,
is the standard deviation of their signals. Z is the one-sided tail
probability of standard normal distribution. For the gene
represented by N probes we use:

1— Z(mllgene - Mneg')
cYneg

When experimental group contains M replicate samples, the
average Z value of Z4,...,Zy, computed for each sample
independently, is assumed to follow a normal distribution

oo JEED

where r is the average correlation coefficient of signals of
negative controls.

Averaging is done across all pairs of different samples.

In DASL mode, detection p-values (1 - DetectionScore) in red and
DASL™ Assaﬂ green channels are computed independently. Their average is
assumed to follow distribution of the average of two
independent variables distributed uniformly on the interval
(0,1). The p-value is generated from that distribution and
converted to DetectionScore as 1-pvalue.
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NOTES
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