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Welcome to GeneSpring

Congratulations on selecting the most advanced, flexible tool available for gene expres-
sion data analysis.

This manual is a guide to GeneSpring features. Chapter 1 covers installing GeneSpring,
loading and setting up your data, and GeneSpring basics. The remaining chapters discuss
loading, set-up and the various data analysis and visualization tools in detail.
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Getting Started

Getting Started

Requirements

Windows:
*  Windows 98/NT/2000
* Pentium II or better
*+ 256MB RAM (512MB recommended)
* 1024x768 display
* 40MB of free disk space

Macintosh:

* MacOS 9.1 or higher

*  Power PC or better

« MRIJ22.5

*+ 256MB RAM (512MB recommended)
* 1024x768 display

* 40MB of free disk space

*  Most common Unix OSes (Linux and Solaris recommended)
* A JVM that supports JDK1.1 or later

* 256MB RAM (512MB recommended)

+ 1024x768 display

* 40MB of free disk space

Installing from a CD

If you are installing GeneSpring from a CD, you have several options after you place your
CD in the drive:

1. Select Install GeneSpring Demo. A splash screen and an InstallAnywhere©
screen appears with a progress bar.

2. Follow the on-screen instructions. For more information see the ReadMe file included
with the CD.

In Windows, you can also install the software by using the Start > Run command in
the Start menu. Enter D: \gspring.exe, where D is the CD-ROM drive on your com-
puter.

Installing from the Web

If you are reading this manual and do not have a copy of GeneSpring, you can download a
copy by going to the following URL.:
http://www.sigenetics.com/cgi/SiG.cgi/Products/GeneSpring/download.smf

1-2 Welcome to GeneSpring



Getting Started

Follow the on-screen directions and Silicon Genetics will send you a username, password
and download link.

Starting GeneSpring

Once you have installed GeneSpring, the GeneSpring icon appears on your desktop.

o

ZeneSpring

Figure 1-1 The GeneSpring icon

To start GeneSpring, double-click the GeneSpring icon. Windows users can also start
GeneSpring by selecting it from the Start menu > Programs > GeneSpring or
navigating to Program files > Silicon Genetics > GeneSpring and dou-
ble-clicking the GeneSpring icon.

Macintosh users can also start GeneSpring from the Applications folder/Silicon Genetics/
GeneSpring.

A splash screen appears containing your GeneSpring version number, the expected expira-
tion date and the JVM you are using. You will then see the GeneSpring main window. For
further details, see “GeneSpring Basics” on page 1-6.

Obtaining a License Key

If you have already installed a demo copy of GeneSpring, your license key will expire
within one month of the initial installation. Once you have purchased a full GeneSpring
license, Silicon Genetics will send you a license key. Save this license key file in the Sili-
con Genetics/GeneSpring/Data folder. If you have kept the default settings of GeneSpring,
on a Windows machine look in C:// Program Files, and on a Mac look in the Applications
folder. When the key is about to expire, you will get a warning message 30 days in
advance. If your license has expired, or is about to, contact Silicon Genetics at 1-866-SIG-
SOFT (744-7638).

Setting Memory Usage Options

Once GeneSpring is installed, make sure the default memory setting in GeneSpring prefer-
ences is half of your computer’s available memory (or more if you have a lot of RAM). To
do this, select EAit > Preferences, choose System from the pull-down menu and
enter the amount of memory in the Desired Memory Use field.

Configuring Virtual Memory

At least 150MB of virtual memory is required for optimal GeneSpring performance. To
ensure that large files are not interfering with software performance, you may need to
move some large files to a different hard disk.

If you continue to experience slow performance, check memory usage by selecting Help
> System Monitor before invoking any functions. Make a record of the Total Mem-
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ory and Free Memory listed in the System Monitor window and contact the Silicon Genet-
ics Technical Services Department at 1-866-SIG-SOFT or support@sigenetics.com.
Updating GeneSpring

To update an existing GeneSpring installation, select Help > Update GeneSpring
and follow the on-screen instructions to obtain the current GeneSpring. jar.

Learning To Use GeneSpring

The Help Menu

The Help Menu is located on the right of the menu bar.

Tutorial

This command opens your default browser and takes you to the GeneSpring Basics
Instructional Manual in PDF format. You can save this file to your local machine and print
it. The tutorial covers many basic topics of GeneSpring.

User Manual

Select the User Manual command to open the manual installed on your hard drive during
installation or updating. The GeneSpring User Manual is a PDF document you can save or
print.

Version Notes

Select this option to view notes for your version of GeneSpring. These are located in
C:\Program Files\SiliconGenetics\GeneSpring\docs\Version-
Notes.html.

Update GeneSpring

Select this option to download the latest version of GeneSpring. You must have an active
license key to update your software.

You can also automatically update the manuals that accompany GeneSpring. The manuals
are published in HTML or PDF formats. It is important to download updated documenta-
tion when you update the GeneSpring software.

Technical Support

Select this option to contact Silicon Genetics technical support on the Web.

Silicon Genetics on the Web

Select this option to browse the Silicon Genetics website. This site contains a wealth of
information including manuals and information on workshops designed to help you use
GeneSpring more effectively.
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GeNet Database

Select this option to browse the GeNet™ Web page. From here you can download a demo
version of GeNet™ and upload or download additional information. See the GeNet User
Manual for more information.

Support and Training Resources

Select this option to view the Silicon Genetics training page. Here you can take advantage
of Silicon Genetic’s many training options.

System Monitor

Select this option to view the Java system monitor to track free memory and view the pro-
cesses running on your computer.

Test Database Connectivity

If you are using a database with GeneSpring, select this option to verify that GeneSpring
and the database are communicating with each other.

Show Helpful Hints

Select this option to display a new helpful hint each time you start GeneSpring.

About

Select this option to view information about GeneSpring such as the version number and
demo expiration date. If you contact Technical Support, they will ask you for the version
of GeneSpring you are using.
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GeneSpring Basics

GeneSpring is a powerful analysis tool. Like any professional level program, it can be
intimidating to new users. The following section is a brief introduction to using Gene-
Spring and loading data designed to get you up and running in the shortest possible time.
Figure 1-2 depicts the steps in a typical analysis session using GeneSpring. Note that this
diagram represents what might occur in a typical data analysis session and does not
include all of the types of analyses found in GeneSpring.

export data and/or images
for use in publication or target
validation

publish to/retrieve
from GeNet

Figure 1-2 Typical GeneSpring workflow

In the process of loading your data, you will come across terms and concepts such as
genome, parameter, parameter values, replicate, interpreted data, etc. Below are explana-
tions of how these terms are used in GeneSpring.

What is a Genome?

In the context of GeneSpring, a genome contains information about all the genes in your
chip or microarray setup. Note that a GeneSpring genome does not correspond exactly to
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the biological definition of a genome. A genome in GeneSpring is composed of discrete
genes as opposed to the full nucleotide sequence. This means that a GeneSpring genome
can contain two genes representing alternately spliced variants of a single gene, whereas a
true genome would include the DNA sequences for only one.

What is a Parameter?

Parameters are experiment variables, such as stage, time, concentration, etc.

Parameter values are values assigned to experiment parameters. For example Embryonic,
Postnatal or Adult could be parameter values of the experiment parameter stage, while
.01 ppm could be a parameter value of the experiment parameter concentration.

What are Replicates?

Replicates can be:

+ multiple spots on the same array representing the same gene (also referred to as a copy)
+ the same sample on more than one array
+ abiological replicate, equivalent samples taken from more than one organism

Graphically, a parameter defined as a replicate is a hidden variable; no visual distinction is
made based on this parameter or its parameter values.

What is a Region?

Regions divide your data into specific sections. This is important if you use multiple
arrays and want to normalize sections of an array separately rather than normalizing across
the entire data set.

What is Raw Data?

The analysis process begins by obtaining data in the form of flat files that were generated
by your scanning software or other expression analysis technology. GeneSpring is capable
of recognizing most commercially available formats and can be customized to work with
other formats as necessary. Typically, the gene/spot/probe-set intensity values in these
files are referred to as raw data.

What is Normalized Data?

If GeneSpring recognizes your file format, it applies a set of default normalizations appro-
priate for your expression analysis technology. The denominator used to normalize each
measurement is referred to as the control strength.

What is Interpreted Data?

GeneSpring can interpret normalized data in many different ways. You can elect to have
multiple samples treated as replicates and averaged, and indicate what assumptions you
GeneSpring should make about the precision of these averaged values. You can display
and perform analyses on normalized data using three modes: ratio (raw versus control
strength), logarithm of ratio, or in terms of fold change (versus the control strength). /¢ is
important to note that the graphical display of normalized values and the numbers used
for all analyses (such as clustering) reflect the mode you have chosen. However, the num-
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bers displayed as text (as in the Gene Inspector window) and entered by the user as
parameters for analyses (as in the Filter Genes tools) are always in ratio mode.
What are Flags?

Flags are additional measurement markers in your data set. They can be assigned as
present, marginal, unknown, or absent.

Data Loading

The demonstration version of GeneSpring comes pre-loaded with sample yeast, rat and
Affymetrix data. Many users benefit from performing trial analyses on these sample data
sets. When you are ready to analyze your own data, you must load and set up the data for
analysis. There are four steps to preparing data:

1. Loading gene information (optional)
2. Loading experiment information

3. Telling GeneSpring how to analyze and display the information by assigning normal-
izations, parameter values, and modes of display

4. Annotating/updating your genome

Loading Your Data

Step 1: Load gene information from your arrays (optional)
1. Start GeneSpring and select File > New Genome Installation Wizard.
2. Type the organism name (or the brand name of your array) and click Next.

3. Enter the information requested on each screen and click Next until you have com-
pleted the wizard. For details, see “The New Genome Installation Wizard” on page 2-2.

If you skip this step, GeneSpring can load gene information directly from your data
files. However, to retrieve annotations for your genome using the GeneSpider (Step 4),
you must enter the GenBank accession number of each gene in column 10 of the mas-
ter gene table. Silicon Genetics can provide annotated genomes for many of the most
commonly used arrays. Call 1-866-SIG-SOFT or email support@sigenetics.com for
details.

Step 2: Load an Experiment
1. Select File > Import Data.

2. Choose a file.

3. If GeneSpring recognizes the format of your data file, it asks you to name your
genome. If the data format is unknown, you must set up columns using the column edi-
tor.

To set up columns, click each of the cells in the Function row and choose a data type
from the pull-down menu. When you are done, click Next.
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4. GeneSpring asks if there are more files to be loaded for this experiment. If there are
additional files, select them from the menu and click Add. When you are done, click
Next.

If there are no more files to load, click Next.
5. Enter required attributes, if any, and click Next.

6. Click Yes if you would like to create an experiment from the sample(s) you imported.
If not, click No.

7. Enter an experiment name in the Choose Experiment Name window and click Save.

Step 3: Assigning Normalizations, Parameter Values, and Interpreta-
tions

1. Select Experiments > Experiment Normalizations. Choose the types of
normalizations to apply. Four classes of normalizations are available:
* background subtraction
* per spot normalizations
+ per chip (global) normalizations
* per gene normalizations.

Specify the desired normalizations and save. For information about normalizations and
when to apply them, see Chapter 5, “Normalizing Data”.

2. Select Experiments > Experiment Parameters. Set parameter name, units,
values, and value order, and add any missing parameters. For information about chang-
ing experiment parameters, see “Experiment Parameters” on page 3-29.

3. Select Experiments > Experiment Interpretation. Choose the follow-
ing:
* mode of display
* lower and upper bounds of data
+ flagged measurements to be included
* whether to use the Cross-gene Error Model

» whether the data should be continuous, non-continuous, viewed as a replicate, or
color-coded

These assignments are an extremely important preparation for any type of data analy-
sis. For information about changing experiment interpretations, see “Experiment Inter-
pretations” on page 3-39.

Step 4: Annotate your genome (optional)

Most researchers will want to import the maximum amount of biological information
available about each gene before beginning analyses. After collecting the data, it is a good
idea to make lists of genes based on appropriate keywords.

1. Select Annotations > GeneSpider.

2. Select a database from which to update your annotations.
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3. Select the column in your master gene table that contains the accession number (usu-
ally Column 10 for the GenBank locus). Make sure there are accession numbers in the
column you select.

4. Click start (the GeneSpider may continue gathering information for many hours).
5. Click Save and close when the GeneSpider is finished.
For details on the GeneSpider see “Annotation Tools” on page 6-27.

At this point your data are ready to work with.
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Basic Actions

Once you have loaded your data, GeneSpring opens a window containing information
from your new genome. Initially all the genes in your experiment are displayed. To see
your new genome select File > Open Genome or Array and choose your genome

from the pop-up list.

o

% Full GeneSpring Yeast Genes : all genomic elements

File Edit View Experiments Colorbar Filtering Tools Annotations Window Help
Gene Lists 10
Experiments

Gene Trees
Condition Trees
Clasgsifications
Fathways

Array Layouts
Expression Profiles
External Programs
Eookmarks

Scripts

The navigator
allows you to
select which

The genome browser allows
‘you to visualize your data and
analysis results.

i

This area shows experi
parameter values\'at vari
points within an'experim

=

Mormalized Intensity {log scale)

0.01-

The colorbar
provides a
visual key to
the current
coloring
scheme.

0 10 20 30 40 50 B0 70 80 100 120 140
data to work
with.
Y-axis: ‘east cell eycle time series {no 80 min), Default Interpretation
Colored by. time 7.648 minutes

Gene List.  all genomic elements (F216)

ﬂ| U 1 1 1 | I 1 1 1 1 I | |
| | | Magnification : 1

160

Drag the slider to move to different
points within your experiment.

Figure 1-3 The main GeneSpring window

The picture area
displays images
corresponding to
the various points
in an experiment.

Below are some basic procedures for navigating the GeneSpring interface.

Changing the genes displayed:

Open the gene list folder in the navigator. GeneSpring initially displays the “all genes” list.
You can change the genes shown in the display by choosing another list.

Views:

You can change the view in the genome browser using the View menu. GeneSpring ini-
tially displays the Classification view, in which genes are displayed according to pre-
defined categories. However, you can also view displayed genes as a graph, a scatter plot,
a bar graph, an ordered list, etc. Note that some views such as Tree, Pathway, and Array
Layout require some preparation, such as creating a tree or adding a pathway or Array

Layout image. For details on views, see Chapter 4, “Viewing Data”.

Zooming in:
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To zoom in on a region or gene, click on an area and drag your cursor diagonally. An
expanding rectangle appears. Release the mouse and GeneSpring zooms in on the region
enclosed by this rectangle.

Zooming out:

To zoom out, click Zoom Out or right-click (Control + click for Mac) and choose Zoom
Out to go back one level or Zoom Fully Out to zoom out as far as possible.

Moving around the screen:

You can move around a zoomed-in screen by using Page Up, Page Down and the arrows
keys.

Selecting a gene:
Click once on a single gene to select it.
Selecting multiple genes:

Hold down the Shift key and drag to select multiple genes. Or hold down the Shift key and
click on individual genes to select them one by one.

Finding a specific gene:

Select Edit > Find Gene or Ctrl+F. Enter the gene name or keyword and click OK.
GeneSpring selects and zooms in on the gene.

Inspecting genes:

You can view detailed information about a gene by double-clicking on it to bring up the
Gene Inspector window. This is easier after zooming in on the gene. A shortcut to the
Gene Inspector is Ctrl + 1, or 38+1 for Mac users.

Undo:
You can undo your last action by selecting Edit > Undo orCtrl + Z (3 +Z for Mac

users).

Your First Gene Lists

To make lists from appropriate keywords:

1. Select Annotations > Make Gene Lists from Properties.
2. Choose the property you want to use for generating lists.

3. Click OK.

To make a list based on biological function:

1. Select Annotations > Build Simplified Ontology.

2. Name your new list.

3. Click OK.

To make lists from a group of selected genes:

1. Right-click over a highlighted group of genes.

2. SelectMake List from Selected Genes from the pop-up menu.

Your new lists appear in the Gene Lists folder.
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Tips for Macintosh Users

Except where otherwise noted, instructions in this manual describe GeneSpring usage on a
PC. If you are a Macintosh user, you may find the following keystroke and mouse conver-
sion information helpful:

+ Right-Click—Hold Control and click. This most often activates a pop-up menu.

« Ctrl = 3—Substitute the 3 key wherever the manual mentions Ctrl. For example, if
the manual says “press Ctrl + I to reach the Gene Inspector,” substitute the 38 (Apple)
key for Ctrl.

* Drawing genes on a pathway—Hold down the Option key and drag your cursor diag-
onally to draw a gene on a pathway. See “Pathways” on page 6-16 for more informa-
tion.

Note that on a Macintosh the menu bar is at the top of the screen, not on the individual
GeneSpring windows as displayed in this manual.
The Navigator

GeneSpring organizes data elements relating to your genome into folders in the navigator.
Each folder contains a specific type of information.

By default, folders in the navigator are closed, although on start-up GeneSpring displays
an “all genes” or “all genomic elements” gene list. To change the default genome that
GeneSpring initially open, select Edit > Preferences and click the Data Files
tab. Enter a genome name in the Default Genome text field and click OK.
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Figure 1-4 The GeneSpring Navigator
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The Gene Lists Folder

During analysis, you will create and work with interesting collections of genes known as
gene lists. These gene lists are stored in the Gene Lists folder. By default, GeneSpring
makes and displays an ““all genes” list containing all genes in the genome.

The Experiments Folder

The Experiments folder contains experiment information. Experiments are divided into
interpretations. Experiment Interpretations tell GeneSpring how to treat and display your
experiment variables, called experiment parameters.

Conditions are groupings of one or more samples. Each sample may be a condition, as in
the “All Samples” interpretation or a condition may include multiple samples. For exam-
ple, because the experiment above is organized according to the parameter values Embry-
onic, Postnatal and Adult, these can be called the conditions of the experiment. Within
these conditions, the parameter day is being treated as a replicate and has been averaged
for each condition, Embryonic, Postnatal and Adult, across all samples. Hence a condition
can include data from more than one sample.

The Gene Trees Folder

Any gene trees created in GeneSpring are kept in the Gene Trees folder. Gene trees are
dendrograms used as a method of showing relationships between the expression levels of
genes over a series of conditions.

The Condition Trees Folder

Condition trees are like gene trees, except that instead of showing the relationships
between genes, they show the relationships between the expression levels of samples.
Condition trees are kept in the Condition Trees folder.

The Classifications Folder
The Classifications folder contains genes that have been grouped or classified to divisions
defined by k-means or SOM clustering.

The Pathways Folder

Pathways are images of regulatory or metabolic pathways that can be imported into Gene-
Spring. Genes are overlaid on these images allowing you to observe their changing
expression levels across experimental conditions. A feature called Find Genes Which
Could Fit Here can be used as a tool to predict new pathway elements.

The Array Layouts Folder

The Array Layouts folder contains information about the arrangement of the spots on your
array. These can be used to recreate an image of your arrays to check for regional abnor-
malities.
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The Expression Profiles Folder

Expression profiles are lines representing gene profiles that you draw in the genome
browser. You can then search for genes matching that profile. Any expression profiles you
create are stored in the Expression Profiles folder.

The External Programs Folder

External programs are analysis programs outside GeneSpring that can be launched from
within GeneSpring. Data from GeneSpring is sent to the program and output from the pro-
gram is recognized by GeneSpring. These programs are kept in the External Programs
folder.

The Bookmarks Folder

Bookmarks are saved display settings such as experiment, gene list, color scheme,
selected genes, etc. You can always save your current display and return to it later by
opening the Bookmarks folder and selecting a particular bookmark.

The Scripts Folder

Scripts are tools that save time by allowing a long series of data analysis steps to be per-
formed at once. Scripts are re-usable and can be applied to any data set. You can create
your own scripts using the Silicon Genetics ScriptEditor. All scripts, including compli-
mentary scripts shipped with GeneSpring 4.2, are stored in the Scripts folder.
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Commonly Used Functions

To open a different genome, choose File > Open Genome or Array and follow
the submenus to your desired genome. To open another copy of the main window, choose
File > New Linked Window. Each of these brings up a new main window similar
to the one described in “GeneSpring Basics” on page 1-6.

To change preferences (colors, start up genome, etc.), choose Edit > Preferences.
See “Setting Preferences” on page 1-18 for more details.

The Gene Inspector Window

Double-click a gene to bring up the Gene Inspector window. This window contains spe-
cific information about the selected gene. See “The Gene Inspector” on page 4-10 for
details. Information presented in the Gene Inspector might include:

» knowledge you have about your selected gene (typically text).
» graphs of the selected gene’s expression profile from the current experiment.

+ links to internet or intranet databases on the web for the selected gene.

Making Lists

There are many ways to create a list of genes, see Chapter 6, “Analyzing Data” for more
details. From the Gene Inspector window you can do the following.

Making Lists with the Find Similar Command

The Find Similar button in the Gene Inspector allows you to create a list of genes
having similar expression profiles to the gene being displayed. See “The Find Similar
Command” on page 6-6 for more details.

Making Lists with the Complex Correlation Command

The Complex Correlation button in the Gene Inspector allows you to make a list of all the
genes satisfying various conditions you define. See “The Find Similar Genes Window” on
page 6-7 for more details.

Making Lists with the Venn Diagram

Select Colorbar > Color by Venn Diagram to begin. Right-clicking over lists
in the navigator allows you to fill the diagram. This function allows you to make lists
based on the membership of genes in a Venn Diagram. See “Making Lists with the Venn
Diagram” on page 6-13 for more details.

Making Lists with the Filter Genes Command

Select Tools > Filtering & Statistical Analysis. It allows you to use
expression level constraints and control strength restrictions to create a smaller gene list.
See “The Filtering Menu” on page 6-51 for more details.
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Making Lists from Selected Genes

You can make a list of all the genes you have selected in the genome browser by right-
clicking and choosingMake List from Selected Genes. See the “Finding and
Selecting Genes” on page 4-4 for how to select genes. See “Making Lists from Selected
Genes” on page 6-14 for more details on this method of making a gene list.

Making Lists from Conjectured Regulatory Sequences

Once you have found possible regulatory sequences using the Find Potential Regulatory
Sequences window (see “Regulatory Sequences” on page 6-18 for more details) and are
inspecting one of the sequences in the Conjectured Regulatory Sequence window, you can
make a list of all of the genes containing that sequence by selecting List > Make
Gene List. See “Using the Conjectured Regulatory Sequence Window” on page 6-23
for more information.
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Setting Preferences

The preferences screen allows you to change GeneSpring’s global preferences. Note that
some changes may not take effect in the currently open window or in your current Gene-
Spring session. Saved changes in the preferences window will not take effect until Gene-
Spring is restarted.

Select Edi t > Pr ef er ences. To change any options in the Preferences window, click
the appropriate tab to view the available settings.

Data Files

On this tab you can set the defaults of what you would like to see when GeneSpring opens.
Set the defaults on this tab to have GeneSpring open directly to your chosen genome.

* Data Directory—The directory containing all GeneSpring data, including the genome
that opens at startup. Use the browse button or the Navigator to choose the directory.

* Load Sequence—Load nucleic acid sequences with the genome data.

*  Suppress warnings about ambiguous gene identifiers when opening experi-
ments—Check this box to suppress the ambiguous gene identifier warning message
(not recommended). For more information on ambiguous gene identifiers, see “Ambig-
uous Gene Identifiers” on page 2-9.

* Default Genome—The default genome to open when you start GeneSpring.

- Select No default genome to be prompted for the genome to open each time you
start GeneSpring.

- Select Open the genome that was last used in the previous session to default to the
last genome opened.

- Select Open a specific genome to specify a default genome to open every time you
start GeneSpring. To change this value, select the desired genome from the dis-
played directory. (On MacOsX, this menu is not displayed. To select a genome,
click the browse button.)

Database

Use the pull-down menu to specify how GeneSpring assigns parameters for a series of
numeric values in your database. You must also specify the fully qualified classname of
the driver in the JDBC driver field.

Use the pull-down menu to specify how GeNetViewer assigns parameters for a series of
numeric values in your database. You must also specify the fully qualified classname of
the driver in the JDBC driver field.

Color

From this tab you can change the colors GeneSpring uses to represent different types of
data and other screen elements. There are a variety of default color schemes available to
choose from. The brightness of a color depends on the trust associated with it. For more
information, see “Trust” on page 4-30.
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Over- and under-expression color refers to the coloring of genes as shown in the genome
browser and color bar. To change the definitions of overexpressed (upregulated) and

underexpressed (downregulated) genes, right-click over the colorbar in the main genome
browser. See“Changing the Colorbar Range” on page 4-32 for more details on this topic.

The colors you choose are blended to create a continuous spectrum from High to Normal
to Low expression values.

There are two sections on this tab: Standard Colors and Group Colors.

Standard Colors

These are the colors applied to general display options.

%, Full GeneSpring Preferences

Data Files | Gene Labels Browser | Systemn | GeMet
Datahase Colors | Firewrall Computation | Miscellaneous
Standard Calaors Group Calars
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Figure 1-5 The Colors section of the Preferences window

* Upregulated Color—The Upregulated Color is the color used to display genes greater
than or equal to the High Expression value selected for the current color bar.

* Normal Color—The Normal Color is the color used to represent genes having a nor-
malized expression value of one. This is the only setting for which you can specify “no
color”.

* Downregulated Color—The Downregulated Color is used to display genes less than
or equal to the Low Expression value selected for the color bar.

» Structure Color—The Structure Color is used for the ConditionLine and for the lines
between the genes in the Physical Position View, the Tree lines, the Ordered List lines,
etc.
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* Background Color—The Background Color defines the color behind the genes and
other elements in the genome browser.

* Selected Color—The Selected Color is used for selected genes, gene names, and axes.
For this, you will probably want the greatest contrast with the background color.

» Text Color—Defines the color of text displayed in the Genome Browser window.

* Presets—The Presets pull-down menu allows you to choose from a variety of pre-
defined color schemes.

To create a custom color scheme, modify colors as desired and check the Save as
custom color scheme box. This saves your current color scheme in the Presets
menu under the name “Custom Color Scheme”. You can save only one custom color
scheme at a time.

Group Colors

This section allows you to set colors used for the following:

* Classifications

* Parameters

* Gene Lists

« PCA

* Gene Inspector

* Find Similar Samples/Color by Attribute

Each box in the displayed grid indicates a color for that group.

Click on a box to select it. The Selection area at the bottom of the panel displays that box
with the name and color of the selected group. Double-click the selected box or click
Change. . . to view the Change Color window.

To restore the color defaults, click the Defaults button.

For more information on the various color options, see “Coloring” on page 4-47.

Specific Color Definition

You have the option to define your own colors to use in the genome browser. If your
printer requires exact color definitions, specify them on this screen.

To change or adjust a color, select the Change button next to its element in the Prefer-
ences Color window.
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Figure 1-6 Color creation in the Preferences window

Click over any slider and move it horizontally to adjust the color. Watch the color preview
box and stop moving the cursor when the desired color is reached. Click OK to accept the
new color.

The checkbox Speci fy no col or is only available for the “Normal Color” settings.

Gene Labels

On this tab you can specify how you would like to name your genes in the genome
browser. The defaults are systematic name and common name. To change the defaults,
select a new option from the drop-down menus. To restore the original defaults, click
Default Gene Labels.

Browser

On this tab, specify default web browser settings if you want to use a particular browser
for the GeneSpring application. You only need to set the Arguments option if you are
using an obscure web browser that requires an argument.

Firewall

If your company has a firewall, you may need to specify settings to allow GeneSpring to
access outside networks.

Click Cconfigure Automatically to have GeneSpring attempt to automatically
detect the appropriate settings. If the settings GeneSpring chooses do not allow you to
reach the Internet, you may need to alter these settings.

The following settings are available:
* Protocol—The firewall protocol to use. Options are HTTP, SOCKS4, and SOCKSS5.

* Proxy Host Address—The host address of the computer on which the firewall exists.
This can be either a fully qualified hostname (i.e., hostname.domainname.com) or an
IP number.

*  Proxy Port Number—The port on which to connect to the firewall host.
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Password Authenticate Connections—Specify whether a password is required to
connect to the firewall host.

Username—The username used to connect to the firewall host (if required).

Password—The password used to connect to the firewall host (if required).

If you are unsure how to proceed, contact your System Administrator for details about
your firewall.

System

The System tab allows you to specify a number of different parameters regarding network-
ing and memory usage.

Limit Filenames to less than 32 characters—Allows you to limit the length of file
names. This is a useful default setting for Macintosh users, since MacOS does not
accept file names longer than 32 characters.

License Server— Allows you to specify the IP address of the machine that dispenses
concurrent licenses.

Desired Memory Use— Allows you to set the amount of RAM GeneSpring attempts
to use. If this value is set too high with respect to total available memory, unnecessary
disk caching occurs and performance will be slow.

Disk Cache Size—Specifies the amount of hard disk space GeneSpring uses to tempo-
rarily store HTML pages accessed by the GeneSpider or by other internet-based search
functions.

Silicon Genetics recommends that you set this value to 10% of your available disk
space. In GeneSpring 6.0, experimental data is loaded into the disk cache instead of
into system RAM. GeneSpring now loads only the data currently being used into mem-
ory. This enables GeneSpring to handle much larger experiments containing any num-
ber of samples.

Cached Internet Resources Expire After—Specifies how long GeneSpring caches
copies of Internet resources for quicker access.

Number of Processors—Specify the number of processors in your computer. This
allows several types of analysis (including k-means, build gene trees, promoter search,
and predict parameter values) to be used most efficiently.

GeNet

On this tab you can specify the default GeNet server to connect to and enter the addresses
of other GeNet servers to which you want GeneSpring to have access.

To have GeneSpring connect automatically to the default GeNet server at startup,
check the Login to GeNet at Startup box. Select the default GeNet server
from the pull-down menu.

To have GeneSpring invoke the Bulk Upload to GeNet window when you quit Gene-
Spring, check the Remind me to upload new data to GeNet box.
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When you create a new experiment in GeneSpring using samples from a GeNet server,
GeneSpring saves local copies of those samples by default. This can cause slow perfor-
mance when saving large experiments. To disable this feature, uncheck the Save
GeNet Samples Locally When Creating an Experiment box.

To enter a new GeNet server, click New. . . and enter the following information:

GeNet Server Name—The name of the server to connect to

GeNet Server Address—The IP address of the GeNet server (Enter the numeric
address only, i.e., 127.0.0.1. Do not enter “http://” before this address.)

Default Username—The username with which to connect to GeNet

GeNet & GeneSpring on—Specify whether the GeNet server is on the same side of
your firewall as GeneSpring or not.

Use Secure Connection—Specify whether communication between GeneSpring and
GeNet should be secured or not. If it is secured, communication between GeNet and
GeneSpring uses HTTPS (which uses the SSL library available in Java).

To edit an existing GeNet server, select it from the list and click Edit. . .. To delete a
GeNet Server, select it from the list and click Delete. . ..

Computation

On this tab, specify settings for how to run scripts.

Default Computation—Select Local to have scripts run on your local machine by
default. Select Remote to run scripts on a remote execution server by default.

Local Computation Settings—Check Don’ t Show Script Result Summary
Window to skip the Script Result Summary when a script completes its execution. The
Current Scale Factor for Time Estimate option allows you to modify
the multiplier for GeneSpring’s internal estimate of how long an analysis will take.
This can be useful if you have significantly changed hardware or settings on your com-
puter (added more RAM, etc.).

Remote Computation Settings—Check Automatically check for
results to have GeneSpring automatically check whether your script has finished
running. Specify how often to check by entering a number of minutes in the Delay
between checks box.

Miscellaneous

The Miscellaneous panel contains a variety of settings to customize your GeneSpring
installation.

Default Minimum Correlation—Specifies the default minimum correlation coeffi-
cient that appears near the Find Similar button in the Gene Inspector window.

Restrict Gene List Searches—Allows you to limit the lists GeneSpring examines
when searching for similar lists in the Gene Inspector window and during Tree build-
ing.
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Search Gene Lists Stored—Specify whether to search gene lists stored on your local
machine, on a GeNet server, or both.

Use the Cross-Gene Error Model by Default in Experiment Interpretations—
Check this to use the Cross-Gene Error Model by default in experiment interpretations.

Font Name and Font Size—Specify the style and point size of the default display
font.

Reset Font—Click this button to reset the display font to its default value.

Language—Allow you to select from the available language choices for the Gene-
Spring interface. If your computer is set for a specific language, use the same setting
here.

Your Name, Your Group Name, Your Email—Specify the name, group name, and
email address values contained in the HTML files that go into your data directories.

Entrez mirror—Enter a web address.
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Creating Genomes

In the context of GeneSpring, a genome contains information about all the genes in your
chip or microarray setup. Note that a GeneSpring genome does not correspond exactly to
the biological definition of a genome. A genome in GeneSpring is composed of discrete
genes as opposed to the full nucleotide sequence. This means that a GeneSpring genome
can contain two genes representing alternately spliced variants of a single gene, whereas a
true genome would include the DNA sequences for only one.

Setting up a genome is usually the first step in the analysis workflow.
There are two ways to set up a genome:
* Request one from Silicon Genetics technical support

« Use the Genome Installation Wizard described in “The New Genome Installation Wiz-
ard” on page 2-2

Once you have set up a genome, you are ready to begin loading samples and building
experiments. Key information that these Genome files include:

 alist of annotations (what the scientific community knows about each gene,
including information used for building ontologies)

» alist of “gene hypertext links” (URLs from which you can find more informa-
tion about each gene from public databases

* mapping information about where each gene appears on a given chromosome

* identifiers (accession numbers) for the genes in various public databases
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The New Genome Installation Wizard

The Genome Wizard guides you through the steps of creating a new GeneSpring genome.
Most of these screens are self-explanatory. Which screens you see as you proceed through
the Genome Wizard vary depending on the information you provide.

1.

Select File > New Genome Installation Wizard. The New Genome
Installation Wizard window appears.

% New Genome Installation Wizard

= R R EE R BRI T T B Welcome to the GeneSpring Genome Installation Wizard!
o Genome Data Directory
O . Flease enter the commaon name of the organism under study. This is the
Overall Genome Properties name that will appear in ™New Genome' selection of GeneSpring's File'
U GenBank Data Files ment.
Organism name: |R. Pipiens]
= Master Gene Table
o Genome Sequence File
= Additional Genetic Elements
= Links to Web DataBases
o Miscellaneous Settings
U Finished
| Mext | Links to Web Databases |

Figure 2-1 The New Genome Installation Wizard.

2. Enter a name for your new genome. Be sure the name you enter is descriptive. Gene-
Spring creates the genome using the capitalization and spelling you enter at this time..
Click Next. The Genome Data Directory window appears.

3. Select a directory in which to save your new genome, or create a new one. By default

GeneSpring displays a new directory name in this field, using the same name you
entered in the previous screen.
* To accept the default directory, click Next.

* To change the default name, enter a new directory location in the text box. If you
enter a directory name that does not exist, GeneSpring creates it for you. If you
leave the text box blank, GeneSpring saves your genome to the default location..

+ To select a different directory, click Browse and navigate to the desired directory.
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Figure 2-2 The Save In dialog

Note: When you click Browse, the words “Dummy Name, leave alone” appear in the
File name field in the Save in window. This is expected behavior. Do not change
this text. If you accidentally click on a filename in this window, the name of that file
replaces the dummy text, and clicking Save generates an error message. If you get
this error message, click Yes. This does not replace the file you clicked. It simply
enters the correct directory name in the Specify Directory box.

When you click Next, the Overall Genome Properties window appears.
4. Specify genome properties:
* Ifyour organism has been sequenced and you have a file containing the full
sequence, select Yes in the first box. If not, leave No selected.

» Ifyour organism is a circular genome (such as a bacterium, plasmid, or virus),
select Yes in the second box. This tells GeneSpring to display your genome as a
circle in the physical position display. If your organism does not have a circular
genome, leave No selected.

When you have made your selections, click Next. The GenBank Data File screen
appears.

5. Specify whether you are using a GenBank file as your data source, and, if so, the name
of the file. If you are using an EMBL file, select Yes as you would for a GenBank file.

» Ifyou are using a GenBank or EMBL file, select Yes. You are prompted to enter
the filename. You cannot proceed until you have entered a filename. Type the com-
plete path and filename, or click the Browse button to select it from a directory.

» Ifyou are not using a GenBank or EMBL file, leave the No radio button selected.

Click Next to proceed to the next screen.

6. The Master Gene Table screen appears. (This screen appears only if you are not using a
GenBank or EMBL file as your data source.)

On this screen, enter the name of your master gene table. Type its complete path and
filename in the text box or click Browse to select it from a directory. You cannot pro-
ceed until you have entered the filename of a valid master gene table on this screen.

Note: Your master gene table must be in a name list, name function, SGD, or mapped for-
mat. For more information on these date formats, see “Data Format” on page 2-10.

Once you have entered the correct information, click Next.
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7. The Genome Sequence File screen appears. (This screen appears only if you indicated
on the Overall Genome Properties screen that your genome has been sequenced, and
you are not using a GenBank or EMBL file.) On this screen, you specify where Gene-
Spring should look for the sequence data.

Place your cursor in the Enter Genome Sequence File Name box and type the complete
file name and pathway, or click Browse to select the file from a directory. You cannot
proceed to the next screen until you have entered a file name.

Once you have entered the correct information, click Next.

8. The Additional Genetic Elements screen appears. On this screen, specify whether you
have a second table of genes. This is generally used to add genetic elements to a Gen-
Bank or EMBL-defined organism. In this case the supplementary table of genes proba-
bly contains alleles, centromeres, or genes from strains differing slightly from the
sequenced strain.

+ Ifyou do not have a separate table of genes, leave No selected.

+ Ifyou have a separate table of genes, select Yes. You are prompted to enter a file-
name and select a file format. Enter the complete filename and path, or click
Br owse button to select a file. Then select the appropriate format from the
Sel ect a file format menu. For a description of the four format options,
see “Data Format” on page 2-10.

When you are done, click Next to proceed to the next screen. The Links to Web Data-
Bases screen appears. From this screen, you can create a link to a web page or other
online resource with relevance to your genome.

9. Click the Links to Web Databases button to view a table of commonly used links. You
can copy these links and paste them into the table of links. This list is also available
from http://www.silicongenetics.com/cgi/TNgen.cgi/GeneSpring/GSnotes/Notes/
have links.

If you do not want to include links to web databases, click Next to proceed to the next
screen.

If you want to include links to web databases, select Yes.

* Inthe Enter number of i nks box, type the number of web databases to link
to. When you enter a number in this box, the number of “Button” lines in the table
below changes to match the number you entered. You can change this number at
any time while you are on this screen.

¢ In the first column of this lower table (titled But t on | abel ) enter the name of
the web database as you wish it to appear on a button within GeneSpring.

* In the right-hand column (titled URL), enter the URL of the database, with the sys-
tematic name of the gene replaced by a semicolon. If the semicolon representing the
place the systematic name of the gene should go is at the end of the URL, it may be
omitted.

You can also have links using names other than the systematic gene name. To use
one of these, attach a special character before the link name (in the But t on

| abel column). Do not put a space or other character between the special charac-
ter and the link name. To use the common name, use a dollar character ($). To use
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the GenBank Accession Number, use a percent sign (%). To use the systematic
name, less anything after a dash, use the dash (-).

You can use any column in the Master Table of Genes in a link by entering <name -
of-column> at the desired point in the url, where name-of-column is the name of
the column you want to use.

When you right-click on this screen, there is no pop-up menu allowing you to cut
and paste. However, you can still cut and paste URLs into the matrix fields by using
the keyboard commands (for Windows this is Ctrl+C and Ctrl+V). Cutting and
pasting is advised to ensure that URLs are properly entered.

Note: GeneSpring attempts to locate each URL you insert before it allows you to proceed
to the next panel. This may be a problem if you are not connected to the internet
when you are creating this genome. In this case you will have to skip this screen and
add the web-links to the . genomede £ file later. To add hyperlinks from Gene-
Spring, see Step on page 4.

GeneSpring cannot automatically locate the default web browser on NT or Macin-
tosh systems. You must set the path manually. To set the path to the browser:

-Select Edi t > Preferences.
-Click the Br owser tab.

-In the Browser path box, either type the complete file name and pathway of
the .exe file for your default browser, or click the Br owse button to locate the
proper executable, which is most likely located in the system directory. In a
Windows NT environment your path may look something like this:
C.\Program Fil es\ Pl us!\M crosoft Internet\I|EX-

PLORE. EXE

-Click OK to close the Preferences window.

When you are done with this screen, click Next to proceed to the Miscellaneous Set-
tings screen.

10.From this screen, you can force all of the systematic gene names to appear in upper or
lower case letters by selecting the appropriate checkbox. You do not have to select
either of these options.

Click Next. The Finished screen appears.

11.Click the Finish button to save your genome.

Gene HyperText Links
The format for gene URLSs in the . genomedef file has changed from earlier ver-
sions of GeneSpring. The new format is as follows:

GeneHypertextLinks: link:http://www.example.com&gene=<fieldl>&id=<field2>

where 11ink is the name of the link (and must be followed by a colon (:), not a semicolon
(5). Instances of <field> are replaced by the value of the specified parameter. The
allowed parameters are:

* systematic

¢ common
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+ genbank,
* ec

* pubmed
* map

* chromosome
* synonyms

* description

* phenotype

+ function

* product

* keywords
+ dbid

* customl
* custom2
* custom3

Links can be created using any column. Labeled format allows an unlimited number of
columns.

A link is enabled for a particular gene only if all parameters mentioned in that URL are
defined for that gene.

Experiment URLs work exactly the same way, except that they begin with Experimen-
tHypertextLinks instead of GeneHypertextLinks and the <field> variables
contain names of parameters. A link is shown in the experiment inspector only if the
experiment has parameters with names matching all fields in the URL.

In both cases, the parameter names are not case sensitive. Thus if an experiment has a
parameter called Time, you can specify it as <time>, <Time>, or <TIME> in the URL.

In earlier versions of GeneSpring, URLs were specified in the Gene Inspector Window
like this:

GeneHypertextLinks : #linkname;http://www.example.com&gene=; &org=Hs

where # is a symbol specifying the source of the gene annotation to query with: '$' to
query with GenBank locus (column 10 of master gene table), '$' to query with common
name (col. 2), '-' to query with systematic name less anything after a dash.

If none of these symbols appears before the link name, the button automatically queries
the designated database with the full systematic name. These names are added to the end
of the specified URL. To drop the chosen gene identifier within the URL into a specific
spot, mark the spot with a semicolon, ';'

GenBank or EMBL Files

If you use a single GenBank file to describe a genome, you need not use a master gene
table and therefore do not have to enter any of the information discussed in “Data Format”
on page 2-10. You also do not need a separate file to contain the sequence data (the files
for sequence data are described in “Sequence Data” on page 2-7).
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The GenBank file can be downloaded directly from GenBank, if you open a web browser
to the URL of the organism you are installing. For example, “ecoli.gbk”is a 9.5-MB
file, from the URL.:

ftp://ncbi.nlm.nih.gov/genbank/genomes/bacteria/Ecoli/

This URL is usually the same for all of GenBank’s bacterial genomes, with the name of
the organism you are installing in place of “Ecoli”. This URL may contain many file for-
mats. Make certain to download the file with the suffix .gbk. An EMBL file may be used
in place of a GenBank file.

Adding Extra Genes to a Genome Defined by a GenBank or EMBL file

You can use a GenBank or EMBL file to describe a genome and add extra genes. This is
typically done to represent a strain slightly different from the sequenced strain. To do this
you must create a separate master gene table containing all of the extra genes to add. For-
mat these tables using one of the four table of genes formats discussed in “Data Format”
on page 2-10. This file is parsed during genome creation but is not used again afterward.
Contact Silicon Genetics technical support at 1-866-SIG-SOFT for help with this process.

If you are using an original . gbk file, you can simply go to their web site and update the
entire file. Make sure you save it with the same name and to the same place as your current
. gbk file.

Updating GenBank Information

After loading your data into GeneSpring you may want to update your annotations. For
information on this procedure, see “Updating Annotations with GeneSpider” on page 6-
217.

Sequence Data

GeneSpring loads in sequence data from a GenBank or EMBL file automatically. If you
have sequence data that is not in a GenBank/EMBL file, place it in a separate file using the
. seq format.

The Silicon Genetics . seq format is similar to the FASTA format, although there are
some differences. The . seq format consists of one line of identifiers followed by lines of
sequence. The identifier line consists of the "Greater than" sign (>) followed by the chro-
mosome identifier, followed by a space which is followed by an optional description. An
example is given here.

>CHR1 This is the description of Chromosome 1
GCTGACGGACTTTCTAGCGGTCTAGCAACTGAGCGGCGCGCGGGCATCGTA
CAGCAGCGAGCTACTATCTACGCGCGGCGGATATAAAACTACAAAAAAARAA

Chromosomes in GeneSpring are given a number (1, 2, 3 etc.) and the number should be
part of the Chromosome identifier. The Chromosome identifier can optionally contain the
letters '"CHR' but is not required. The number used in the . seq format for the chromo-
some has to correspond to the number used in the Map position in the Master Table of
Genes.

The . seq format is not the same as the FASTA format. There is an example of the
FASTA format at http://www.ncbi.nlm.nih.gov/BLAST/fasta.html.
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A severely abridged example of the yeast . seq file might look like this:

>CHR1 Chromosome I data:
CCACACCACACCCACACACCCACACACCACCACCACACCACACCCACACACACA
GTGGGTGTGGTGTGGTGTGTGGGTGTGGTGTGGGTGTGGTGTGTGT GGG

>CHR2 Complete DNA sequence of yeast chromosome II.
AAATAGCCCTCATGTACGTCTCCTCCAAGCCCTGTTGTCTCTTACCCGGA
AGAATAGGGTACTGTTAGGATTGTGTTAGGGTGTGGGTGTGGTGTGTGTGGG
TGTGGTGTGTGGGTGTGT

>CHR3 LOCUS SCCHRIII 315341 bp DNA PLN
25-N0V-1996
CCCACACACCACACCCACACCACACCCACACACCACACACACCACACCCA
AGTGTGTGGGTGTGGGTGTGTGGGTGTGGTGTGTGGGTGTGGTGTGTGTGTGGTGT
GTGGGTGTGGGTGTGTGGGTGTGGTGGGTGTGGTGTGTGTG

Name multiple chromosomes sequentially, i.e., CHR1, CHR2 and so on. If there is only
one chromosome, name it CHRI.

2-8 Creating Genomes



Creating a Genome from Experiment Data

Creating a Genome from Experiment Data

In GeneSpring, a genome includes all the genes on your chip. When you create a genome
from experiment data, GeneSpring creates a genome on the fly based on genes in your
experiment data files. This means that unlike a genome created in the New Genome Instal-
lation Wizard, this genome has no annotations and no means of obtaining annotations
from public databases.

The genome consists of a master table of genes and a genome definition file. If you create
a new genome after accepting a file format recognized by GeneSpring, anything not stan-
dard to that recognized format is not included in the master table of genes. (The master
table of genes contains all the information associated with genes in a given genome.)

For example, if GeneSpring recognizes an Affymetrix file, but that file has GenBank
accession numbers, the numbers are not loaded. You can add these numbers later to the
GenBank column of the annotations file. (If your data files have a description column,
GeneSpring includes it in the master gene table.) Clontech Atlas 2.0 and Incyte GEM
Tools 2.4 have a GenBank Accession number column that is loaded into the master table
of genes.

If you have difficulties creating a genome in this way, use the New Genome Installation
Wizard. See “The New Genome Installation Wizard” on page 2-2.

Creating a New Genome

1. Select File > Import Data.

2. Choose the data file to load.

3. Specify the file format. For details, see “Importing Experiment Data” on page 3-2.

4. Select Create a New Genome and enter a name in the Choose a Name field.
You have the option to load additional files to the experiment. Choose the files to load.
GeneSpring gives you the option of adding any new genes to the genome.

Ambiguous Gene Identifiers

When the gene identifier specified during data import is not unique to a single gene in the
genome, GeneSpring can not determine which gene the measurement is for. In this case
the identifier and all corresponding genes to are listed in the Ambiguous Gene Identifiers
table and the measurement is not loaded.

To prevent this problem, edit the raw data file(s) to assign a gene identifier to each gene
that is unique in the genome (the systematic gene name in the genome is always unique)
and then re-import your data.

Contact Silicon Genetics Technical Support at 1-866-SIG-SOFT if you have further ques-
tions or experience difficulties.
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Data Format

This section describes the format of the files created by GeneSpring during the genome
creation process. This information may be helpful if you need to create or edit these files
manually.

The Master Gene Table File

1. To set up gene annotations, create a table with the following structure, using the tab-
delimited text format:

e
o S
1S [} §
T £ Q
2 (Z‘s I} c <<() o)
(8] (0] (0]
= o] K= o n Q = - o~ ™
g |8 ElE|s 2|5 |2 |58 |8 |3 |t e &
c |E Z |5 |2 |2 |8 |2 |2 |§|S|= |8 | |¢
s 5 18|c (8|8 |2|S|3|8|S5|8 (5382|358
o |=s |0 |a |a |z |2 | |o|&|vo |& |60 | |o |2
1 2 3 4 5 6 7 8 9 10 | 1 12 | 13 | 14 | 15 | 16 | 17
A B C D E F G H | J K L M N (0] P Q

Note: There are five additional columns which are not displayed above due to space con-

straints. These are:

DBid—18 (R)

GO Biological Process—19 (S)
GO Molecular Function—20 (T)
GO Cellular Component—21 (U)
RefSeq—22 (V)

For example, if you had Gene Identifiers (as the genes would be identified in a raw data
file) and GenBank Accession number for all the probes on a chip, the table viewed in
Excel might look something like this:

Ai L14754
Alj X79882
A1k D78579
A1l M31630
Alm J04111
etc. etc.

Opened as a tab-delimited text file, the table might look like this:
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! Genes_on_my_chip.txt - Notepad |:||E|E|
File Edit Format View Help

i L14754 |a
Alj X79882 N
Al D78B579

A1l M31630

Alm 104111

etc. etc.

b
—

Figure 2-1 The Master GeneTable as tab-delimited text

2. Once the table is formatted, open to GeneSpring and select File > New Genome
Installation Wizard.

#. New Genome Installation Wizard

B . i
Welcome to the GeneSpring Genome Installation Wizard! Wel tathe Spring I ioh Wizard!
O Genome Data Directory
O overall Genome Properties Please enterthe cumr_nuln name ofthe Iurganis_;m under study. Th\sl is the
name that will appear in 'Mew Genome' selection of GeneSpring's File
B GenBank Data Files ment.
Organism narme:
= Master Gene Table
O Genome Sequence File
= Additional Genetic Elements
= Links to Weh DataBases
O Miscellaneous Settings
m} Finished Please enter the organism name
\ \ ;"D"h'k's"{E"WéE"B’éié'iﬁ'é’é’éé'}|

Figure 2-2 The New Genome Installation Wizard
3. Answer the series of questions, such as the genome name (i.e. 'Human custom"),
whether the genome is circular or a series of linearized chromosomes, etc.

4. When you reach the 'Master Gene Table' screen, click Browse and select these tab-
delimited text file you created in step 1.

5. Continue the genome installation process.

Once you are finished, the new genome can be selected using File > New Genome
or Array. Click on any gene in the Genome Browser to invoke a Gene Inspector
window from which resident gene annotation can be viewed.

If the annotations you imported include GenBank accession numbers, select Annota-
tions > GeneSpider to import additional gene annotations available through
NCBI.
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Layout Parameters

The .layout file

To create an array layout file in GeneSpring, you need at least one file to tell GeneSpring
general information about the array (size, shape, features, format, name, etc.). This file
should end in the extension . layout. You usually need another file describing exactly
which gene goes where.

The format of the . 1ayout file is a series of lines. Order does not matter. Each line con-
sists of a property, a colon, and a value.

For example, property : wvalue. Blank lines and lines starting with a number sign
(#) are ignored by GeneSpring. The following properties are allowed in the file. As
always, GeneSpring is case-sensitive, so use the capitalizations as presented here:

Name—The name of this layout, to appear in the navigator window of GeneSpring.

Icon—(optional) The path ofa 16 x 16 . gif file to appear next to the layout in the
navigator window.

VerticalSubArrays—(optional, default 1) The number of rows of sub-arrays.
HorizontalSubArrays—(optional, default 1) The number of columns of sub-arrays.
HorizontalPerSubArray—The number of columns of dots in a sub-array.
VerticalPerSubArray—The number of rows of dots in a sub-array.

VerticalDuplication—(optional, rarely used) When dots are duplicated vertically, the
number of copies.

HorizontalDuplication—(optional, rarely used) When dots are duplicated horizon-
tally, the number of copies.

CommonArrayType—The format of the array.

*  Q-X-Y—The data file contains two columns. The first is a list of genes, the second
is a set of three numbers separated by commas or hyphens. The first is the “sub-
array” number, the second is the X-coordinate, and the third is the Y-coordinate. All
numbers start counting from 1. The subarrays are counted left to right, top to bot-
tom. The second column can optionally be enclosed in quotation marks.

* Q-R-C—Same as “Q-X-Y”, except the X and Y coordinates are swapped.

« CLONTECH LNL—There is no datafile. All genes have systematic names of the
form “B4c” indicating where they are in the array. The first (capital) letter indicates
which sub-array; the number indicated which column, and the lower case letter
indicates which row.

* CLONTECH LNNL—Same as LNL, except there are two digits instead of one.

DataFileName—The name of a datafile linking locations with gene names in format
given by the CommonArrayType choice.

Once you have created the . 1ayout file, save it in the ArrayLayouts folder of the
genome folder for which the layout pertains.
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For example, if you have not changed the defaults set-up of GeneSpring the path to the
layout folder in the yeast genome is C:\Program Files\SiliconGenet-
ics\GeneSpring\data\Demo Chips\yeast\ArrayLayouts

Examples of .layout files for Arrays

Here is an example for Pat Brown’s yeast layout. The following is from a file Pat.lay-

out:

Name
# Icon:

Pat Brown's Yeast Layout
XXX.gif
VerticalSubArrays:
HorizontalSubArrays:
HorizontalPerSubArray:
VerticalPerSubArray:
VerticalDuplication:
HorizontalDuplication:

CommonArrayType:

DataFileName:

PatLocationList.txt

Following are the first few lines of the file PatLocationList. txt

YHROOQO7C
YBR218C
YALOS51W
YALOS53W
YALQO54C
YALOS55W
YALO56W

"1,13,1"
"2,13,1"
"1,14,1"
"2,14,1"
"1,15,1"
"2,15,1"
"1,16,1"

Here is an example for a CLONTECH Array, from a file Clontech. layout:

Name: Clontech 588
XXX.gif
VerticalSubArrays:
HorizontalSubArrays:
HorizontalPerSubArray:
VerticalPerSubArray:
VerticalDuplication:
HorizontalDuplication:
Clontech

# Icon:

CommonArrayType:

Making an array can be a complicated process. Contact Silicon Genetics Technical Sup-
port at 1-866-SIG-SOFT or support@silicongenetics.com for more information on this

topic.
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Renaming and Deleting Genomes

GeneSpring saves information about each genome in the data subdirectory of the Gene-
Spring folder. For example, on a Windows system, this might be C: \Program
Files\SiliconGenetics\GeneSpring\data\. This directory contains a folder
for each genome contained in GeneSpring.

Renaming a Genome

To rename a genome in GeneSpring:

1. Using a text editor, open the . genomede £ file for the desired genome. This file is
located in the genome’s folder in the GeneSpring data directory.

For example, the . genomedef file for the Extraterrestrial Yeast genome might be
located in C: \Program Files\SiliconGenetics\Gene-
Spring\data\Extraterrestrial Yeast\ExtraterrestrialY-
east.genomedef.

2. The genome name is set in the first line of this file. For the Extraterrestrial Yeast
genome, it would look like this:

Name : Extraterrestrial Yeast

3. Delete the existing name and enter the new name, i.e., “Name: Martian Yeast”.

4. Save your changes and exit. Your changes will appear the next time you start Gene-
Spring.

Deleting a Genome

Because each genome’s folder contains all of the information assocated with a genome in
GeneSpring, including experimental data and annotations, do not delete a genome unless
you are absolutely positive no one is using any of the data it contains.

You can remove a genome from GeneSpring without deleting its data by moving its folder
to another location outside the GeneSpring data directory, such as a temporary directory or
your own user directory. The genome will not appear the next time you start GeneSpring.

To restore a genome removed in this way, replace its folder in the GeneSpring data direc-
tory. The genome reappears the next time you start GeneSpring.

To permanently remove a genome, delete its folder from the GeneSpring directory.
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Importing Experiment Data

GeneSpring can load data from nearly any expression analysis technology, provided the
data are formatted as tab-delimited text. The following section describes methods of load-
ing data that is automatically recognized by GeneSpring as well as for loading data from a
custom source.

GeneSpring automatically recognizes the formats of the following products:
* Clontech AtlasImage 2.0

+ Affymetrix Metrixs

+ Affymetrix Pivot

* Affmetrix MAS 5.0

* Axon GenePix Pro 2

* Axon GenePix Pro 3

* BioDiscovery Imagene 4

* Incyte Internet

* Incyte GEM Tools 2.4

» Packard Biochip ScanArray/QuantArray
» Agilent Feature Extraction

*  Amersham CodeLink

+ dChip

If GeneSpring is unfamiliar with your file format, you can define a custom format to spec-
ify the type of data in each column. These specifications can be added to the list of known
file types so that you can load subsequent experiments in batches.

Make sure you use the raw, tab-delimited files just as they come out of the scanner. Gene-
Spring uses this information in the column headers. If you have cut out header informa-
tion, use your original tab-delimited data files.

Memory Use for Experiment Loading

In GeneSpring 6.0, experiments are loaded into the disk cache as well as into system mem-
ory (RAM). This requires some additional time when an experiment is first created. Once
the experiment is loaded, it can then be reloaded in a fraction of the time. This change was
made to accommodate the loading and creation of very large experiments, especially for
systems with limited memory.

If you want to free some hard disk space or think that your cached data folder may be cor-
rupted, delete the cache folder (GeneSpring/data/cache, where “GeneSpring” is
the GeneSpring home directory on your machine). This forces GeneSpring to recreate the
experimental data, which may solve the problem.
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Loading an Experiment

1. Select File > Import Data... ortype Ctrl+0. (On Windows and Unix sys-
tems, you can also drag and drop files into the main GeneSpring window directly from
your desktop. This method is not supported for Macintosh.)

2. Choose the data file or folder to load. All files in a folder must have exactly the same
format.

The Define File Format window appears.

= Import Data: Define File Format and Genome

File Format

Choose File Format: -

Genome

Selectthe genome (set of genes an the array) for this
data. Ifyour gename does not appear an the list, you can
create a new one by selecting Create a New Gename.

+ Select Genome

EHZ Genomes ar Arrays
f—]—@ Academic Chips
— Human Oncogenes

—i Yeast

EHZ Commercial Chips

%, Mergen Human01

2, Mergen Humaniz2

%, Mergen Human03

2, Mergen Humanid j
" Create a New Genome

Next...| Cancel| Help |

Figure 3-1 The Define File Format and Genome window

3. If the file format displayed in the Choose File Format box is correct, go to the
next step. If not, select the correct file format from the pull-down menu.

4. From the Select Genome list, choose the genome in which to save the experiment data.
To save the data in a new genome, select the Create a New Genome radio button
and enter a name in the text box. For more information on creating a genome in this
way, see “Creating a Genome from Experiment Data” on page 2-9.

If your data is in a known format, the Genome Browser window appears. For more
information on the Genome Browser, see “Using the Genome Browser” on page 4-2.

If your data is in a custom format, the Column Editor appears. You must set up col-
umns before continuing. See “Using the Column Editor” on page 3-9 for information
on using the Column Editor.

5. Click Next. The Select Files window appears.
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%, Import Data: Selected Files
Drtives: Files: Selected Files:

|C.\ j Name Dati Name Date Modified
Mergen Ratl1.genomedef 4121 Mergen Ratl1_ORFs.bd 431003 1:27 PM
Directories:

Mergen Ratd1.genomedef backup 421
Mergen Ratd1_annotations.bd 421

Mergen Ratd1_annotations_cache tmp 612 Add ==
Mergen Ratl1_ORFs td 452 e
RO1 Genelistupdated.bd 421

of 00 | L

Previous... | Nex.. | Cancel| Help |

Figure 3-2 The Select Files window

From this screen you can select more files of the same type to add to your experiment.
To select files:

a. Using the Drives and Directories menus, navigate to the folder containing the files
you want to add. When you select a folder, the files it contains are listed in the Files
section of the window.

b. In the Files section, select the file or files to be added. To select multiple files, hold
down the Ctrl key while clicking on the file names. You can use the same method to
unselect one or more selected files.

c. Click add. The selected files are now listed in the Selected Files list. To add all
files in the selected directory at once without selecting them individually, click Add
All.

To remove a file or files from the Selected Files list, select them and click Remove.
To remove all files from the list, click Remove All.

Note: These files must all be in the same format. GeneSpring verifies whether the format
is correct, and if it is not, it does not add the files to your experiment.

d. When you are done adding files, click Next.

If your signal and control files are in separate files, the Select Corresponding Files win-
dow appears. Proceed to Step 6.

If you have selected samples with multiple files (subchips) selected, the Merge Files
window appears. Proceed to step 7.

If not, proceed to Step 8.

6. In the Select Corresponding Files window, you can specify which signal file corre-
sponds to which control file. (This step applies only to Imagene files.)
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" Select Corresponding Files ;Iglll

Select pairs of files which contain carresponding signal and reference values.

Signal: Reference: Signal i Reference:
Cva _FILE.THT JCYE_FILETHT
CY3_FILETHT CY3_FILETHT

Add Bair ==

== Remove Fair
Gluess The Rest

ClearGuess

Previous...l Next...l Cancell Help |

Figure 3-3 The Select Corresponding Values window

To do this:

a
b.

o

f.

Select a filename in the left column.

Select the corresponding filename in the right column.

Click Add Pair. The pair you specified appears in the Signal/Reference list.

To have GeneSpring automatically select the rest of your files, click Guess The
Rest. If GeneSpring guesses incorrectly, click Clear Guesses.

To remove a pair, select it in the Signal/Reference list and click Remove

Pair.

When you are done, click Next and see Step 8.

. If you need multiple chips to cover one sample (such as the Affymetrix Mu_u74 or
Hus5 chip sets), the Merge Files window allows you to define all the files needed for
each sample. This screen does not appear if it is not necessary.

%, Import Data: Merge Files E| E| rz|

If multiple files correspond to a single sample, merge the
files together into one raw. Cirl-click to select multiple
rows, then use the Merge Selected Rows button.

Selected Data Files | Multiple Files per Sample

Sample 1

Sample 2

Rat_ORFs bt

Rat_ORF=.td backup

Guess Merging

_Clearcuess |

Previous...| Next...| Cancel| Help |

Figure 3-4 The Merge Files window

To merge files, select all the files that are on the same sample and click Merge
Selected Rows. Use Ctrl+click to select multiple files in non-adjacent rows. You
can also drag a file from one row and drop it in another to merge those two rows. To
unmerge rows, click Separate Merged Files.
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Click Guess the Rest to have GeneSpring try to match the pattern set by the
names of the files you have already merged. If the guesses are incorrect, click Clear
Guesses.

Click Next when you are done.

8. If you imported genes that are not part of the selected genome, the Extend Genome
screen appears. If all the imported genes are part of the selected genome, this screen
does not appear.

From this screen, you can specify whether or not to add those genes to the genome. To
add the genes, click Yes and they are immediately added. This means that if you can-
cel the data loading process later, the genes are still part of the selected genome.

To skip the listed genes, click No.

9. If you defined recommended or required attributes, the Import Data: Sample
Attributes screen appears. On this screen you must enter required attribute information
before proceeding. You can also add recommended and optional attribute information.

You can also add new attributes at this time. For more information on sample
attributes, see “Sample Attributes” on page 3-35.

% Import Data: Sample Attributes |Z| |E| Pz|

Please select values for sample attributes.

MNew Attribute...
Attribute Name DiseasedMNormal Edit Attribute Value._

Attribute Units

Numeric no
1: Mergen Rat01_ORFs.txt -
Replace Text...

__ enoown |
_Fi Sequence Down |

Sort

Previous...| Next...| Cancel| Help |

Figure 3-5 The Sample Attributes window
For attributes with standard values, a pull-down menu appears. Choose Other to turn
the cell into a text field you can type in.
Click Next when you are done.

10. At this point, your new samples have been saved. You can either create an experiment
using the new samples, or stop here.
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% Import Data: Create Experiment

1 new samples have been created. Would you
also like to create an experiment from these

_Ne_|

Figure 3-6 The Create Experiment dialog

samples?

To stop here, click No. The imported data are saved, but a new experiment file is not
created. The data are saved as samples. The Sample Inspector displays each of the new
samples. You can create experiments from these data later by selecting Experi-
ments > Create New Experiment.

To create a new experiment, click Yes. You are prompted to enter a name and save the
experiment.

%, Choose Experiment Name

Mame |Really Huge Rat

Folder |
They're huge! Really, really huge!

Motes

013

Mormalized Intensity {log scale)

0.01——

Save Cancel

Figure 3-7 The Choose Experiment Name window

11.In the Choose Experiment Name window, do the following:
* Enter a name for the experiment in the Name field. Be sure to choose a descriptive
name that you will remember later.

+ To save the experiment in an existing folder, navigate to that folder in the directory
browser in the lower left portion of the screen, and leave the Folder field blank.
To save in a new subfolder, navigate to the desired parent folder and enter a name
for the new folder in the Folder field.

+ If desired, enter notes containing more descriptive information about the experi-
ment.

When you are done, click Save. The New Experiment Checklist appears.
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12. At this point, you can examine and change your normalizations, interpretations, and

New Experiment Checklist

ou are almast finished creating your experiment. Befare you begin analysis, you
should et up its narmalizations, experimental parameters, and error model, and
choose your default experiment interpretation. You may reach these windows using
the huttans below. Alternatively, you may find them in the Experiments menu.

Mew Experiment Checklist

O  Define Normalizations Mormalizations...

O  Define Parameters

O Define the Default Interpretation Experiment Interpretation...

FParameters... |

O  Define the Error Model Error Model...

Close
Figure 3-8 The New Experiment Checklist

parameters.

If you prefer to make these changes later, click Close. You can load the experiment
another time and select Experiment Normalizations, Change Experi-
ment Parameters, or Change Experiment Interpretation from the

To define or edit normalizations, click Normalizations. .. For information on
defining normalizations, see “Default Normalizations” on page 3-21.

To define or edit parameters, click Parameters. . . For information on defining

parameters, see “Experiment Parameters” on page 3-29.

To define or edit default interpretations, click Experiment Interpreta-
tion. .. For information on defining default interpretations, see “Experiment

Interpretations” on page 3-39.

Experiments menu in the main GeneSpring window.
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Using the Column Editor

If GeneSpring does not recognize your file format,

use the Column Editor to assign head-

ings and functions to each column in your data file.

% Import Data: Column Editor

Previous.. | | cancel

Step 1: Assign functions to columns in your data file. You must assign a "Gene Identifier” column and at least one "Signal® column.

Step 2: If your data file has a row of column titles directly above the expression data, select this row using the controls in the "Column Titles™ panel

Step 3. If your file has a "Flags™ column, enter the values that will appear in that column into the “Flag Values™ panel below.

Step 4: If you might be loading files of this format in the future, click "Remember this Format™. This option is not available for formats with multiple signal columns.

Lme 3 (ignored) # ORFs and non-{elE Qe ergen Ratdl. This file containg
Line 4 (ignored) # annotations for gg:;;demﬁe' etm elements listed in the files
Line & (ignored) # specified by the | signal Backgn [ 5 entries in your .genomedef file.
Line 6 (Column Titles) |Systematic MamegSignal Precisic— |Description Product Phenotype Function Keywords PubMedID
Line 7 (data) 17254 Ctrl Chnl imimediate early o NGFI-B irmmediate eary o
Line 8 (data) Ma5s250 + |inhibitary glycine rinhibitory glycine r inhibitary glycine r
Line 9 {data) 19866 activity regulated ¢ growth factar
Line 10 (data} un474n Sprague-Dawley | platelet-activating I
Line 11 {data) U28673 H-rrethyl-D-aspan MMDAR-L
e Hisnnes oo PR ot i ;lﬂ
Function Guegsin AEE YEED
y Callmm il PresentFlag Clear All Settings
Has Column Titles
AbsentFlag
Line Containing ColG :I
Marginal Flag Advanced Options

| He|;}\

Function pull-down menu

Flag Translation Table

Figure 3-9 The Column Editor

When you first load a file, GeneSpring analyzes it to determine which row contains the
column titles. If the row chosen is incorrect, use the Line Containing Column

Titles field to adjust the number of rows.

If there are no column titles in your data file, uncheck the box marked Has column

titles.

To set up columns:

1. Assign functions to each data column. Choose a function from the pull-down menu in

each column. (See Figure 3-9 for an example.)

You must designate at least one Gene Name column and one Signal (raw data) column

before the Load Now button becomes active.
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The available column assignments are listed below:

Name

Required?

# Allowed

Description

Unused

Optional

Any

These columns are not visible within Gene-
Spring, but can be used to filter data via the
Filter Genes window. See “Filter on Data
File” on page 6-61 for details.

Gene |dentifier

Required

One

Gene identifiers must be unique to the
genes in this genome. Duplicate genes are
treated as replicates. It is recommended
that the Gene Identifier in the raw data files
be the gene’s Systematic Name.

Signal

Required

One or
more

You must have at least one Signal column.

Signal Background

Optional

Any

You can have as many Signal Background
columns as you have Signal columns. If you
are using Signal Background, you must
have a Signal Background for each Signal
column.

Signal Precision

Optional

Any

Used only when the scanner software used
for your experiment produces an estimate
of the precision of the value in the signal
column. This information is merged with
other information as part of the GeneSpring
Cross-gene Error Model. These numbers
are the standard deviation of the measured
signal around the true expression level (sig-
nal) for that sample as expressed by the
scanner software.

See “Cross-gene Error Models” on page 3-
44 for details.

Control Channel

Optional

Any

If you have control channels (i.e., a two-
color experiment), you must have the same
number of control channel columns as sig-
nal columns.

Control Channel
Background

Optional

Any

If you are using control channel back-
grounds, the number of columns must be
the same as the number of Control Channel
columns.

Description

Optional

One

A description of the gene, if known. This
information is included in the new master
table of genes, and is accessible with the
Find Gene command and the Gene Inspec-
tor.

This field applies only to new genomes cre-
ated through the Column Editor.
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Name Required? | # Allowed | Description

GenBankID Optional One The GenBank identifier for the gene, if
known. If the GenBank identifiers for your
genes are not used as their systematic or
common names, including the GenBank
accession number in this field allows you to
update information about the gene directly
from GenBank. See “Updating Annotations
with GeneSpider” on page 6-27 for more
information.

This field is included in the new master
table of genes, and applies only to new
genomes created through the column edi-
tor.

Common Name Optional One Adds a common name column to a genome
if it is being newly created.

Flags Optional Any Specifies the letter or number indicating
Present, Absent, and Marginal calls. You
can have as many Flag columns as you
have Signal columns.

Region Optional One If your experiment uses multiple arrays or
sections of arrays that must be normalized
separately, this column tells GeneSpring the
region of the array and/or which array a par-
ticular gene reading came from.

2. Click Guess the Rest. GeneSpring attempts to label the remaining columns. If the
labels are incorrect, click Clear Guess to remove the column labels and select them
yourself.

3. Click Advanced Options if any of the following are true:

+ The gene identifiers in your experiment files have a prefix or suffix that must be
stripped.

* Your signal and control values are in separate files.
* You want to apply a default normalization scheme to your experiment files.

From this screen, you can select the appropriate options.
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% Advanced Options

Gene [dentifier Prefix and Suffix Remaoval

Ifthe Gene Identifier appearing in the data file is not identical to the Systematic Name calumn
ofthe Master Tahle of genes, GeneSpring can remave a prefix or suffix fram it

@+ There is no prefix to remove

" There is a fixed prefix to be removed:

" There is a prefix that ends in specific characters:

" There is a fixed suffix to be removed:

* There is no suffix to remove.

" There is a suffix that begins with specific characters:

Two-Color Data Files

[” The signal and control columns for each chip are in different data files.

Default Mormalizations

Choose a normalization scenario to automatically apply to this file format: |—Se|e|:1 a Mormalization Scenario— j

QK | Cancel| Help |

Figure 3-10 Advanced Column Editor Options

a. To strip a gene identifier prefix or suffix—in the Gene Identifier Prefix and Suf-
fix Removal section, select the appropriate radio button and enter the characters to
be stripped in the text box next to your choice.

b. To specify that your signal and control values are in separate files—check the
box in the Two-Color Data Files section.

c. To apply a default normalization scenario to your experiment files—select the
appropriate scenario from the pull-down menu in the Default Normalizations sec-
tion. For more information on the available default normalizations, see “Default
Normalizations” on page 3-21.

4. To save this file format setup for future use, click Remember This Format. The
format is added to the cache of recognized formats so that GeneSpring recognizes it.

When prompted, enter a name for the new format.

Default Column Assignments of Known Products

GeneSpring recognizes column titles of various commercially available products and
place them as described in the following lists.

Affymetrix
Pivot Table:

*  Column 1—interpreted as Gene Name

» Average Difference or Signal—interpreted as Signal
* Detection or Abs Call—interpreted as Flags
Metrixs:

* Gene Name or Probe Set or Probe Set Name—interpreted as Gene Name
+ Signal or Average Difference—interpreted as Signal
* Detection or Abs Call—interpreted as Flags
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P, M, A—interpreted as Flag Designators
Region—interpreted as Experiment Name

d-Chip

Probe Set—interpreted as Gene Name

Column to left of column that ends in “call”—interpreted as Signal
Description—interpreted as Description

Accession—interpreted as GenBank ID

Column to the right of “call” that is to the right of a Signal column—interpreted as
Flags

P, M, A—interpreted as Flag Designators

Agilent

ProbeName—interpreted as Gene Name
rBGSubSignal—interpreted as Signal
gBGSubSignal—interpreted as Control

Description or GeneName—interpreted as Description
GenBank—interpreted as GenBank ID

Amersham

GenelD—interpreted as Gene Name

Signal Mean—interpreted as Signal

Background Mean—interpreted as Signal Background
Flag—interpreted as Flags

0=P, 2=A, 3=M—interpreted as Flag Designators

Axon

GenePix Pro 2 & 3:

Note: The Ratio Formulation entry is used to determine which channel is Signal and

which is Control.

ID—interpreted as Gene Name

F635 Median or F532 Median—interpreted as Signal

B635 Median or B532 Median—interpreted as Signal Background

F635 Median or F532 Median—interpreted as Control Channel

B635 Median or B532 Median—interpreted as Control Channel Background
Name—interpreted as Description

Flags—interpreted as Flags

BioDiscovery

Imagene 4:

Gene ID—interpreted as Gene Name
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Signal Median—interpreted as Signal

Background Median—interpreted as Signal Background

Signal Median—interpreted as Control Channel

Background Median—interpreted as Control Channel Background
Flag—interpreted as Flags

Incyte

GEMTools 2.4:

CloneID—interpreted as Gene Name

P2 BalancedSignal or P2 Balanced—interpreted as Signal
P1Signal or P1—interpreted as Control Channel

Gene Name—interpreted as Description

AccessionNum or Accession—interpreted as GenBankID

Internet Download:

CloneID—interpreted as Gene Name

Varies (format of PS# Cy5, determined in header)—interpreted as Signal

Varies (format of PS# Cy3, determined in header)—interpreted as Control Channel
Gene name—interpreted as Description

PS# Absent/Present (where # is the sample name)—interpreted as Flags

P, A—interpreted as Flag Designators

GEM ID—interpreted as Custom1

Gene ID—interpreted as Custom?2

Packard Biochip ScanArray/QuantArray

Note: Checks file header to determine which channel is Signal and which is Control

Name—interpreted as Gene Name

chl Intensity or ch2 Intensity—interpreted as Signal

chl Background or ch2 Background—interpreted as Signal Background

chl Intensity or ch2 Intensity—interpreted as Control Channel

chl Background or ch2 Background—interpreted as Control Channel Background

Clontech Atlas Image 2-Color

Gene Code—interpreted as Gene Name
Intensity_2—interpreted as Signal
Background_2—interpreted as Signal Background
Intensity_1—interpreted as Control Channel
Background_1—interpreted as Control Channel Background
Protein/gene—interpreted as Description

Column 11—interpreted as GenBankID
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Clontech Atlas Image 1-Color

* Gene Code—interpreted as Gene Name

* Intensity 2—interpreted as Signal

* Background_2—interpreted as Signal Background
* Protein/gene—interpreted as Description

* Column 11—interpreted as GenBankID
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Creating New Experiments

You can create a new experiment using existing data from either your local system, from a
GeNet server, or both. GeneSpring provides a variety of filters to make it easy to select the
appropriate samples for your experiment.

The following sections describe the basic process of creating a new experiment, followed
by more detailed information on each screen.

To create a new experiment:

1. From the main GeneSpring window, select Experiments > Create New
Experiment. The Select Samples screen appears. For a detailed description of this
screen, see “The Sample Manager” on page 3-23.

2. Select the samples to include in your experiment. To add a sample, select it in the Filter
Results List and click Add. The sample appears in the Samples for New Experiment
list.

To select multiple samples, hold down the Ctrl key while clicking the desired samples.
To add all the samples in the list to your experiment, click Add All.

To view detailed information on a sample, click Inspect to invoke the Sample
Inspector. For more information on the Sample Inspector, see “The Sample Inspector”
on page 4-13.

3. Ifyou need to edit parameters or normalizations for this experiment, click Next. For
detailed information on the Edit Parameters screen, see “Experiment Parameters” on
page 3-29. For detailed information on normalizations, see , “Normalizing Data”. Once
you are finished with parameters and normalizations, click Finish. The Choose
Experiment Name screen appears.

To accept the default parameters and normalizations, click Finish. The Choose
Experiment Name screen appears.

4. In the Choose Experiment Name window, do the following:
* Enter a name for the experiment in the Name field. Be sure to choose a descriptive
name that you will remember later.

+ To save the experiment in an existing folder, navigate to that folder in the directory
browser in the lower left portion of the screen, and leave the Folder field blank.
To save in a new subfolder, navigate to the desired parent folder and enter a name
for the new folder in the Folder field.

+ If desired, enter notes containing more descriptive information about the experi-
ment.

When you are done, click Save. Your new experiment has been created.
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Copying and Pasting Experiments

The seven parameters
for this experiment

First gene
in list

You can use the copy (Ctrl+C) and paste (Ctrl+V) functions to insert a new experiment or
lists from the clipboard into GeneSpring.

Preparing to Paste

You should have normalized data in an Excel file or saved as tab-delineated text. (Figure
3-12). You must have all of the following three parts to your data. Your data must be in the
following format to correctly paste into GeneSpring:

Name
Parameters
Data

Parameter values
for third sample

F4 Microsoft Excel - Diseased Data.xls

J@ File Edit “jew Insert Format Tools Data Window Help

A E | ¢ N D | E |

Multiple Disease Example 1
sick OF o y y y
Dizease (OF nao hepatitis | hepatitis  fyphilis  oste
[nfectious Dizsease ¥ n ¥ ¥ n
Hepatitis 0% n ¥ ¥ n
Type Hepatitis (1% n a h n
Cancer (¥ h h h h

B\ Type Cancer (¥ n n n n

8 |Time (minutes) 0 10 30

10 [¥ALODTC 0941667 0575 0.95 0828 1.1

11 [ ALDD2WY 1.738318 0971953 0570093 0E35514 1.00

12 | ALDD3YY 0710966 063773 0.964863 0.679229 1.0

Figure 3-11 Example of parameter arrangements and values
Name

The first line must be the unique name of the experiment.

Parameters

The second line must be the first parameter. You can have an unlimited number of param-
eters.

The first column must contain the parameter name.
Subsequent columns contain values for the parameter in that sample.

Each parameter must have units in parentheses in the same column as the name. For
example, the parameter “time” should be immediately followed by (minutes). If your
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parameters have no units you must follow the name with an empty set of parentheses,
or GeneSpring does not recognize it as a parameter.

By default, GeneSpring assumes that the parametric values to follow are numeric and
to be displayed in numeric order. If the parametric values for a parameter are non-
numeric, enter an asterisk immediately after the unit-indicating parentheses (empty if
no units). There must be a space between the right parenthesis and the asterisk. This
tells GeneSpring to expect non-numeric parametric values and treat the data appropri-
ately.

The default setting for interpretation of parameters is as a continuous element. See
“Continuous Element” on page 3-31 for details. To have the parameters treated differ-
ently, enter the following codes just after the parentheses:

* S — means the data is interpreted as a non-continuous element, also known as a dis-
crete element. See “Non-Continuous Element” on page 3-31 for details.

* (C — data is colored by the different parametric values assigned automatically by
GeneSpring. In Figure 3-12 each column would get a different color as time values
0-160. See “Color Code” on page 3-31 for details.

+ R — data is interpreted as a replicate (not shown). See “Hidden Elements” on
page 3-31 for details.

You can enter all parameters with the default (with no code after the parentheses) and
change the interpretation later from within GeneSpring. See “Experiment Interpreta-
tions” on page 3-39.

For example, for the parameter tissue type, a non-continuous non-numeric
parameter, the first column might look like this:

tissue type() *S.

If you have no parameters, enter arbitrary (but meaningful) names so that you can dis-
tinguish each sample from those in other columns.

Data
* There can be only one gene per line.
* The name of the gene must be in the first column.

* The following columns are data points for each sample.
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Experiment Parameter Values
Name First Parameter

Name with units

Normalized Data

faltiple-Disgese - Example -+ -+ -+ -+ -+
—+ —+ —+ —+ —+ —+ —+ —+
—+ —+ —+ —+ —+

Sick no —+ v o+ Y+ v o+ ¥ -+ v O/ v =+ ¥ O+ ¥ O+ T -+
—+ v O+ ¥ O+ ¥ O+ ¥ O+ ¥ O+ T —* v O+ ¥ O+ ¥+ 7 ¥
—+ v o+ v =+ v =+ v -+ v

Dizsease- () *+no —+ hepatitis —+ hepatitis —+ syphlli —+ Osteoporosis
—+ arthritis + cancer- -+ Ccancer- -+ Ccanc -+ Ccancer- —+ arthritis
—+ arthritis -+ arthritis —+ arthritis -+ hepay/\tis + hepatitis -+ hepatitis
—+ hepatitis -+ hepatitis =+ hepatitis —+ hepgAtitis -+ hepatitis -+ osteoporos
—+ osteoporosis -+ osteoporosis -+ osSfeoporosis -+ syphilis —+ =vyph
—+ syphiliz —+ syphili=ql

Infectious-Disease-()¥—+n —+ v -+ + n —+ n —+ n —+ n —+ n -+
—+ n + n —+ n —+ n —+* Yy —* L B T I e A TR
—+ n + n —+ n —+* v —+* v —*

Hepaticiz-()* -+ n =+ v —+* 7 -—* + n —+ n —+ n —+ n —+ n -+
—+ n + n —+ n —+* v —+* v —* -+ v O+ Vv O+ ¥ +* ¥ —* N ¥
—+ n -+ n —+ n —+ n —+ n —*

Type-Hepatitis-()¥ —+ n -+ a - + n —+ n —+ n —+ n —+ n -+
—+ n -+ n —+ n -+ n -+ b b =+ h =+ a —+ a —+ a -+ & -+
-+ n -+ n —+ n —+ n —+ n nql

Cancer-()*—+n —+ n —+ 1n —+ n n + v -+ ¥ —+ ¥ —+ ¥ —+ ¥ -+
-+ LA B S A A - LA RS B A I S
-+ LA B S A A

Type-Cancer- () + n —+ n n =+ n n -+ n -+ hbraintbreast —+ Kidn

—
—+ liver+hrain+hreast kidney — liver+hrain+bhreast -+ kidnevy
—

—+ liver+hrain+hreast liver+hrain+bhreast -+ kidnevy
—+ liver+hrain+bhreast/ —+ kidney — liwverql

TALOOL1C —+ O.941666722A0.575000048+0.350000045+0.925000072+1. 166666746
- 0.300000072+0. 7@$53353385+40.95833353373+1.04166674/+1.250000119+1. 4583335337
- 1.983333468+1.0216666953+0.95000004383+1. 216666698+ 1 . 200000045+2 . 36394453
- 3.24475717542 . 930039588342 . 2763943 67+1 . 7479730584+ 1 . 425412 655+1. 09043073

Figure 3-12 Example of a correctly formatted tab-delineated file

Common Mistakes in Pasting

» forgetting the title

* not using parentheses

* not having parameters

* using non-normalized data (data can be normalized within GeneSpring)

* having extraneous columns

+ forgetting to indicate parameters having non-numeric parametric values with an aster-
isk (*)

» using more than one type of decimal marker, or the wrong type for your computer’s
settings.

Working With Experiments 3-19



Copying and Pasting Experiments

Pasting an Experiment into GeneSpring

1.

If you have not done so already, give your experiment a unique name. If the name is
already in use, GeneSpring appends a number to distinguish it from other experiments
of the same name.

Select all or part of a properly formatted Excel or tab-delineated file and click Copy or
press Ctrl-C.

Note: Some computers have a limit on the amount of data you can place on the clipboard.

If you are consistently crashing at the point, you may need a JVM update.

. In the main GeneSpring window, select EAit > Paste > Paste Experiment.

GeneSpring automatically updates the window, regardless of the current display set-
tings. Larger files may take longer to paste, depending on your system.

When the paste is complete, a new Choose Experiment Name box appears with the cur-
rent name of the experiment already in the Name text box.

When you return to the main window, your new experiment is displayed automatically.
From here, you can alter the normalizations with Experiment > Experiment
Normalizations command or the interpretation with the Experiment > Exper-
iment Interpretation command.

Copying an Experiment or a List Out of GeneSpring

When you copy an experiment, only data for the currently selected gene list is copied. To
copy data for all the genes in the current experiment, right-click over the “All genes” list
and select Display List before you begin to copy.

When you paste, the gene list is sorted into the order presented in the Ordered List view.

1.
2.

Choose an experiment or a gene list from the navigator.

In the main GeneSpring window, select Edit > Copy > Copy Experiment.
Your data is saved to the clipboard.

. Paste your experiment or gene list into Microsoft Excel or a text editor such as

Microsoft Notepad or Microsoft Word.
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Default Normalizations

Genespring normalizes your new files based on the technology used to create the original
data files. For more information on normalizations, see , “Normalizing Data”.

One-Color Experiments

GeneSpring counts only samples of the same data type which have both the data transform
and the normalize to median steps applied. One-Color normalizations automatically dis-
play all measurements:

* Data transformation—Set measurements less than 0.01 to 0.01

* Per Chip—Normalize to 50th percentile.

¢ Options—Use all flags, never apply background correction

* Per Gene—Normalize to median, cutoff=10 in raw data (if 3+ samples)

Two-Color Experiments

Two-color experiments are automatically normalized to a signal ratio. Two-color normal-
izations automatically display all measurements:

* Per Spot—Intensity dependent (Lowess) if more than 100 genes per region, divide by
control channel if fewer than 100 genes per region. Cutoff = 10 in raw data, 20% of
data used for smoothing

* Per Chip—Intensity dependent (Lowess) if more than 1000 genes per chip, divide by
control channel if fewer than 1000 genes per chip

* Options—Use background correction if necessary, anything but absent. Cutoff =10 in
raw data

Pre-Normalized Data

This applies only to samples uploaded to GeNet before version 3.0, created from experi-
ments using the Merge/Split functionality in an earlier version of GeneSpring, or samples
imported using the Paste Experiment function.

¢ Start with pre-normalized data
* Per spot—Reserve control channel

Replicates

If you have multiple measurements for the same gene in the same sample, GeneSpring
takes the average of the measurements. In addition, GeneSpring saves the minimum and
maximum values and display them in the Gene Inspector. See“Dealing with Repeated
Measurements” on page 5-18 for a mathematical explanation of this process.

Remembered Formats

While you cannot edit remembered formats, you can share them. (If you must change a
remembered format, you must build a new one.) To share remembered format files, use
your favorite browser or file management program to copy the file from:
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YourLocalDrive:\Program Files\SiliconGenetics\
GeneSpring\data\Experiment Formats\name.expformat

The above path must be typed all on one line. You can then paste the file into a shared
drive.
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The Sample Manager

The Sample Manager is an important part of the experiment creation process, but it can
also be used on its own. From the main GeneSpring window, select Experiments >
Sample Manager....

# Sam ple Manager

Filter on Experiment | Filter an Keyward Filter Results (18 Samplesy

Creation Date Upload Date Research Group I =
Filter on Attributes

Filter on Paramster Show All

yeasttimeseries.t Type-vour-Mame- Jun 13, 2001 10:2 Silicon Genetics
yveastiimeseriest Type-vYour-MName-Jun 18, 2001 10:2 Silicon Genetics
yeastlimeseriest Type-Your-Mame- Jun 19, 2001 10:2 Silicon Genetics

Filtering Method

Tabs yeasttimeseries.t Type-Your-Mame- Jun 19, 2001 10:2 Silicon Genetics
yveastiimeseriest Type-vYour-MName-Jun 18, 2001 10:2 Silicon Genetics
yeastlimeseriest Type-Your-Mame- Jun 19, 2001 10:2 Silicon Genetics j
All Samples are displayed TR R | Remove All | | Configure Columns |

Selected Samples (2 Samples)

Author |creation pate  |uploadpate  [Research Group |
yeasttimeseries.t Type-Your-Mame- Jun 19, 2001 10:2 Silicon Genetics
yveastiimeseriest Type-vYour-MName-Jun 18, 2001 10:2 Silicon Genetics

Filter Results list

Publish to GeNet.. | \ Deleter\a\eate Experiment... | Edit Afiributes..
Usesamples stored  [Localy |
Close Help
Display samples from the Samples to include in
local machine, GeNet, or both the new experiment

Figure 3-13 The Create New Experiment window

From this screen you can select samples to add to your experiment, or choose a filtering
method to narrow the samples.

The left side of the screen contains a tab for each filtering method. The available methods
are:

* Show All—Display all available samples without applying a filter

* Filter on Experiment—Display samples associated with a particular experiment

 Filter on Attributes—Display samples based on selected attributes

» Filter on Keyword—Display samples containing a keyword

* Filter on Parameter—Display samples based on the parameter values of experiments
containing them

Click on the appropriate tab to view the options for that filtering method. For detailed
information on these filters, see “Filtering Methods” on page 3-25.

The right portion of the screen contains two sample lists. The upper list contains all of the
samples resulting from the current filtering method. The lower list contains the samples
you have selected.
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Filter Resultz (16 Samples)

Author Creation Date Upload Date Research Group | ~
W yeasttimeseriest Type-Your-Mame- Jun 149, 2001 10:2 Silicon Genetics
yeasttimeseriest Type-vYour-MName-Jun 19, 2001 10:2 Silicon Genetics
yeasttimeseriest Type-vYour-MName-Jun 19, 2001 10:2 Silicon Genetics
yeasttimeseriest Type-vYour-MName-Jun 19, 2001 10:2 Silicon Genetics
yeasttimeseriest Type-vYour-MName-Jun 19, 2001 10:2 Silicon Genetics

yeasttimeseriest Type-vYour-MName-Jun 19, 2001 10:2 Silicon Genetics ﬂ

"""" Add Al | | RemoveAII| | Configure Columns...|

Selected Samples {2 Samples)

Author |Creatiun Date |Upluad Date |Research Gruupl
yeasttimeseriest Type-vYour-MName-Jun 19, 2001 10:2 Silicon Genetics
yeasttimeseriest Type-vYour-MName-Jun 19, 2001 10:2 Silicon Genetics

Publish to GeNet...| | Delete...| Create Experiment...| Edit Atiibutes...

Figure 3-14 Sample Lists

Below the Filter Results list are six buttons:

*  Add—Add a selected sample in the Filter Results list to the Selected Samples list.
* Add All—Add all samples in the Filter Results list to the Selected Samples list.

+ Remove—Remove a selected sample from the Selected Samples list.

* Remove All—Remove all samples from the Selected Samples list.

+ Inspect—View the selected sample in the Sample Inspector. For more information on
the Sample Inspector, see “The Sample Inspector” on page 4-13.

* Configure Columns—Select which columns to display in the sample lists. The avail-
able choices are:
+ Sample Name
+ Identifier
* Authors
* Creation Date
* Upload Date
* Research Group
* Organization
* Application
* Sample Attributes
* Experiment Parameters
Below the Selected Samples list are five buttons:

* Publish to GeNet...—Publish all samples in the Selected Samples list to GeNet.

* Copy from GeNet..—Make a local copy of all GeNet samples in the Selected Sam-
ples list.

* Delete...—Delete the samples in the Selected Samples list.
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* Create Experiment...—Create a new experiment from the samples in the Selected
Samples list.

+ Edit Attributes...—Edit the attributes of the highlighted samples in the Selected Sam-
ples list.

Filtering Methods

Filter on Experiment

This method allows you to filter based on samples associated with a selected experiment.

Sample Manager
Filter an Attributes Filter Results (16 Samples)
Author Creation Date Research Group |1 -
Filter on Parameter | Show Al - - - —
yeastiimeseriestltizy 1034 Type-Your-Kame- . Jun 19, 2001 10:2 Silicon Genetics
IFIiE2P O (EFPTEG | Filter on keyword veasttimeseriestltizy1033 Type-Your-Mame-/Jun 19, 2001 10:2 Silicon Genetics |1
Select an Experiment of Interest yeastlimeseties.t ltizy 1032 Type-Your-Mame- Jun 18, 2001 10:2 Silicon Genetics |+
EHI Experiments yeasttimeseries.t ltizy 1031 Type-Your-Mame-Jun 18, 2001 10:2 Silicon Genstics |+
é‘_ yeastlimeseriesttizy1030 Type-Your-hame- Jun 19, 2001 10:2 Silicon Genetics |1
- ekl yeasttimeseries.t ltizy1029 Type-Your-Mame-.Jun 19, 2001 10:2 Silicon Genetics |
Wi All Samples yeastlimeseries.t Itizy1028 Type-Your-Name-.Jun 19, 2001 10:3 Silicon Genetics |*_
| Add All | | | | {Configure Columns |

Selected Samples (0 Samples)
D | nuthor |creation Date  |Research Group [tim

| [ |
Use samples stored  |Locally hd

Close Help
Figure 3-15 The Filter on Experiment tab

To filter by experiment, use the GeneSpring navigator to locate the desired experiment and
select it in the list. All samples associated with that experiment appear in the Filter Results
list.

Filter on Parameter

This method filters samples based on a parameter and value range. Parameters are associ-
ated with experiments, not individual samples. The samples listed are those contained in
any experiment matching the selected parameter and value(s).
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=3

%, Sample Manager

Filter on Experiment | Filter an Keyward Filter Results (3 Samples)
Author Creation Date Research Group Itim
Filter on Attributes - - - -
— = : veastiimeseriestltizy 1028 Type-Your-Mame- Jun 19, 2001 10:2 Silicon Genetics 10
Meron Farameter | w7yl yeastlimeseriesttizy1037 Type-Your-Hame-/Jun 19, 2001 10:2 Silicon Genetics 0
Selecta Sample Parameter of Interest yeastlimeseties.t ltizy 1 036 Type-Your-Mame- Jun 19, 2001 10:2 Silicon Genetics | 10(
. I |
Select Parameter Values | Add All | | | | Configure Columns... |
-~
7 Selected Samples (0 Samples)
0 D |nu'lhor ICreation Date |Resean:h Group Itim
120 |
130
140
150 v
SelectAll | Clear All 1 | I
Use samples stored ‘Local\y j
Close Help

Figure 3-16 The Filter on Parameter tab

To select a parameter, click its name in the Select a Sample Parameter of Interest list.

To select parameter values, click the desired values in the Select Parameter Values list. To
select all values in the list, click Select Al1l. To clear your selections click Clear
All.

The Filter Results list is updated dynamically as you make your selections.

Filter on Attributes

Sample Manager

Flilter on Expetiment | Filter on Keyword Filter Rezults (4 Samples)
: Author Creation Date  |Research Group |
Filter an Parameter | Shawe All
Filt Attribut
freron Alruies yeastlimeseries. ltzy1 027 Type-Yaur-Name- Jun 19, 2001 10:2 Silican Genatics
Selecta Sample Aftribute of Intere st yeastlimeseriesttizy1037 Type-Your-kame- Jun 19, 2001 10:2 Silicon Genetics
yeasttimeseries.t itizy 1036 Type-Your-Marme- Jun 19, 2001 10:2 Silicon Genetics
Select Altribute Yalues | A’&iﬁ'ﬁi"""?l | Remove All | | Configure Columns... |
0 {(minutes)
10 (minutes) Selected Sarnples {1 Samples)
j‘sg (minutes) D> |nu1hur ICreatiun Date |Rasearch Group I
minutes
120 minules yeastiimeseriestltizy 1028 Type-Your-Klame- Jun 19, 2001 10:2 Silicon Genetics
130 {minutes)
140 (minutes)
150 {minutes)
Publish to GeNet.. | | Delete...| Create Experiment...| EditAttibutes...
Use samples stored ‘Lucal\y j
Close Help

Figure 3-17 The Filter on Attributes tab
This method allows you to filter samples based on their attributes. Attributes are very sim-

ilar to parameters, but are associated with individual samples rather than entire experi-
ments. Attributes can also be paragraphs long, since they do not appear as labels on a
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graph. They contain sample-specific information that would not be used as a basis for
analysis. For example, the following might be attributes of a sample:

» Patient Biography

» Lab Technician

* Date

* Ambient Temperature

Attributes may also contain the same information as parameters, and can be imported as
parameters when creating an experiment.

To select an attribute, click its name in the Select a Sample Attribute of Interest list.

To select attribute values, click the desired values in the Select Attribute Values list. To
select all values in the list, click Select Al1l. To clear your selections click Clear
All.

The Filter Results list is updated dynamically as you make your selections.

Filter on Keyword

This method allows you to filter based on whether a particular keyword appears in any of
the specified fields. This is useful in cases where a given string (such as “cancer”) is some-
times the parameter, sometimes the parameter value, and sometimes is part of the experi-
ment name.

Sample Manager

Filter on Attributes Filter Results (4 Samples)
) Author Creation Date  |Research Group |tim
Filter on Parameter Showe All
Filt i d
Filter on Experiment fleron eswor yeastlimeseiest ltzy1037 Type-Your-Name- Jun 19, 2001 10:2 Silican Genetics | 111
Sea‘rch [Fal? yeastiimeseriestltizy 1036 Type-Your-Kame-/Jun 19, 2001 10:2 Silicon Genetics 100
0 yveasttimeseries tltizy 1035 Type-Your-Kame-/Jun 19, 2001 10:2 Silicon Genetics |80
Search In
v Sample Name
¥ Motes ‘
1 »
v Sample Attributes J
|¥ Experiment Parameters
2 | Add All | | Remove All | | Configure Columns... |
[v Parameter Values
Selected Samples {1 Samples)
Optianz ] |nulhor Icreation Date |Research Group Itim
[ Case Sensitive " - = p— "
yeasttimeseries.t ltizy1028 Type-Your-Mame-Jun 19, 2001 10:2 Silicon Genetics 10
[~ Whole Words Only
¥ Use ™ as a Wildcard
. [ |
Reset | : . . "
_Reset | {Seaich) Publish to Geet... | Detete...| create Experiment...| EditAtributes... |
Use samples stored Locally hd
Close Help

Figure 3-18 The Filter by Keyword tab

To filter by keyword:

1. Enter the desired keyword in the Search For box. This keyword can be a word or a
number. It can also contain an asterisk (*) as a wildcard character.

2. Select the fields to search. To select a file, check the box next to the desired field in the
Search In panel. To unselect it, click in the box to remove the check. You can select
as many or as few fields as you like. The available choices are:
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Sample Name

Notes

Sample Attributes
Experiment Parameters
Parameter Values

. In the Options panel, select any additional search features. You can choose from the
following:

Case Sensitive—search only for words using the specific capitalization you
entered.

Whole Words Only—search only for whole words matching your keyword. For
example, if you search for the string “statistic”, the search results will contain sam-
ples that contain the word “statistic” in the specified fields, but ignore those con-
taining “statistic” as part of a larger word, such as “statistician”.

Use * as a Wildcard—search for samples containing the specified keyword
plus any other characters. For example, you might want to look for samples that are
named using a prefix with sequential numbers appended to the end. To do this, you
would enter the prefix followed by an asterisk, e.g., “ex*”.

. Click search. Any samples matching your search term appear in the Filter Results
list.
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Experiment Parameters

Parameters are the variables you use to describe your experiment.

Experiment parameters

These are variables that can incorporate many sample values. Generally speaking, when
the term parameter is used, it means an experimental parameter. As an example, experi-

ment parameters could be:
* Drug Concentration
 Strain of Yeast

* Infection

* Replicate Number

Parameter Values

The values of the parameters in the previous list could be:

* Drug Concentration in ppm, 0, 10, 20, 30, 40

 Strain of Yeast, A or B
 Infection, Healthy or Infected
* Replicate Number, 1 or 2

Parameters Displayed in the Navigator

=3 Experiments

*-m
= -
1

Experiment

Default Interpretatior
—C:)‘:: stane Embryonic

Interpretation

4 Condition (may be a )
sample, or may contain
several replicates)

(e stage Postnata
—C:)‘:: stane Adult
E}‘ﬁ”: &l Samples

—C:)‘:: stane Embryonic , day 11

—C:)‘:: stage Embryonic , day 13

—C:)‘:: stage Embryonic , day 15

—C:)‘:: stage Embryonic , day 18

—C:)‘:: stane Embryonic |, day 21

e stage Posthatal , day U/Sample
(e stage Postnatal | day 7

-8
ot [ R LT e | P

Figure 3-19 Data objects in the navigator

-

* Sample—The data generated from a biological object placed onto an array or set of
arrays. Sample data is visible in the GeneSpring navigator, under the All Samples icon.
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* Condition—A unique combination of parameters as applied to your sample. Each con-
dition may be a single sample or a group of replicate samples combined based upon the
parameter values defined for each sample. The easiest way to think of this is as the
parameters under which the sample(s) was observed. If you have no replicates, condi-
tion and sample can be considered synonymous. In Figure 3-19 the conditions are
Embryonic, Postnatal and Adult.

* Interpretation—A description of how GeneSpring displays the data for you to view. It
would include a definition of applicable parameters and how to treat the normalized
numbers. This is the way a set of conditions is grouped. In Figure 3-19 the interpreta-
tion is the Default Interpretation.

+ Experiment—a set of samples, generally designed to answer specific types of ques-
tions. The data are usually (but not always) manipulated in a normalized form. In Fig-
ure 3-19, the experiment is the Rat Study.

A Note on Multiple Parameters

The more experiment parameters you have, the more options you have for visually query-
ing your data. If you have samples of tissues with different diseases such as breast cancer,
kidney cancer, liver cancer, brain cancer, hepatitis A, hepatitis B, osteoporosis, arthritis,
syphilis, and no disease, you might want to use several parameters for this experiment.
Using multiple parameters (even if they all refer to the same information) allows you to
group the data in many different ways which may give you different insights into your
data set.

As another example, these could be given parameters of Cancer, Pathogen and Genetic
Disorder. Parameter values can also be assigned in different ways:

» Cancer: Malignant, Benign or Normal

» Cancer: Cancerous or Normal

« Cancer: Tumor, Metastatic or Normal

If all of these parameter values are used they should be assigned to multiple parameters,

such as Cancer type, Cancer Presence and Cancer Stage. Additional parameters could be
Age, Gender and Treatment.

Parameter Display Options

GeneSpring offers four ways of visually displaying a parameter: a continuous element, a
non-continuous element, a replicate (or hidden) element, or a color code. When you create
a new experiment, your chosen display option becomes the default for that parameter. If
you simply paste in a new experiment, all parameters are assigned in the Paste Experiment
format.

Regardless of how a parameter was created in GeneSpring, you can use the Experiment
> Change Experiment Interpretation command to change how it is dis-
played. For more details on this, see “Experiment Interpretations™ on page 3-39.
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Hidden Elements

Parameters defined as replicates are averaged together and appear as a single parameter. A
parameter defined as a replicate is graphically a hidden variable. Defining a parameter as a
replicate is the easiest way to deal with repeated samples inside GeneSpring.

The equation used for averaging repeated samples is exactly the same one used to average
repeated measurements in a raw data file. See “Dealing with Repeated Measurements” on
page 5-18 for more information. The only difference is that averaging of repeated parame-
ters is done after the raw data has been normalized.

Continuous Element

In a continuous variable, each parameter value exists in series on a continuum with the
other values in that parameter, rather than as discrete points. Each value is related to the
values on either side of it and adjacent data points are connected together by lines. Typi-
cally, continuous variables are numeric. This requires that the values be in a particular
order. GeneSpring automatically orders numerical parameters from highest to lowest and
non-numerical parameters in alphabetical order.

When graphing by a continuous parameter each value is placed on the X-axis in order
from left to right. You can change this default order. See “Set Value Order” on page 3-34
for more details.

Non-Continuous Element

In a non-continuous (or set) variable, each parameter value exists independent of the oth-
ers, as a discrete point. When a non-continuous element is graphed, each parameter value
is placed on the horizontal axis, in order from left to right. GeneSpring automatically
orders numerical parameters from highest to lowest. Non-numerical parameters are in
alphabetical order. See “Set Value Order” on page 3-34 if you need non-numerical param-
eter values to be graphed in a particular non-alphabetical order.

When displaying data from a non-continuous parameter, data points are graphed in histo-
grams, as discrete points. A gene deletion is a simple example of a non-continuous ele-
ment, but it is by no means the only possible non-continuous parameter. A non-continuous
parameter is occasionally referred to as a set when there are other parameter display
options employed (especially when a continuous parameter is used) because the non-con-
tinuous parameter separates the data into a series of discrete graphs viewed next to each
other on the same screen. When a continuous parameter is used in conjunction with a non-
continuous parameter each discrete graph contains all of the values of the continuous
parameter, making each of the separate graphs look like a set of parameter values.

Color Code

A color code is used for experimental parameters whose parameter values exist indepen-
dently of one another but are not unrelated. When the genome browser is colored by
parameter, GeneSpring orders the parameter values from top to bottom in the colorbar. See
“Color by Parameter” on page 4-33 for details. Values are listed in alphabetic or numerical
order.
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Each color represents a category (or set of categories). When coloring the browser display
by parameter, each value defined as a condition is assigned a color and every data point
described by that parameter is drawn in that parameter’s color. This can be referred to as
Color by Parameter. This display option shows the same gene multiple times. The number
of times a single gene is drawn is equal to the number of values defined as conditions.

When the browser display is colored using a color option other than Color by Parameter, it
is impossible to visually distinguish which value a particular gene line or gene point repre-
sents, although separate gene lines for each value defined as a condition are still drawn.
See “Set Value Order” on page 3-34 for details on how to change that order.

Individual patients, or strain types, are variables commonly defined as color codes (condi-
tions) because, although they are different values, it is interesting to see them visually
compared to one another. It is likely the expression patterns of individual patients with the
same disease will react in a similar way under similar conditions. Often it is when the
expression patterns are not similar that the results are interesting. This is where graphs of
parameter-values defined as color-coded conditions are useful as they allow you to easily
compare varying conditions of the same gene.

Changing Experiment Parameters

Use the Experiment Parameters window to assign parameter names and units (e.g., time
and minutes) to your data.

You can also use this window to add and delete parameters and rearrange the order of non-
numeric parameter values on the horizontal axis. If you set up your file names as described
below, your parameter assigning process is automated.

=, Experiment Parameters for Really Huge Rat

% Please select values for experimental parameters.

Warning: Modifying parameters may invalidate existing experiment trees built from this experiment.

Parameter Name File Hame DiseasedMorma Import Parameter...

Parameter Units

Numeric no no
Logarithmic no no Replace Text..
1: Mergen Rat01_ORFs.txt |Mergen dizeazed

Extract Subvalues

Sort

Set Value Order...

Save | Sa\feAs...| Cancel| Help |

Figure 3-20 The Experiment Parameters window

Import Parameter

You can import a parameter from another experiment or from a list of sample attributes
defined in any of the samples in the current experiment. To import a parameter:

1. Click Import Parameter. The Import Parameters window appears.
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2. Select the parameter or parameters to import.

To select a sample attribute to import as a parameter, click its name in the list at the top
of the screen. To select all attributes in this list, click Select All. To clear your
selections, click Clear All.

To import parameters from another experiment, find the desired experiment in the nav-
igator and select it. The parameters associated with that experiment appear in the
Parameters from Selected Experiment list. Select the desired parameters from the list.

3. When you are done, click OK. You are returned to the Experiment Parameters screen. A
new column appears for each parameter you imported.

New Parameter

To create a new parameter:
1. Click New Parameter. A dialog appears.

2. To add a standard parameter, select it from the pull-down menu and click OK. To add a
custom parameter, select the Custom radio button and click OK.

A new column appears in the Experiment Parameters window. If you want to accept
the default values for a standard parameter, simply click Save.

3. Fill in the Parameter Name and Parameter Units in the new column (the latter only if
applicable).

4. In the Numeric and Logarithmic rows, select Yes or No from the pull-down menus.
(Click in a cell in either row to make the pull-down menu appear.) You can also paste
data in the Sample cells.

5. Click save to change the parameters in your current experiment or Save As to save
this parameter set-up as a new experiment.

You can paste in columns of information by clicking the cells of the Sample section. For
example, if you had an Excel spreadsheet of data and wanted to copy and paste a column
from it, you could copy a large section of column and paste it into the new column. You
can also copy information out. You can only add columns (parameters and parameter val-
ues), you cannot add rows (samples) into this table.

Delete Parameter

To delete a parameter, click the gray bar above the column you want to delete and click
Delete Parameter.

Replace

To replace many entries at once, select the entries to change and click Replace. Enter
the appropriate text in the dialog box that appears. To replace all instances of an entry,
choose Replace and then uncheck the Replace in selected cells only box
before clicking OK.
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Extract Sub-Values

This feature automates parameter assignment. To use it, create file names based on your
parameter values (e.g., RIr001a.txt, where “RIr0” is an experiment and “01” is your sam-
ple number and “a” is the region designator).

When you use the Extract Sub-values feature, file names are broken down into sub-values.
GeneSpring is programmed to first look for alternating constant fields and variable fields
and to make parameters out of the variable fields. Next it divides the variable fields into
groups consisting of uninterrupted stretches of either numbers, letters, or non-alpha-
numeric characters and makes parameters out of each of these groups.

Fill Down

To replace entries using the top selected cell, click on the cell you want to use as the
replacement and then, holding down the Shift key, click on the cells underneath whose
values you would like replaced with the original cell. Then click Fill Down.

Fill Sequence Down

This allows you to fill down as described above, but automatically continue a simple
numeric or alphabetic sequence.

Set Value Order

To change the order of your parameters as they are displayed along the X-axis in the main
GeneSpring window, select an entire column or part of a column and click Set Value
Order.

For example, to show the numeric, continuous parameter “Kryptonite Concentration” in
reverse order (40, 30, 20, 10, 0) of the normal arrangement (0, 10, 20, 30, 40) you first
must change the setting to a non-numeric parameter and select the column by clicking on
the gray bar at the very top. You cannot change the order of a parameter defined as
numeric.

To select part of a column, highlight it in the normal fashion. Click in the topmost cell you
want to select while holding down the Shift key. GeneSpring selects down the column
for you. Click Set Value Order.

To use the Sort Ascending or Sort Descending buttons, select all the values to be ordered.
The main GeneSpring window sorts your parameters according to the new system.

You can also sort manually by selecting one parameter value and use the move up/move
down buttons to arrange the order to your liking.
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Sample Attributes

Attributes are values associated with a sample, such as time, drug concentration, etc. You
may have many attributes applying to a single sample. These attributes are selected and
associated with a sample in the Sample Manager. For more information, see “Attributes
and Parameters” on page 4-14.

You can add any number of additional attributes you like using the Sample Manager or the
Standard Attribute Editor. Additional sets of attributes are available for download from the
Silicon Genetics website at http: //www.silicongenetics.com/cgi/SiG.cgi/
support/stdatt.smf. These include sets of attributes tailored for various applica-
tions, including MIAME standards.

Changing Experiment Attributes

You can add, edit, or delete sample attributes through the Edit Attributes window.

% Edit Attributes (](=1 3]

Please select values for sample attributes.

MNew Attribute...
Attribute Name DiseasedMormal File Name
Attribute Units :
Numeric no no
1: Mergen Rat01_ORFs.txt |dizeased Mergen Ratd1_ORFs.bd

Replace Text...

Sort

_ npect. |

oK | Cancel| Help |

Figure 3-21 The Experiment Attributes window

Import Attribute

You can import a attribute from another experiment or from a list of sample attributes
available for any of the samples in the current experiment. You can also convert a parame-
ter into a sample attribute.

To import a attribute:
1. Click Import Attribute. The Import Attributes window appears.
2. Select the attribute or attributes to import.

To select a sample attribute to import as a attribute, click its name in the list at the top
of the screen. To select all attributes in this list, click Select All. To clear your
selections, click Clear All.
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To import attributes from another experiment, find the desired experiment in the navi-
gator and select it. The attributes associated with that experiment appear in the
Attributes from Selected Experiment list. Select the desired attributes from the list.

3. When you are done, click OK. You are returned to the Experiment Attributes screen. A
new column appears for each attribute you imported.

New Attribute
To create a new attribute:
1. Click New Attribute. A dialog appears.

2. To add a standard attribute, select it from the pull-down menu and click OK. To add a
custom attribute, select the Custom radio button and click OK.

A new column appears in the Experiment Attributes window. If you want to accept the
default values for a standard attribute, simply click Save.

3. Fill in the Attribute Name and Attribute Units in the new column (the latter only if
applicable).

4. In the Numeric and Logarithmic rows, select Yes or No from the pull-down menus.
(Click in a cell in either row to make the pull-down menu appear.) You can also paste
data in the Sample cells.

5. Click save to change the attributes in your current experiment or Save As to save
this attribute set-up as a new experiment.

You can paste in columns of information by clicking the cells of the Sample section. For
example, if you had an Excel spreadsheet of data and wanted to copy and paste a column
from it, you could copy a large section of column and paste it into the new column. You
can also copy information out. You can only add columns (attributes and attribute values),
you cannot add rows (samples) into this table.

Delete Attribute

To delete a attribute, click the gray bar above the column you want to delete and click
Delete Attribute.

Replace Text

To replace many entries at once, select the entries to change and click Replace Text.
Enter the appropriate text in the dialog box that appears. To replace all instances of an
entry, choose Replace Text and then uncheck the Replace in selected
cells only box before clicking OK.

Fill Down

To replace entries using the top selected cell, click on the cell you want to use as the
replacement and then, holding down the Shift key, click on the cells underneath whose
values you would like replaced with the original cell. Then click Fill Down.
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Fill Sequence Down

This allows you to fill down as described above, but automatically continue a simple
numeric or alphabetic sequence.

Editing Standard Attributes

GeneSpring comes with a set of “standard attributes”. These attributes are available for
use in any experiment in GeneSpring. You can add as many additional attributes as you
like, or edit existing attributes, using the standard attribute editor.

List of Standard Attributes

Mame Units |Values Data Type |Required o
Age years, months; weeks; Mumber  Optional

days
Array Design Affymetrixz U95Aver2; Text Qptional

Custam 8K cDMA array,
Spotted 20K Membrane
Filter, Taghlan RT-FCR

Author Text Qptional
Commaon Reference none; Yes, total genomic  Text Qptional
resiMo, 10) DMA, ves, non-treated

time 0; Mo, non-treated
tissue; vYes, RG24

(Stratagene)
Concentration malar; maolal; ppm; Mumber  Optional
maiml; coikdg, %,
Yolwrhi); Folel)
Data Text Qptional
pracessing/normalization
Develapmental Stage pre-embryanic; Text Qptional
embryanic; posthatal; -
N | ;IJ

Add.. | | |

QK | Cancel| Help |

Figure 3-22 The Standard Attributes Editor

To add a standard attribute:

1. Select Edit > Standard Attributes. The Standard Attributes window
appears.

2. Click add. The Add Attribute window appears.
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8.

% Add Attribute

Aftribute Description
Attribute Mame: |Planet of Origin
Units ’
Suggested Attribute Units:
(optional)
Remove Row
Value |
Suggested Attribute Values: Earth
X Mars
(optional)
Wenus
Remove Row Mercury
Saturn| |
Data Type: |Text j
This Attribute |s: |Recommended j
QK | Cancel| Help |

Figure 3-23 The Add Attribute window

Enter a name for the new attribute.

To add a suggested unit of measurement for the attribute, such as “minutes” or “ppm”,
click in a row of the Suggested Units table and enter a unit type. You can add as many
suggested units as you like. These units will be selectable by users when they assign
this attribute to a sample.

. To add a suggested value for the attribute, such as “Control Group” or “Martian”, click

in a row of the Suggested Values table and enter a value. You can add as many sug-
gested values as you like. These values will be selectable by users when they assign the
attribute to a sample

Select the data type (Text or Numeric) from the Data Type pull-down menu.

Specify whether the attribute is Required, Recommended, or Optional from the This
Attribute Is pull-down menu.

Click OK. You are returned to the Standard Attributes window.

To edit a standard attribute, double-click it in the Standard Attributes window, or select
it and click Edi t. The Edit Attribute window appears. This window looks exactly like the
Add Attribute window. Make any desired changes and click OK.

To delete a standard attribute, select it in the Standard Attributes window and click
Remove.
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Experiment Interpretations

The Experiment Interpretation window allows you to determine how an experiment is to
be displayed. You can change the upper and lower bounds of the vertical axis of your
graph, the mode used to represent your data, whether to turn on the cross-gene error
model, how you want to view each parameter, and which flagged measurements to be dis-
played.

Changing an experiment interpretation is useful not only for customizing initial display
settings, but also because statistical analysis techniques in GeneSpring are carried out
based on how your data is characterized in the interpretation. Because of this, it can be
valuable to set up more than one experiment interpretation, then perform analyses on each
one to compare the results of statistical testing on data that has been grouped and charac-
terized in different ways.

When you load your experiment, GeneSpring automatically creates a Default Interpreta-
tion and an All Samples interpretation. The Default Interpretation is the first item listed
under the experiment in the navigator. It may be most convenient to set up your most fre-
quently used interpretation as your Default Interpretation. You can rename the Default
Interpretation, but you cannot delete it. The All Samples interpretation makes all parame-
ters non-continuous, so that each parameter is viewed and analyzed individually. The All
Samples interpretation cannot be changed, renamed or deleted.

= Change Interpretation for Yeast cell cycle time series (no 90 min) E|E|g|

Mame |Default Interpretation 105

Verical Axis Range

Lower Bound |0.01 Upper Bound |10

Analysis

Mode: |L0g of ratio j

Use Measurements Flagged: |AI| Measurements j

0 conditions excluded Exclude Conditions... | 1
0.

W Use Cross-Gene Error Model in This Interpretation 020 50 80110 150

How to Display Parameters
Parameter Name Continuous Non-continuous Color Code Do Not Display

time * . . .

Experiment Properies: Yeast cell cycle time series {no 90 min)

Experimentlnspedor...| ExperimentParameters...| Error Model Structure. ..

Figure 3-24 The Change Experiment Interpretation window

Changing Experiment Interpretation

1. Select Experiments > Experiment Interpretation. The Experiment
Interpretation window appears. (You can also right-click the genome browser in graph
view and select Options > Experiment Interpretation.)

2. From the Mode pull-down menu, choose a data display mode for the vertical axis. You
have the following choices:

e Ratio (signal/control)
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e Log of ratio

e Fold Change

The mode you choose is used in such statistical procedures as Statistical Group Com-
parison, k-means Clustering, Self-organizing Maps, and Principal Components Analy-
sis. See below for details on these modes. Choose the lower and upper bounds of the
vertical axis in the fields provided.

3. Depending on your instrumentation, you may have flags indicating the degree to which
your data is reliable. If you have flags, choose from the Use Measurements
Flagged pull-down menu to limit data based on these flags.

4. (optional) To use the cross-gene error model, check the Use Cross-Gene Error
Model box. Cross-gene error models, if used, are assigned an equal number of degrees
of freedom as the direct variability estimates for that gene.

5. Choose a mode for each parameter: Continuous Element, Non-continuous,
Color Code, orDo Not Display. Note that if you choose Color Code, you must
also select Colorbar > Color by Parameter. See below for details on these
modes.

6. To make any additional desired changes in your experiment before you continue, click
any of the buttons in the Experiment Properties panel. Your options are:

» Experiment Inspector—Opens the Experiment Inspector window. For a detailed
description of this window, see “The Experiment Inspector” on page 4-16.

* Experiment Parameters—Opens the Experiment Parameters window. For a detailed
description of this window, see “Changing Experiment Parameters” on page 3-32.

* Error Model Structure—Opens the Cross-gene Error Model window. For a detailed
description of this window, see “Cross-gene Error Models” on page 3-44.

7. When you are done, name your interpretation and click Sawve to update your current
interpretation or Save As to create a new interpretation.

Find saved interpretations by clicking on the relevant experiment in the Experiments
folder of the navigator. You can delete an interpretation you have created by right-clicking
over it in the navigator and selecting Delete from the pop-up menu.

Vertical Axis Modes

The default display is Ratio, where normalized intensity values are graphed on the vertical
axis. In this mode, values range from negative infinity to infinity.
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5.0]Mormalized Yeast cell cycle time series (no 90 min)
JIntensity (ratio)

time (minutgs)
70 80 100 110 120 130 140 150 1('5[,

Figure 3-25 The gene list “like CLN1 " graphed using the [signal/control]
formula. The Y-axis is graphed from 0 to 5.

The Ratio is determined by dividing the signal (raw data) by the control strength. (In a
one-color experiment the control strength refers to the denominator used to normalize the
raw data. In a two-color experiment control strength refers to the control channel.) When
data is reported as the signal divided by the control, it is assumed that all expression values
are positive. The number 1 is considered normal expression; any expression value above
one is overexpressed, and all underexpressed data is less than one, but greater than zero.

This means that all underexpressed data appears flattened because it has to graphically fit
between zero and 1, whereas overexpressed data takes up a much larger percentage of the
graph (from 1 to positive infinity). Raw signal values that are negative (which is com-
monly the case in Affymetrix data) produce normalized values that are negative. (To deal
with these negative values, see “The Affine Background Correction” on page 5-13.)

Log of Ratio

The Log of Ratio mode graphs normalized values (i.e., the ratio of the signal to the con-
trol, not their logs), but spaces them logarithmically. The normal expression is 1. The Log
of Ratio interpretation solves the problem mentioned above under “Ratio”, where all
underexpressed data appears flattened because it has to graphically fit between zero and 1.
In this mode underexpressed genes take up as much space visually as overexpressed
genes. Logarithms of the expression ratios are used as the basis for statistical analysis.

Mormalized Yeast cell cycle time series (o 80 min)
Intensity (ratfo) <=

e e e
G S D ey S

0.1

time {minutes)
T T T T T T T T T T T T T T
0 10 20 30 40 a0 BO 7O 8O 100 110 120 130 140 140 “Im

=

=

=
|

Figure 3-26 The gene list “like CLN1" graphed using the log ratio formula

Note that in Log of Ratio interpretation, the lower limit of the vertical axis is 0.01. Any
expression values below 0.01 are plotted as 0.01. Note also that when you export your
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data, GeneSpring reinterprets the data as the ratio. Measurements below .01 are exported
as .01

Fold Change

Fold Change mode creates a more balanced visual representation between over- and
underexpressed genes than Ratio mode and emphasizes the increase and decrease of
expression levels. For example, xI would refer to normal expression, X2 to an expression
level twice normal, and /2 to an expression level half normal. When using the upper or
lower bound fields to change the vertical axis range enter either the ratio values in inte-
gers, or the fold change value (i.e., x4 or /4). Any integers you enter are converted.

rormalized Intensity Yeastcell cycle time series (no 30 min)
¥4ifald scale)
}(2__ = "-' .;"“ s

b A e
] f.‘.._-:".—"‘:ﬂf"‘:l'r-_ =

123 f—/

!
b

time {minutes)
10 20 30 40 50 GO YO 8O 100 110 120 130 140 150 'HISD

-\_L
=
=]

[

Figure 3-27 New Fold Change Image

Note that in Fold Change interpretation, the lowest measured value is 0.01. Any values
below 0.01 are calculated as 0.01. The minimum display value is /100. Note also that
when you export your data, GeneSpring reinterprets the data as the ratio. Measurements
below .01 are exported as .01.

Ratio Numbers Display

-5 110

0 /110

.01 /100 (this is the lower cutoff)
.25 4

.33 3

5 2

15 x1.5

3 x3

5 x5

Note: In Fold Change mode, the values on the vertical axis are not the same as those used
for subsequent analyses or those that are exported using the Copy Annotated Gene
List function. In fold change mode, the values are stored as 1-N for values greater
than 1 and 1-1/N for values less than 1(where N is the normalized signal). These
values can be thought of as representing the distance away from normality (i.e., the
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point that represents neither over-expression nor under-expression). These values
may not be particularly useful for most users.

Parameter Display Modes

Continuous Element

Applicable only to Graph view, the Continuous Element mode shows parameter values
existing on a continuum, where each point is connected with a line. GeneSpring automati-
cally orders numerical parameters from highest to lowest and non-numerical parameters in
alphabetical order. See “Parameter Display Options™ on page 3-30 for details.

Non-Continuous

Applicable only to Graph view, Non-continuous mode shows parameter values existing
independently of one another, where each value is represented as a discrete point. Gene-
Spring automatically orders numerical parameters from highest to lowest and non-numeri-
cal parameters in alphabetical order. See “Parameter Display Options” on page 3-30 for
details.

Do Not Display (Replicate)

Select this mode when the parameter does not differentiate between samples. For example,
if you have multiple patient samples with different cancer types, you could select Do Not
Display for the parameter Age and Continuous for Cancer Type. This would group all the
samples by the parameter values for Cancer Type and ignore Age when grouping samples
into conditions:

Note that when the same gene occurs twice in the course of an experimental set, it is called
a “repeat” and the measurements are averaged together. This cannot be changed.

Color Code

The Color Code mode colors genes by parameter. the number of times a single gene is
drawn is equal to the number of parameter-values defined as conditions allowing you to
easily compare varying conditions of the same gene. By default, parameter values are
listed in alphabetic or numerical order. See “Parameter Display Options™ on page 3-30 for
details.
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Cross-gene Error Models

Using the Cross-gene Error Model

The ability to estimate measurement and sample-to-sample variation in microarray-based
experiments is often compromised by the fact that the cost (in both time and materials) of
performing large numbers of replicate samples is quite high. If the cross-gene error model
is turned on, GeneSpring accounts for error instead by assuming that the amount of vari-
ability is a function of the control strength within all the measurements for a single exper-
imental condition. The advantage of making this assumption is that the number of
measurements used to estimate the global error is equal to the total number of genes on
any given chip.

In addition, measurement precision information supplied by the scanner software or inde-
pendently by the user can be loaded into GeneSpring via the “Signal Precision” column
type in the column editor. The value given in this column is interpreted as the standard
deviation of the raw measured value.

The sample-to-sample variability includes the effect of both types of variation, and the sta-
tistical separation of these effects is called variance components analysis. The GeneSpring
Cross-gene Error Model performs this variance components analysis, and uses the esti-
mates of these two components of variation to accurately estimate standard errors and
compare mean expression levels between experimental conditions.

Separate estimates of two different kinds of random variation are used to estimate the vari-
ability in gene expression measurements:

* Measurement variation—This comprises the lowest level of variation, corresponding
to the variation of the measurement of a gene on a single chip around the true value that
would be achieved by a perfect measurement of the expression level of the gene for
that sample.

* Sample-to-sample variation—This is the variation between samples in the same con-
dition. This represents biological or sampling variability, such as variability between
multiple subjects in a condition, between multiple physical samples for an experimen-
tal subject or patient, or between multiple hybridizations of a physical sample. Gene-
Spring can represent any one of these kinds of variability, depending on the types of
replicate samples you have specified in your interpretation and in the error model dia-
log. GeneSpring assumes all replicate samples in the same condition correspond to one
kind of variability.

When you turn the Cross-gene Error Model on the Error Model is used as the basis for:
+ standard deviation, representing the variability of individual population members.

+ standard error, representing the precision of the mean of the gene expression measure-
ments in the condition with respect to the true condition mean.

* error bars corresponding to standard deviation or standard error in the Graph view and
Gene Inspector.

+ t-test p-value, representing the statistical test of differential expression for a specific
condition.
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+ color by significance, coloring according to the t-value from the t-test of differential
expression.

 finding differentially expressed genes using the Statistical Group Comparison, if the
error model option is chosen
To Turn On the Cross-Gene Error Model

1. Select Experiments > Cross-Gene Error Model. The Cross-Gene Error Model win-
dow appears.

s (Cross-Geng Error Model for Experiment Yeast cell cycle time series (no 90 ... g@g|

Base error model on:

" Deviation from 1.0
Select the parameters that differentiate groups of replicates:

W time (minutes) 2
v
£ >
Error model coefiicients:
Mote: Replicate samples will have identical error model coefficients.
Base Proportional Base:Prupurtiund

1: yeast.timeseries.txt column 2 1] 1] [iA

2: yeast.timeseries.txt column 3 1] 1] [iA

3: yeast.timeseries.txt column 4 1] 1] [iA

4: yeast.timeseries.txt column 5 1] 1] [iA

5: yeast.timeseries.txt column 6 1] 1] [iA

6: yeast.timeseries.txt column 7 1] 1] [iA

7. yeast.timeseries.txt column 8 1] 1] [iA

8: yeast.timeseries.txt column 9 1] 1] [iA

0: yeast.timeseries.txt column 10 |0 1] [iA

10: yeasttimeseries.txt column 12 |0 1] [iA

11: yeasttimeseries.txt column 13 |0 1] [iA

12: yeasttimeseries.txt column 14 |0 1] [iA

13: yeasttimeseries.txt column 15 |0 1] [iA

14: yeasttimeseries.txt column 16 |0 1] [iA

15: yeasttimeseries.txt column 17 |0 1] [iA

16: yeast.timeseries.txt column 18 |0 1] [iA

Average of Base/Proportional: MIA

QK | Cancel| Help |

Figure 3-28 The Cross-Gene Error Model window

2. If you have replicates for each condition, select the Replicates radio button and
select parameters to treat as replicates. Click OK.

If you do not have replicates for each condition, select the Deviation from 1.0 radio
button and click OK.

Note: Double-click on a row to view that sample in the Sample Inspector.

3. Select Experiments > Experiment Interpretation. The Change Interpretation win-
dow appears.

4. Click the box marked Use Cross-Gene Error Model.
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5. Click Save to save as part of your current interpretation or Save As to create a new
interpretation.

Technical Details

The two-component model for estimating variation from control strength is known as the
Rocke-Lorenzato model. The two components are an absolute error component that domi-
nates at low measurement levels, and a relative error component that dominates at high
measurement levels. The formula for the error model for raw (pre-normalization) expres-
sion levels can be written as:

GRA W= Ja*+ b25?

where G g aw is the measurement standard error of the raw expression data, S is the mea-
surement level (control strength), and @ and b are the fitted coefficients of the model.

Expressed in terms of the normalized expression levels, which are the result of dividing
raw expression levels by control strength, the standard errors can be written as:

Before fitting the error model, the genes are ordered by their control strengths. A median
variance and median control strength is calculated for each non-overlapping set of eleven
genes. If replicates are used, this variance is the standard error of the samples in the cur-
rent condition. If the “deviation from 1” option is selected, error is approximated by using
the median deviation from 1.0. The goal in this step is to remove outliers (when replicates
are being used) and to disregard genes whose high or low expression level is the result of
biological activity. In the absence of replicates the working assumption is that the vast
majority of the genes do not change over the conditions in the experiment, and thus devia-
tion from one represents error in a gene whose expression level changes little over the
course of the experiment. Then an iteratively reweighted linear regression of variation or
squared deviation versus squared control strength is fitted to estimate the parameters.

Estimation of the 2-level variance components model is done by the method of moments.
In order to eliminate negative estimates of variance components, within-sample variation
is taken as a lower bound on total between-sample variation. Different sources of informa-
tion in the analysis are weighted by their appropriate statistical degrees of freedom. Preci-
sion estimates based on replicate genes or samples are assigned degrees of freedom equal
to the number of replicates minus one. User-supplied precision values, if available, are
assigned 1 degree of freedom. Cross-gene error models, if used, are assigned an equal
number of degrees of freedom as the direct variability estimates for that gene. Between-
sample analyses are done according to the interpretation mode (ratio, log, fold). Within-
sample variability is calculated in terms of normalized ratio expression, and translated as
necessary to the interpretation mode by use of the delta method.

Results of the variance components analysis are used to estimate standard deviations and
standard errors, according to the grouping of samples into conditions as specified by the
experiment interpretation. Two different types of interpretation affect the assumed context
of the calculation:
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* Single-sample interpretation—If all conditions contain only one sample (for instance
the. “All Samples” interpretation), precision calculations are based solely on the esti-
mated within-sample measurement variation. The error bars, standard deviations, and
standard errors represent the variability of all possible measurements on this specific
sample.

*  Multi-sample interpretation—If at least one condition contains multiple samples,
precision calculations for all samples are based on the combined within-sample and
between-sample variation, and error bars, standard deviations, and standard errors rep-
resent the variation of measurements of samples representing the population of all pos-
sible samples in the condition.

In a multi-sample interpretation, if no replicate samples are available for a specific con-
dition, then no error calculations are made and no error bars are shown, since there is
no information available on the variability of that condition.
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Using the Genome Browser

The large panel in the center of the GeneSpring window is the genome browser, which
graphically displays information about the genes in the selected gene list. The genome
browser often presents so much information that individual genes and gene names are not
visible. To look more closely at fewer genes you can zoom in and pan around.

Zooming In

You can enlarge a region of the screen by “zooming in”.

Click and drag a rectangle across the region to enlarge. Release the cursor. Repeat steps 1
and 2 until you reach the desired magnification level.

To undo a zoom, type Ctrl+[, or click Zoom Out.

Figure 4-1 Zooming

To return directly to the unmagnified state, do one of the following:
* Seclectthe View > Zoom Fully Out option.

* Click Zoom Fully Out.

« TypeCtrl + Home.

Panning

If you have zoomed in and must view genes that are not visible in the genome browser but
are nearby, you can pan in any direction.

To pan, do one of the following:
+ Use the arrow keys to move in the desired direction.

» Use the Page Up or Page Down keys to travel one screen’s distance up or down.

Modifying Display Options

Each of the displays in the View menu provide multiple options for modifying the way
your data are represented. To see what display options are available in the current view,
select View > Display Options....

For more information on display options, see “Display Options™ on page 4-25.
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Displaying a Gene List

Displaying a Gene List
To display a gene list, select a list with an ordinary mouse-click.
Alternately:

1. Right-click on the gene list to view in the Gene List folder in the navigator. A submenu
appears.

2. Select Display List.

Displaying a Gene List as a Secondary List

1. Display a gene list as outlined above, then right-click above the gene list to view as
your secondary gene list. A submenu appears.

2. Select Display As a Second List.

To remove the secondary gene list, go to the View menu and select Remove Second-
ary Gene List.

Show All Genes

At any time in any display mode, you can click the Show A1l Genes button to revert to
a display of all genomic elements.
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Finding and Selecting Genes

The Find Gene and Advanced Find Gene functions allow you to quickly find one or more
genes. This is especially useful when there are too many genes in the genome browser to
easily identify individual genes.

Performing a Simple Search

1. SelectEdit > Find Gene. The Find Gene in View window appears.

2. Type a synonym, systematic name or common name of a particular gene in the Find
Gene window text box.

3. Check any or all of the checkboxes for the fields to search.
4. Click Find or press the Enter key.

In some views, the genome browser zooms in on the “found” gene. This gene is automati-
cally selected. If more than one gene is found that matches your search criteria, the total
number of genes found are listed at the bottom of the Find Gene Window along with the
number of genes found that are visible in the current gene list. At this point, click Find
Next to show the next gene that matches your search criteria.

Performing an Advanced Search

1. Select Edit > Advanced Find Gene.... The Advanced Find Genes window appears.

% Advanced Find Gene

Search Fields
Search For: | Check All | Clear All
. | Find
[v Systematic Name ¥ EC v Keywords ¥ Type Iv¥ RefSeq
W Commen Name W Description W PubMedID ¥ DBid W UniGene Reset
¥ Synonym ¥ Product W Custom Field 1 ¥ GO biological process Close
v MNotes ¥ Phenotype W Custom Field 2 ¥ GO molecular function Hel
P

¥ GenBank Accession Mo. W Function [ Custom Field 3» GO cellular component

Map Location Options

Chromosome Mo. |Any | First Basepair Mo. [ Case Sensitive

Last Basepair No ’— ™ Whole Words Only
. ¥ Use * as Wildcard

Sequence:
: | ™ Search Only Current Gene List

Figure 4-2 The Advanced Search Window
2. Check or uncheck the fields to search. For more information about the contents of these
fields see “Annotation Options” on page 9-6.
3. Enter a search term in the Search For field.

* Enter multiple terms separated by the words “and”, “or”, or “and not” in this field.

- AND—match any gene containing both of these terms, even if they do not
appear in the same field
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- OR—match any gene containing either of these terms, even if they do not
appear in the same field

- AND NOT—match any gene containing the first term, but not containing the
second

* Enter an asterisk ‘* in this field to match any gene with an entry in any of the fields
you specified in step 2.

» Restrict your search to specific regions within the genome using the Map Location
fields. You can specify the chromosome number or search for a particular sequence
for any organism that has mapping information.

» For organisms that are not completely sequenced, you can search for cytogenetic
band markers. For organisms that are completely sequenced you can restrict your
search to regions between specified bases. Only the fields appropriate for the given
genome appear. Any gene that falls even partially within the specified region is
identified by the search.

*  You can restrict your search to genes containing specific sequences. These
sequences can include the [IUPAC-IUB ambiguity codes, A, K, Y, W etc. Note that
the symbol, X, is not allowed and users who want to specify a single wildcard-base
should use N instead. Searching for NNNN therefore identifies all the genes in the
genome and may result in an out of memory error.

4. Click Find. A list of the genes that match the search criteria is displayed at the base of
the window. The field that matched the search criteria is colored red.

5. Identify the genes from the list to learn more about by clicking on the appropriate row.
To identify more than one gene, hold down the ctrl key while clicking multiple rows.
Once you have highlighted the gene(s) of interest, click one of the five buttons on the
right:

* Select - to highlight and select the selected gene in the genome browser

* Select All - to select and highlight all of the genes identified by the search
* Zoom & Select - to select and zoom-in on a gene in the genome browser
» Inspect - to bring up the Gene Inspector window for the selected gene

* Make Gene List - to make a gene list from all of the genes identified by the search

Searching GeNet from GeneSpring

Many researchers use multiple types of arrays to study the same class of disease. These
arrays may even come from diverse organisms, representing animal models for human dis-
eases, etc. In this instance it may be helpful to search a pool of data much larger than that
which GeneSpring defines as a “genome”.

To search for data on GeNet from within GeneSpring, select EAit > Search GeNet.
The Search GeNet screen appears. From this screen you can search for either genes or
associated data objects. However, searches will only return data you have permission to
view.

If you are logged into more than one GeNet server, a dialog appears that prompts you to
select the GeNet server on which to search. You cannot search multiple GeNet servers at
the same time.
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Search for Genes

%, Search GeNet: tetri

Search for Data Object
Search For

Search In Search Options

¥ Gene Mame

¥ Common Name

¥ Synonym

¥ GenBank Accession No.

I” Case Sensitive

™ Whole Words Only

¥ Use * as a Wildcard

Genomes to Search ”~

Check All | Clear All

™ Athaliana ™ Celegans ™ Caulobacter
[ Cities [~ D.melanogaster [ E.coli
I~ H.pylori [~ HU35K ABCD [ Hu95aVer2

Frogress:

stat | close | Help |

Figure 4-3 The Search GeNet for Genes window

To search for genes:

1. Enter a search term in the Search For field.

Enter multiple terms separated by the word “or” in this field to match any gene con-
taining either of these terms, even if they do not appear in the same field.

Enter an asterisk “*’ in this field to match any gene with an entry in any of the fields
you specify in step 2.

For organisms that are not completely sequenced, you can search for cytogenetic
band markers. For organisms that are completely sequenced you can restrict your
search to regions between specified bases. Only the fields appropriate for the given
genome appear. Any gene that falls even partially within the specified region is
identified by the search.

You can restrict your search to genes containing specific sequences. These
sequences can include the [IUPAC-IUB ambiguity codes, A, K, Y, W etc. Note that
the symbol, X, is not allowed and users who want to specify a single wildcard-base
should use N instead. Searching for NNNN therefore identifies all the genes in the
genome and may result in an out of memory error.

2. Check or uncheck the annotation fields to search. Searches are limited to the annota-
tions listed on the screen.
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3. Specify the genomes in which to search. The more genome names you check, the
longer the search process will take.

4. Click start. When the search is complete, a list of the genes that match the search
criteria appears.

Search for Data Objects

% Search GeNet: tetris |Z| |E| PZ|
Search for Data Ohject |Search for Gene

Data Type Search Fields
¥ Gene Lists Name: Contains -
GeNMet [dentifier: Contains hd

[v¥ Experiments

Author/Owner/Uploader: Contains hd
¥ Gene Trees
Research Group or Organization: | Contains hd

¥ Condition Trees Motes: Contains -
¥ Classifications Attachments: Contains hd
Sample Attribute: Contains -
¥ Pathways
Experiment Parameter: Contains -
v
Vv Samples Upload Date (MMDD/YYYY): From: | To: |

Genomes to Search

Check All | Clear All

™ Athaliana [~ Celegans [ Caulobacter =
[ Cities [” D.melanogaster [ E.coli

[~ H.pylori [~ HU35K ABCD [~ Hu95aVer2 &
Frogress:

stat | close | Help |

Figure 4-4 The Search GeNet for Data Objects window

To search for data objects:
1. In the Data Type section, specify the type of data to search for.

2. Enter search terms in the appropriate fields in the Search Fields section. Use the pull-
down menus to specify how the search term appears in that field. Available options are:

» Contains

* Equals

+ Starts with
* Ends with

* Does not contain

All entries in the Search Fields section are considered “ands”; i.e., the search will look
for data objects that match all of the terms entered on this screen.

3. Specify the genome or genomes in which to search. The more genome names you
check, the longer the search process will take.
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4. Click start.

Search GeNet Results

When the search has completed, the results screen appears. This screen contains a list of
all results matching your query, displayed as a columnar table with associated information
about the matching genes or data objects.

% Search GeNet Results (Data Objects):

Search Results for tetris (1043
|Type |Genume Sample Attribu ~
| a Sample east FP%3a STRESS R
| a Sample east FP%3a STRESS R
| a Sample east FP%3a STRESS R
| a Sample east FP%3a STRESS R
| a Sample east FP%3a STRESS R
| a Sample east FP%3a STRESS R
| a Sample east FP%3a STRESS R
| a Sample east FP%3a STRESS R
| a Sample east FP%3a STRESS R
| a Sample east FP%3a STRESS R
| a Sample east FP%3a STRESS R
| a Sample east FP%3a STRESS R
| a Sample east FP%3a STRESS R
| a Sample east FP%3a STRESS R -
dell — S ;IJ
| Close | Help |

Figure 4-5 The Search GeNet Results window
To resize columns in this window, click between the column headers and drag to the
desired position. Click the Configure Columns button to select which columns to display.

To view details on a particular item in the search results, select its row in the table and
click the Display button.

Selecting Genes

Frequently you must select a gene or group of genes in order to identify gene names or
quickly access genes you are working with.
Selecting a Single Gene

1. Click once on any line or square representing a gene. The name of this selected gene
appears in the legend at the bottom of the genome browser.

2. Double-click a gene to bring up the Gene Inspector window (see “The Gene Inspector”
on page 4-10) or use Ctr1+1I for a selected gene. This works on genes represented
graphically in the genome browser and on gene names found in lists.

It is much easier to select a gene in the genome browser if you zoom in on it.

4-8 Viewing Data



Finding and Selecting Genes

Selecting Multiple Genes

* Click once on any line or square representing a gene. Hold down Shift to add more
genes. (Clicking a selected gene while holding Shift deselects that particular gene.)

Or...

* Shift and drag your mouse across genes you want to select. A box appears as you
drag. When you release the mouse, the selected genes are highlighted.

When several genes are selected, the number of genes selected appears in the genome
browser.

If some selected genes do not appear in the current displayed gene list, the legend displays
the message “x genes selected, y genes not in list” where x is the number of selected genes
and y is the number of genes not in the list.

Click anywhere in the browser to unselect a the selected genes.

List Inspector

Right-click over a list icon in the navigator and select Inspect. A Gene List Inspector
window appears, displaying the common and systematic names of all the genes in the gene
list currently being displayed in the genome browser. You can select one of the listed
genes (by double-clicking) for closer inspection. For more information on this window,
see “The Gene List Inspector” on page 4-20.
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Inspectors

The Inspect windows allow you to view the current defaults and available details of any
gene, condition, classification or experiment.

The Gene Inspector

The Gene Inspector window allows you to look at all the data associated with a particular
gene, see the lists that include your gene, make correlations, and link directly to Internet
databases.

In the upper left corner of the Gene Inspector window is the name of the gene and an area
for notes. The table in the upper right corner displays the normalized, control, and raw val-
ues, as well as the t-test p-value and flag for each measurement. In the center of the win-
dow is a browser showing a graph of the gene across all conditions. At the bottom of the
window, from left to right, are correlation functions, lists containing your gene, and links
to databases.

Accessing the Gene Inspector Window
There are three ways to access this window:
* Double-click a gene (this may be easier when you zoom in)

+ SeclectEdit > Find Gene and enter the name of your gene

* Press Ctrl+I (when one or more genes are selected)
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Gene Inspector YDR048C (Experiment: Yeast cell cycle time series (no 90 min))

omplement(553079..553393) Description Hormalized |Contru| |Raw t-test p-value |Flags | =
VO PR [1_[tme 0minutes 176 375 66 0.37609485
Z_I\memminutes 1.093 375 41 0.86487126
|3 |tirme 20 minutes  1.36 375 i1 0.48445508
4_t\me 30 minutes 2 37a 74 015195101
S_I\me 40 minutes  1.673 375 59 0.25146654
|6 |tirne 50 minutes  0.827 375 kil 0.6E036314
Other Motes: ?_ time B0 minutes  0.827 37a N 06577452
E_t\me 70 minutes  0.907 378 34 0.8097949 W
Q_t\me g0 minutes  1.093 375 41 0.75044656
lt\meﬂlﬂ minutes 0.747 375 28 0.58561176
lhmeﬁﬂminuies 1.2 378 45 0.5729164 j
z . £ ; ; ; ; : ‘ ; : ; ; : ; : fir Imim\h:u ‘\
E 0 10 20 30 40 a0 60 70 a0 100 110 120 130 140 160 160
Toolg Lists Containing YDRO48C
Minimum correlation |0.99 EH3 Gene Lists Search SGD Locus Page
LJ-}@ PCA Yeast cell cycle time series (no 90 min)
87 Pca component 1 Search SGD
—ﬂ FCAcomponent 2
Find Similar _ﬂ PCA component 3 Search MIPS
-7 Fca component 4
m FCA component 5 M
Complex Correlations & Poa component & Search Sacch3D
887 PCA component 7
&1 Foacomponent 8 Search PubMed
L& PCa component 9
Save Expression Profile _Ej all genes Search Swiss-Prot
{j all genomic elements
Search PIR.
Cancel | Help

Figure 4-6 Gene Inspector window for gene RPS3

Gene Identification Section

Information on the selected gene from the master gene table is displayed in the upper left
corner of the Gene Inspector window in the Gene Identification section.

The Data Table

The table in the upper right corner is the Data Table. It contains the following information:

Description—The condition under which the measurement was taken.

Normalized—The normalized data value. For details on normalization, see , “Normal-
izing Data”.

Control—The control strength for the gene. For information about control strengths.
See “Per Gene Normalizations” on page 5-13.

Raw—The raw value of the data, just as it came off the chip or out of the scanner.

t-test p-value—This is a measure of the likelihood of this gene’s expression value
being different from one, assuming the data is centered around one. The t-test p-value
is applicable only to replicated data.

Flags—Flags indicate whether or not your data are reliable. Whether or not you have
flags depends on your instrumentation and what you have entered into your master
gene table. See “Measurement Flags” on page 5-19.
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The T-test P-value

In cases where there is replicate data, a one-sample Student’s t-test is calculated to test
whether the mean normalized expression level for the gene is statistically different from
1.0. The t-statistic is calculated as:

X-1
S/ (Jn)

l‘:

n
where X = z X is the sample average of the n normalized expression levels X},....X,

i-1

_ 1 ™2
ds, = |- x,-
and S, n—lz(’ X)

i-1

is the sample standard deviation of the replicates. The value of £ is compared with a table

of the distribution of Student’s t-distribution with 72 - 1 degrees of freedom to yield the
significance level (or p-value) for a two-sided test that the mean gene intensity differs sig-
nificantly from 1.0.

The Browser Display

Inspecting a gene shows you the gene’s expression over the experimental parameter, time
(minutes). The browser image reflects the experiment interpretation in the main browser
window. The only view option available in the Gene Inspector window is the Graph view.

Right-click on the browser to use error bars in the browser display or create a resizable
picture of the browser. Right-click and select Options to change the vertical axis range,
show or hide many of the browser elements, and switch your view from normalized to raw
data. For details on the latter options, see “Using the Genome Browser” on page 4-2.For
information about error bars, see “Cross-gene Error Models” on page 3-44. For informa-
tion about creating a resizable picture, see “Saving Pictures and Printing” on page 9-4. For
information on bookmarks, see “Bookmarks” on page 4-26.

Gene Inspection Tools

The box in the bottom left corner of the Gene Inspector window contains tools allowing
you to search for genes having similar expression profiles to the gene currently displayed.

* Find Similar—Allows you to search for genes with similar expression profiles to the
gene being inspected. Each gene expression profile must have the required minimum
correlation to be considered similar. The higher the minimum correlation (maximum
1), the closer the gene expression profiles must be. Enter this number in the Minimum
correlation box above the Find Similar button. For information on using the Find Sim-
ilar function, see “The Find Similar Command” on page 6-6.

+ Complex Correlation—Allows you to make a gene list comparing the gene being
inspected to genes having similar expression profiles in multiple experiments, with
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more complex parameters than the Find Similar tool allows. For information on using
the Complex Correlation function, see “The Find Similar Genes Window” on page 6-7.

* Save As Expression Profile—Allows you to save your gene expression profile as an
expression profile, which you can use to make lists. For information on making lists
from expression profiles, see “Creating Expression Profiles” on page 6-15.

Lists Containing Your Gene

In the bottom center of the Gene Inspector window is a navigator for the lists containing
your gene. Select a list to view the Inspect List window. For information about this win-
dow, see “The Gene List Inspector” on page 4-20.

Searching Internet Databases

In the Windows version of GeneSpring, you can set up the Gene Inspector window to
search public databases. See “The New Genome Installation Wizard” on page 2-2.

To configure a web browser with a Macintosh, go to Edit > Preferences >
Browser and enter the appropriate pathway.
Notes Section

In the upper left corner of the Gene Inspector window, under the Gene Identification Sec-
tion, is an area where you can make notes. To save these notes, click Save Notes.

The Sample Inspector

The Sample Inspector allows you to view and edit detailed data on a particular sample. It
can be accessed by clicking the Inspect button in the Sample Manager, or by right-
clicking on a sample in the navigator and selecting Inspect.

% Sample Inspector

Sample Name Mergen Ratl1_ORFs td

Author(s) |ru1ereclith Tanner

Research Group |self

Organization marketing

Identifier begaz 312

Created Sun Jun 22 17:45:28 PDT 2003
Application Full GeneSpring &

MNotes

Figure 4-7 The upper half of the Sample Inspector Window

The Sample Inspector screen has two sections.The upper section contains basic informa-
tion about a sample

Weblinks buttons appear in the upper right portion of the window only if there are web
links associated with the genome containing the sample. These link to LIMS-type data-
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bases. For more information on weblinks in genomes, see page 4 in the Genome Installa-
tion Wizard section.

The lower section contains four tabbed menus from which you can view or edit a variety
of information about the sample being inspected. Click a tab to view the available options.

Attributes and Parameters

Attributes and Parameters |Simi|ar Samples | Associated Files | Graph |

Sample Attributes
Attribute Name |Value |Units |Required |J New.Aﬂribute|
DiseasediMormal diseased Recommended

| Esitatrine |

[~
Experimental Farameters
Experiment Name Parameter Hame Value |Units |J
Really Huge Rat File Mame Mergen Ratd1_ORFs.bd %
[~

Figure 4-8 The Attributes and Parameters tab

There are two lists visible on this screen: the Sample Attributes list and the Experimental
Parameters list.

In the Sample Attributes list, you can view the attributes of the sample being inspected.
You can also add, remove, or edit any of these attributes.

The Experimental Parameters list displays parameters assigned to this sample in any
experiment. Since a sample may be part of several experiments, you cannot edit experi-
ment parameters from this screen. For information on how to edit experiment parameters,
see “Experiment Parameters” on page 3-29.

To add a new sample attribute, click New Attribute. The Sample Attribute screen
appears.
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% Sample Attribute

Sample Attrihute Description
Attribute Name
v i Age ~

Array Design

Author

Common Reference (Yes/Ma, ID)

Concentration %

Data processing/normalization

Developmental Stage v

" Custom |

Attribute Value
© | [~

+ Custom

Attribute Units
© | =

+ Custom |

[ Attribute is numeric

| Cancel| Help |

Figure 4-9 The Sample Attribute window

You can specify the following on this screen:

+ Attribute Name—The name of the attribute being added. You can select a standard
attribute name from the scrolling list, or select the Custom radio button and enter a
new attribute name.

» Attribute Value—The value of the attribute being added. For many standard
attributes, there is a default value. You can accept the default or select the Custom
radio button and enter a new value.

+ Attribute Units—The units in which the attribute is measured. For many standard
attributes, there is a default unit. You can accept the default or select the Custom radio
button and enter a new unit. If the unit is numeric, check the Attribute is
numeric box.

When you are done, click OK to save your new attribute and return to the Sample Inspec-
tor.

To remove an attribute, select it in the Sample Attributes list and click Remove.

To edit an attribute, select it in the Sample Attributes list and click Edit
Attribute. The Sample Attribute screen appears. Proceed as you would if you were
adding a new attribute.

The Similar Samples Tab

This tab lists the correlation between the current sample and the samples in the currently
selected experiment. This list appears only when an experiment containing the sample is
selected.

You can click any of the samples in this list and view them in another Sample Inspector
window by clicking View Sample.
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The Associated Files Tab

This tab lists any files that may be associated with the sample, including data files, array
images, sample images, etc. If there is a sample image included among the associated
files, it is displayed in the Sample Image panel to the right of the list.

You can re-order the files in this list by clicking the property to sort by in the list headers.
For example, to sort by file type rather than file name, click the File Type column
header.

From this screen you can do the following:

Add File—To add a file, click Add File and select the desired file from the Browse
menu that appears. You can also drag and drop a file directly from the desktop into the
Associated Files list.

Extract File—To save (extract) a file in the list to another location, select the desired
file from the list and click Extract File. Choose a location from the Browse menu
and click save. This does not remove the file from your list. It simply places a copy of
the file in a new location.

Delete File—To remove an associated file, select it in the list and click Delete.

View File—Select a file name in the list and click View File to view the contents of
the file in an external program. The appropriate program to display is selected automat-
ically the file if the file type is known.

View Data File Format—Click to display the column assignments for the selected file
as it was loaded into GeneSpring.

The Graph Tab

This view is available only if an experiment containing the current sample is selected. It
displays a graph of the raw sample data.

The Experiment Inspector

Just as you can inspect a gene with the Gene Inspector window, you can inspect experi-
ments with the Experiment Inspector window.

1.

Accessing the Experiment Inspector

Right-click over the name of any experiment in the navigator.

2. Select Inspect from the pop-up menu.
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%, Experiment Inspector

Experiment Mame h’east cell cycle time series (no 90 min)

Author(s) |T\,rpe-‘r’our—Name—Here

Research Group |Si|icon Genetics

Qrganization Demo User

Identifier Htizy:1

Created Tue Jun 19 10:22:27 POT 2001
Motes

—H

Farameters | |nterpretations Nnrmalizatiuns| Cnlnrbar|Assuciated Files

Sample Name |time I i‘
Sample 1  |veasttimeseriestdcolumn2 0

Sample 2 |veasttimeseries bt column 3 10

Sample 3 |veasttimeseriestdtcolumn 4 20

Sample 4 |veasttimeseriesttcolumn s (30 j

Edit Parameters... | ‘

Ok Cancel

Figure 4-10 The Experiment Inspector window

The upper section of the Experiment Inspector window contains the experiment informa-
tion. You can edit the text in the white boxes as desired. Below this are five tabs. Click a
tab to view its contents.

There are two buttons at the bottom of the window, regardless of which tab is active. Click
the OK button to save your data and exit the window. Click Cancel to close the Experi-
ment Inspector without saving any changes.

The Parameters Tab

On the Parameters tab you can view the experiment parameters and their possible values.

Click Edit Parameters to view the Change Parameters window. See “Experiment
Parameters” on page 3-29 for details on this window. When you click OK, any changes
you make are saved and applied to your experiment.

To view details on a particular sample, select it in the list and click Inspect Sample.
This invokes the Sample Inspector window. For more information about the Sample
Inspector, see “The Sample Inspector” on page 4-13.

The Interpretations Tab

This tab allows you to view all the interpretations associated with the selected experiment.
Click on an interpretation in the list to select it. To edit an interpretation, double-click it or
select it in the list and click Edit Interpretation. The Change Interpretation win-
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dow appears. When you click OK, any changes you make are saved and applied to your
experiment.

The Normalizations Tab

This tab allows you to view the normalizations currently being used in your experiment.
To edit normalizations, click Edit Normalizations. The Experiment Normaliza-

tions window appears. See “Experiment Normalizations” on page 5-2 for details on this
window. Click OK to save your changes.

To view a more detailed description of a particular normalization, select its name in the list
on the Normalizations tab and click View Text Description. A dialog appears with
a description of the selected normalization. You can copy the text in this dialog to the key-
board by clicking Copy to Clipboard. You can then paste the text into a text editor.

The Colorbar Tab

Use this tab to edit the default range of expression in your experiment’s coloration
scheme. You can also specify whether or not to show trust on the colorbar by clicking the
radio button next to your preferred choice. Click OK to save your changes or Cancel to
exit without saving.

Use this tab to view the default range of expression in your experiment’s coloration
scheme. You can also see whether or not trust is shown on the colorbar by clicking the
radio button next to your preferred choice.

For more information about the range of expression and how it affects the coloration of
your experiment, see “Changing the Colorbar Range” on page 4-32

The Associated Files Tab

This screen lists any files that may be associated with the experiment, including data files,
array images, sample images, etc.

From this screen you can do the following:

» Add File—To add a file, click Add File and select the desired file from the Browse
menu that appears. You can also drag and drop a file directly from the desktop into the
Associated Files list.

« Extract File—To save (extract) a file in the list to another location, select the desired
file from the list and click Extract File. Choose a location from the Browse menu
and click save. This does not remove the file from your list. It simply places a copy of
the file in a new location.

* Delete File—To remove an associated file, select it in the list and click Delete.

* View File—Select a file name in the list and click View File to view the contents of
the file in an external program. GeneSpring automatically selects the appropriate pro-
gram to display the file if the file type is known.

The Condition Inspector

A condition is a unique combination of parameters as applied to your sample. Each condi-
tion may be a single sample or a group of replicate samples combined based upon the
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parameter values defined for each sample. The easiest way to think of this is as the param-
eters under which the sample(s) was observed. If you have no replicates, condition and
sample can be considered synonymous.

1.

Open the Experiment folder in the navigator by clicking on its icon.

. Click the + sign next to the experiment icon.

2
3.
4
5

Click the + sign next to the interpretation icon.

. Right-click over a condition.

. Select Inspect from the pop-up menu.

% Condition Inspector

Condition Name: time 0
Experiment: Yeast cell cycle time series (no 90 min)
Experiment Interpretation:  Default Interpretation

Mode of Analysis: Log

:Samples and Parameters:| similar Conditions | Pictures | Graph |

Samples Combined in this Condition

Sample HName |time |J
yeasttimeseries td column 2 1]

Experimental Parameters Defining this Condition

Parameter Hame |Value Units |J Change Parameters
time 1] minutes

Close Help 1of16 ==

Figure 4-11 The Condition Inspector window

The Samples and Parameters Tab

This tab contains two sections:

Samples Combined in this Condition—Lists the samples in the selected
condition. Select a sample and click View Sample to invoke the Sample Inspector
for that sample. See “The Sample Inspector” on page 4-13 for more information.

Experimental Parameters Defining this Condition—Lists the
parameters associated with this condition. To edit parameters, click Change Parame-
ters. For more information on the Change Parameters window, see “Experiment
Parameters” on page 3-29.

The Similar Conditions Tab

This tab contains a list of similar conditions in the experiment with columns correspond-
ing to their associated values.
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Condition Mame: time 0

Experiment: Yeast cell cycle time seriek(no a0 min}
Experiment Interpretation:  Default Interpretation

Mode of Analysis: Log

Samples and Parameters  Similar Conditions |Pictures | Graph|

Correlation Experiment Name |time |;
04812 east cell eycle time series {no 80 min) 10

0.293 east cell eycle time series {no 80 min) 30

0.227 east cell eycle time series {no 80 min) 20

0222 east cell eycle time series {no 80 min) a0

0207 east cell eycle time series {no 80 min) T0

018 east cell eycle time series {no 80 min) 120

0176 east cell eycle time series {no 80 min) 40

0.151 east cell eycle time series {no 80 min) B0

0149 east cell eycle time series {no 80 min) a0

0144 east cell eycle time series {no 80 min) 160

0.07549 east cell eycle time series {no 80 min) 110

0.071 east cell eycle time series {no 80 min) 130 _
0.05349 east cell eycle time series {no 80 min) 140

nn?A7 Yaact eall rerla time sarips fnn Q0 mind 1nn ﬂ

_View Condion. |
Ciose| _rep | qore - | > |

Figure 4-12 The Similar Conditions tab

The Correlation column lists how closely correlated the other conditions in the experiment
are to the one under inspection. The conditions are listed from most closely correlated to
least correlated. This feature uses “standard correlation” to measure the similarity of the
selected condition and all others in the experiment. This cannot be changed. To use
another metric, you must create a script using the “Condition Correlation” building block.
For details on creating scripts, see “Creating Scripts” on page 8-13.

The Pictures Tab

This tab displays the sample images, if any, associated with this condition. Double-click
an image to view it at its full size.

The Graph Tab

Displays the condition in graph form.

The Gene List Inspector

You can view the contents of a gene list and its creation method using the Gene List
Inspector window. This window is especially useful for learning about lists identified
using the Similar List function.
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% Gene List Inspector - ACGCGT in all ORFs (556 genes)

Gene ListName |ACGCGT in all ORFs 10
Author(s) |Eric Boyer 3
Research Group |Si|icon Genetics % d
Organization Silicon Genetics % - 19
: : 2 E
Identifier fnord: 100 = ]
Created Wed Aug 15 05:58:30 PDT 2001 % i
[~ Use as Standard List = g4
=3 -
MNotes E 3
= ]
g ]
S 4
= i time {minutes)
0 10203040 50607080 100 120 140 160
Gene List | similar Lists | Associated Files |
Mumber of Genes: 556 Configure Columns... |I
Gene Name |Distance promoter acgcgt upstream |Descriptiun il
YMRO7IC 990
YGELOTIW 471 heat shack transcription factor
YORSUIW 970
YBROGIC Qg2 Frobable phosphopanthethein-hinding pratein
YFLOGOC Qg2 member of the stationary phase-induced gene family
YHL3II4C 959 Induced in stationary phase
YER 259 954 -

Save to File... | Print List... | Copyto Clipboard | Find Regulatory Sequences... | Edit Gene List...

QK | Cancel| Help |

Figure 4-13 The List Inspector window

The history of the selected gene list is displayed the upper left corner of the window. You
can edit the information in these fields.

In the upper right corner of the window is a browser graphing your list. Right-click on the
graph for a menu of options. See “Using the Genome Browser” on page 4-2 for informa-
tion on browser options.

Below this section there are three tabs containing a variety of options. Click a tab to view
its contents. At the bottom of the screen, regardless of which tab is active, are three but-
tons. Click OK to save your changes and exit. Click Cancel to exit without saving. Click
Help to view available documentation for the Gene List Inspector.

The Gene Lists Tab

This tab displays a table of all the genes included in the selected list. Double-click a gene
or cell in this table to view a Gene Inspector window for the selected gene. See “The Gene
Inspector” on page 4-10 for information on the Gene Inspector window. Click on any col-
umn header in the displayed gene list to sort the table by the values in that column.

From this tab, you have the following options:

* Configure Columns—Allows you to select which columns to display on the Gene
Lists tab. You can choose from any of the columns in your Master Table of Genes
except the Sequence column.

+ Save to File—Allows you to save the entire gene list as a plain text file.

¢ Print List

Prints the selected gene list.
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+ Copy to Clipboard—Copies the contents of the gene list to the clipboard. You can
then paste the list into another application, such as a text editor.

* Find Regulatory Sequences—Opens the Find Potential Regulatory Sequences win-
dow with the current gene list pre-selected. This button is available only if the genome
is fully sequenced. For more information on this window, see “Regulatory Sequences”
on page 6-18.

+ Edit Gene List—Opens the Gene List Editor window. For more information, see “Cre-
ating and Editing Gene Lists” on page 6-2.

The Similar Lists Tab

This tab displays names of lists resembling the selected list, or containing a statistically
significant number of overlapping genes.

There are two ways to view these lists:

» List View—Displays a simple two-column list. In this view, statistical significance is
listed as the p-value for each of the similar lists.
+ Navigator View—Displays a navigator-style listing.

Right-click a list to print or copy. Double-click a list to view a Gene List Inspector win-
dow for that list.

The Associated Files Tab

This screen lists any files that may be associated with the selected gene list, including data
files, array images, sample images, etc.

From this screen you can do the following:

e Add File—To add a file, click Add File and select the desired file from the Browse
menu that appears. You can also drag and drop a file directly from the desktop into the
Associated Files list.

« Extract File—To save (extract) a file in the list to another location, select the desired
file from the list and click Extract File. Choose a location from the Browse menu
and click save. This does not remove the file from your list. It simply places a copy of
the file in a new location.

* Delete File—To remove an associated file, select it in the list and click Delete.

* View File—Select a file name in the list and click View File to view the contents of
the file in an external program. The appropriate program is automatically selected if the
file type is known.

The Classification Inspector

The Classification Inspector allows you to learn about the method used to construct a clas-
sification or to learn more about the variability explained by each class within a classifica-
tion. To use the Classification Inspector, right-click a classification in the navigator panel
and select the Inspect option.
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% Classification Inspector

Mame hU cluster K-Means for P: CALCINEURIN-CRZP1 PATHWAY STUDY
Author(s) |Sunshine Fuller

Research Group |Si|icon Genetics

QOrganization Internal

Identifier udwvr:4423

Created Thu Apr 17 12:20:57 PDT 2003
Application GeneSpring 6

Directory Location  =Top Level=
MNotes
K-means clustering of gene list all genes based on the following interpretation(s): interpre

< >

Clasgsification Details
Selected Gene List ACGCGT in all ORFs

Class Total # of Genes | Number in Gene List
1 |Unclassified 784 1]
All Classes T84 1]

QK | Atlachments| Cancel| Help |

Figure 4-14 Classification Inspector for a k-means clustering with 10 groups

In Figure 4-14, the notes field contains information about the method used to make the
classification. If the classification is the result of clustering, this field displays information
such as the type of clustering, the distance metric, and the number of iterations that were
used to perform the clustering. You can save your own comments about the classification
here for future reference. The bottom half of the Classification Inspector contains a table
with three columns:

* Class—the name given to each class
* Genes—the number of genes in each class

* Average Radius—the root mean square of the Euclidean distances between each gene
and the centroid of each class. Classes with large radii are spread out and classes with
small radii are tightly grouped.

Percent Explained Variability

In the Classification Inspector, there is an improved formula for calculating percentage
explained variability. This new formula properly weights classes by the number of genes
in each class.

Let:
¢ be the number of classes (including “unclassified”, but not “no data™).
n be the total number of genes with data.
n; be the number of genes with data in class i.
D, be the distance of each class centroid from the overall data centroid.

d;; be the distance of each gene from the centroid of its class.
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Calculate:
C

B = Z n,-D,2
i—1

c N
D IDILT

i-1j-1

_ W/(n—c) _
E = 100xmax(l—m,0) (Ichn then E=0

E is the percent variability explained.

Note that the percent explained variability depends on the selected experiment, and the
selected gene list. It is calculated using Euclidean distance of the gene expression profiles
of the conditions interpreted in the interpretation made (ratio, log, fold). Details about the
number of genes in each class matching the selected gene list, and the number of those
with available data, are shown in the class table. Any of these lists of genes can be exam-
ined by selecting a table cell with a Gene count and clicking on Make Gene List of
Selected Cell.

References for the Classification Inspector

Calinski, T. and Harabasz, J. (1974) A dendrite method for cluster analysis. Communica-
tions in Statistics, 3, 1-27.

Gordon, A. D. Classification, 2nd Ed. Monographs on Statistics and Applied Probability
82. Chapman & Hall/CRC, Boca Raton (1999).
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Display Options

Linked Windows

Allows you to select one gene or gene list in two windows simultaneously. Simply select a
gene or gene list in one window and the same gene or gene list is automatically selected in
the other window.

To create a linked window, go to the File menu and select New Linked Window.

Split Windows

Another interesting way to view classifications is with the Split windows function. The
Split windows feature allows you to see multiple sets simultaneously in the main Gene-
Spring screen.
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Figure 4-15 Example of a k-means clustering
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Figure 4-16 A split window

In Figure 4-15, the example represents a k-means clustering, colored by expression values.
Note the list name and number of genes shown in the upper right corner of each small
screen. In this instance, the names are set numbers from the original k-means clustering.

To reach the split windows command, right-click over any item in the classification folder

or any folder of classifications and move the cursor down to Split window. A small

pop-up menu appears.

Select one of the options. The main screen of the genome browser splits into several small

screens. Notice the number of genes beneath each small screen. In addition, clicking any

classification automatically splits the window in both directions.

Note: In the Eisen-like subtree view, the thumbnail of the full tree remains in its usual
position, but no marquee is shown specifying the subtree that has been zoomed in
on. Each classification shows the same subtree.

To unsplit the screen, select View > Unsplit window or right-click over the original
data object and select Split > Neither.

You can also hide the labels appearing in the main window.

All of the Hide and Show commands are simple toggle switches. Re-select that option to
show what has been hidden. You may have to enlarge your screen before you can see all

the labels.

Bookmarks

If you ever need to pause in the midst of your analysis, you can create a Bookmark to hold
your place. The Bookmark saves all your current display settings, including experiment,
gene list, coloration, and selected genes.
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Creating a Bookmark

1. Go to the File menu and select Save Bookmark. The Save Bookmark dialog box
appears.

2. Name your bookmark.

3. Click save.

Accessing an Existing Bookmark

1. Click the Bookmarks folder in the navigator.

2. Click the name of any bookmark to open.
Or:

1. Goto File and select Load Bookmark File. The Load Bookmark dialog box
appears.

2. Select your bookmark.
3. Click open.

The Vertical Axis

In Graph, Graph by Genes, Bar Graph, Scatter Plot, and 3D Scatter Plot modes, the dis-
play options window contains a panel for modifying the presentation of data on the verti-
cal axis. The following section describes the vertical axis options for each of these views
except the scatter plot views (see “Scatter Plot Display Options” on page 4-45 and “3D
Scatter Plot Display Options” on page 4-49).

The Display Options window allows you to select the experiment interpretation that is
graphed. To change the current interpretation:

1. Select view > Display Options....

2. Click the Vertical Axis tab.

3. Select an interpretation from the Display Options navigator panel.
4. Click Graph Experiment>>.

5. Click Apply.

The vertical axis display format can be altered by modifying the experiment interpretation
or by using the display options window. If the vertical axis format is modified in the dis-
play options window, this new format overrides the display settings within each interpreta-
tion. To modify the vertical axis format using the display options window:

1. Select View > Display Options....
2. Click the Vertical Axis tab.

3. Uncheck the Lock Vertical Axis Format to the Interpretation
checkbox.

4. Select a value to graph (Normalized, Control, Raw, Average of Raw and Control, or
Max of Raw and Control).
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5. Select a graph mode (Linear, Logarithmic, or Fold Change)

6. To adjust the vertical axis so that all measurements are visible, check the Scale Verti-
cal Axis to Show all Values box. The upper and lower bounds are adjusted automati-
cally. Alternatively you can manually set the upper and lower bounds to values of your
choosing.

7. Click Apply.

In addition to the vertical axis format, you can also modify the tick spacing on the vertical
axis. Unlike the vertical axis format, the tick spacing is not specified in the interpretation.
To manually adjust the tick spacing:

1. Select View > Display Options....
. Click the Vertical Axis tab.

2

3. Uncheck the Automatic Tick Spacing on Vertical Axis box.

4. Enter the distance between major ticks in the Major Tick Interval ficld.
5

. Enter the number of divisions between major ticks in the Minor Ticks per Major Tick
field. Note that the number of visible tick-marks between major ticks is one less than
the number you enter.

6. Click Apply.

Error Bars

You have the option of using error bars in the Graph and Scatter Plot views. To turn the
error bars on, right-click in the genome browser and select Display Options. Click
the Error Bars tab. The error bars are visible in the Gene Inspector as well as in the main
GeneSpring window.

You can choose one of the following three kinds of error bars:
» Standard Error

» Standard Deviation

*  Minimum/Maximum Value of Each Gene

In Figure 4-15, the example represents a k-means clustering, colored by expression values.
Note the list name and number of genes shown beneath each small screen. In this instance,
the names are set numbers from the original k-means clustering.

Legend

You can specify what information to display in most views using the Legend tab on the
Display Options screen.

1. Select View > Display Options....
2. Click the Legend tab.

3. Check the Show Legend box to display the information you specify. Uncheck the
box to show no text information.
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4. Check or uncheck these options as desired.
5. Click Apply. Your changes are applied to the display in the main GeneSpring window.

The available options depend on whether they are applicable to the current view.

Legend Options

Selected Object in Navigator

Displays the following:

* In Tree view, the name of the selected gene tree and condition tree
* In Array Layout view, the name of the array layout

* In Pathway view, the name of the pathway

Experiment(s) Plotted on Axis

Displays the following:

* The name of the experiment and interpretation being displayed on the Y Axis. This is
available in the following views: Graph, Graph by Genes, Bar Graph, Scatter Plot, and
3D Scatter Plot.

* The name of the experiment and interpretation (or gene list and type of associated val-
ues) being displayed on the X Axis. This is available in the Scatter Plot and 3D Scatter
Plot views.

* The name of the experiment and interpretation (or gene list and the type of associated
values) being displayed on the Z Axis. This is available in the Scatter Plot and 3D Scat-
ter Plot views.

Split Window Information

Displays the name of the Classification or Gene List folder used to split the window.
Coloring Information

Displays different information depending on the coloring scheme selected:

* Color by Expression—The name of the experiment, interpretation, and condition used
for coloring. For experiments with continuous numeric parameters, the “condition”
may actually be an interpolation between two measured conditions. In Scatter Plot and
3D Scatter Plot views, the parameter value is also displayed since it affects where the
genes are graphed.

» Color by Significance—The name of the experiment, interpretation, and condition
used for coloring. For experiments with continuous numeric parameters, the “condi-
tion” may actually be an interpolation between two measured conditions. In Scatter
Plot and 3D Scatter Plot views, the parameter value is also displayed since it affects
where the genes are graphed.

* Venn Diagram— displays “Venn Diagram”

* Color by Parameter—If the experiment has parameters designated as color codes,
displays the name of the experiment, interpretation, and parameter(s) used for coloring.
In Scatter Plot and 3D Scatter Plot views, the parameter value is also displayed since it
affects where the genes are graphed.
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* Color by Classification—The name of the Classification or Gene List Folder used for
coloring.

Equation for Line of Best Fit

(Scatter Plot view only) If Line of Best Fit is selected, displays the equation for the line of
best fit (data-dependent).

Error Bar Information

Displays whether the error bar is based on Standard Error, Standard Deviation or the mini-
mum/maximum data values, and whether the error/deviation information is based on
within-sample information or between-sample information. This is available in the follow-
ing views: Graph, Graph by Genes, Bar Graph, Scatter Plot, and 3D Scatter Plot.

Gene List and Information on Selected Genes

Displays the name of the selected gene list, the number of genes in the gene list, and the
name of the selected gene (if only one is selected) or the number of selected genes (if mul-
tiple are selected).

Secondary Gene List Name

If a secondary gene list is being displayed, this displays the name of the secondary gene
list and the number of genes in this list

Condition or Gene List Sorted By

In the Graph by Genes View, displays the name of the gene list or the name of the condi-
tion, experiment and interpretation used to sort the genes on the X Axis.

Color

Color by Expression

This option colors genes according to their normalized expression values and trustworthi-
ness. To color your genes by expression, select Colorbar > Color by Expres-
sion or select the Expression option from the Coloring tab in the Display Options
dialog.

Expression

The vertical axis of the colorbar represents expression levels on a continuous scale. Using
the default colors, red indicates overexpression, yellow indicates average expression, and
blue indicates underexpression. Genes are colored by their expression level in the selected

condition as indicated by the condition line. If you have specified the parameter on the
horizontal axis to be continuous, expression levels in between conditions are interpolated.

Trust

The horizontal axis of the colorbar indicates the degree to which you can trust your data,
where dark or unsaturated colors represent low trust, and bright, saturated colors represent
high trust. GeneSpring uses the following guidelines to automatically create trust values:

* In two-color experiments, the trust value is usually the control channel (typically
Cy5), unless you do a per chip normalization in which case it is:

(the control channel) x (the median of the control channel) x
(the median of the signal channel)
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For Affymetrix and other one-color experiments, the trust value is constructed based
on the normalizations you have chosen. If you accept the default normalizations for
Affymetrix data (use distribution of all genes using the 50th percentile and normalize
to the median for each gene), then trust is:

(the median value of the chip) x (the median value of the gene)

If you choose to use distribution of all genes using the 50th percentile and normalize to
sample(s), trust is calculated as follows:

(the median value of the chip)
X
(the average of the gene's measurement in control samples)

Changing Colorbar Settings

To set the trust interpretation:

1.
2.

Right-click the colorbar.

Click set Coloring. The Display Options screen appears, with the Coloring tab
pre-selected.

. Click set Colorbar Range. This button is active only when coloring by expres-

sion.

The Colorbar Range dialog appears.

% Colorbar Range

v :Use Experiment Default Values:

Setthe Range of Expression Labels

11

Setthe Trust Cutoffs
v

o~

QK | Cancel| Help | Defaults|

Figure 4-17 The Colorbar Range dialog

To enable custom settings, uncheck the Use Experiment Default Values
box.

. Enter values for High Control Strength, Medium Control Strength, and Low Control

Strength.

(optional) By default, trust is shown on the colorbar. To disable this, select the Do not
show trust on colorbar radio button.

To save these settings as the default for this experiment, check the Save As Exper-
iment Default box. If you leave this box unchecked, your changes will affect the
display options only in your current session.
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8. Click oK.
Changing the Colorbar Range

1. Right-click over the colorbar and select Set Coloring from the pop-up menu.

2. Select Color by Expression from the pull-down menu.

3. Reset the values determining the intensity of the colors used by the genome browser.
4. Click OK.

There are six categories you can change:

* High Expression—High expression refers to the normalized expression of your genes,
it is the vertical axis of the color bar. The default for this is 6.0.

* Normal Expression—For most normalization procedures the data are normalized to
1.0. The default for this is 1.0.

* Low Expression—For most normalization procedures the data do not have negative
numbers. The default for this is 0.0.

For example, you could change the usual range of an experiment to high = 10, normal = 5
and low = -2 resulting in a very different color scheme once you click OK.

There is no Edit > Undo (Ctrl+2) function for this type of change. To return to your
previous coloration scheme, you must re-open the Experiment Data Range pop-up win-
dow and enter your old values.

For more details on trust, see “Trust” on page 4-30. For more details on normalization, see
, “Normalizing Data”.

Color by Significance

Data are colored based on how far the gene is over- or underexpressed (relative to a nor-
malized expression level of 1), in terms of the standard error of the measurement. The
standard colorbar is replaced with a colorbar ranging from +3c to -3c. The standard error
model is based on the Cross-gene Error Model, if the Cross-gene Error Model is turned on.
(For more information about the Cross-gene Error Model, see “Cross-gene Error Models”
on page 3-44.) Otherwise the standard error is based on the standard deviation of the repli-
cate data for a particular gene and condition (for information about the calculation of this
error, see “The Gene Inspector” on page 4-10).

To color your genes by significance, select Colorbar > Color by Signifi-
cance or select the Significance option from the pull-down menu on the Coloring
tab in the Display Options window.

Color by Venn Diagram

This option colors genes based on their membership in one or more gene lists in a Venn
diagram. To assign a gene list to the Venn diagram:

1. Select Colorbar > Color by Venn Diagram or select the Venn Diagram option
from the pull-down menu on the Coloring tab in the Display Options window.

2. Drag the list from the navigator to the appropriate section of the venn diagram at the
right side of the window.
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You can also assign the circles in a Venn diagram by right-clicking on a gene list and
selecting the Venn Diagram option. For more information about creating Venn diagrams
and using them for analysis, see “Making Lists with the Venn Diagram” on page 6-13.

Color by Parameter

This option colors genes based on the value of parameters. This coloring scheme is best
suited for use with Graph view and Bar Graph view when different conditions are indi-
cated with discrete symbols.

To color by parameter:
1. Select Experiments > Change Experiment Interpretation.

2. Choose the parameter(s) to color by and click Color Code for that parameter. Click
Save to create a new interpretation.

3. Select Colorbar > Color by Parameter.
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Figure 4-18 An experiment colored by parameter

You can also choose to color by parameter from the Display Options menu:

1. Select view > Display Options and click the Coloring tab.

2. Select an experiment from the navigator on the left side of the Display Options menu.
3. Click the Set Experiment button.

4. Click OK.
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No Color

This option allows you to view genes with no coloration, showing all genes in gray. To
implement this option, select Colorbar > No Color. You can also select a single
color in which to display genes by selecting the Solid Color option from the pull-

down menu on the Coloring tab in the Display Options menu.

Color by Classification

This coloring scheme allows you to color-code the genes by some previously defined

knowledge about them. You can use a folder of lists to color by classification or a classifi-

cation method such as k-means or SOM.

To color by a previously saved classification:

1. Open the Classifications folder by clicking its icon.

2. Select a classification by right-clicking over the name.

3. SelectUse Coloring from the pop-up menu and GeneSpring automatically updates

to reflect the new coloring scheme.

The colorbar shows the names of the sets present in the chosen classification.
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Figure 4-19 A Split Window, colored by Classification

You can also color by classification using the Display Options window:

1. Select view > Display Options and click the Coloring tab.

2. Select a classification from the navigator on the left side of the Display Options win-

dow.

3. Click Set Experiment.

4. Click OR.
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Split Window and Color by Classification
You can also use the Split Window feature with the Color by Classification scheme.
1. Select a gene list to view.

2. Right-click over a folder or a previously saved classification and select Use as
Classification.

3. Right-click over that folder again and select Split Window > Both.

Color by Secondary Experiment

The Graph and Scatter Plot displays lend themselves to being colored in many different
ways because the display presents expression levels of the genes through the entire exper-
iment. These are the only views in which you may choose to color the genes by a second-
ary experiment. This means the color of each gene line graphed correlates to the
expression level of that gene in a different experiment, at the point in the second experi-
ment marked by the secondary scroll bar.

1. From the navigator, open the Experiments folder by clicking on its icon.

2. Position your cursor over an experiment (not the one currently displayed) you want to
use for coloration.

3. Right-click and select Set Secondary Experiment from the pop-up menu.
The coloring scheme of the genome browser is shown in the colorbar on the right. There
are two versions of the animation controls in the Experiment Specification Area.
Changing the Default Colors

You can change the colors used to display the genes. This does not affect interpretation of
your data, but it can help you to make genes more visible on-screen or make it easier to
print screen shots.

1. SelectEdit > Preferences and click the Color tab, or click the Change
Colors. .. button on the Display Options > Color tab.

2. Select the type of information whose color you want to change and click Change.

3. Adjust the sliders until the color you want is displayed in the preview window at the
top of the Structure Color window.

4. Click OK.

For more details about the other options in the Preferences window, see “Setting Prefer-
ences” on page 1-18.
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Blocks View

This view displays a rectangle for every gene in the active genome, ordered by trust. To
choose the Blocks view, select View > Blocks.
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Figure 4-20 The Blocks View

Blocks View Display Options

The following display options are available in blocks view:

» Features—The available options for this view are listed below.
* Coloring—See “Color” on page 4-30.
* Legend—See “Legend” on page 4-28

Features

The Features panel of the display options window contains a column of check-boxes that
allow you toggle on or off certain items in the genome browser.

* Color by all conditions — Divides the genes into sections representing multiple condi-
tions, so that all conditions in the selected interpretation can be viewed simultaneously.
Using this feature disables the condition slider at the bottom of the genome browser.

* Show unclassified Group When Splitting the Window—When the window is split,
this option displays the genes that were not put into any classification into their own
section of the genome browser.
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Graph View

The Graph view allows you to visualize one experiment or a set of experiments by plotting
the relative expression of each gene against experimental parameters, such as time or drug
concentration. Each gene is represented as a line. To choose the Graph view, select View
> Graph.

Note: Genes with no data cannot be displayed in this view.

The Graph option consists of two views: the continuous graph view and the histogram
view, which appears if the experiment being displayed contains any non-continuous
parameters.
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Figure 4-21 The Graph view

The figure above shows the genes in the “all genes” list in Graph view. The gene in white
has been selected; its name appears in the legend, after the name of the gene list.

Graph View Display Options

The following display options are available in graph view:

* Vertical Axis—See “The Vertical Axis” on page 4-27.

* Features—The available options for this view are listed below.

* Lines to Graph—The available options for this view are listed below.
* Coloring—See “Color” on page 4-30.

*  Error Bars—See “Error Bars” on page 4-28

* Legend—See “Legend” on page 4-28
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Lines to Graph

You have the option to draw grid lines to help distinguish distinct groups of data points. To
modify the use of lines:

1. Select View > Display Options. .. or right click anywhere in the genome
browser and select Display Options.

2. Click the Lines to Graph tab.

3. To see a grid inside the plot area, you can have lines drawn at the major and minor tick
intervals of each axis. Check any of the the Major Intervals/Minor Inter-
vals boxes and click Apply to view your data with grid lines.

Features

The Features panel of the display options window contains a column of check-boxes that
allow you toggle on or off certain items in the genome browser.

* Show Experiment Name—Displays the name of the current experiment in the upper
right-hand corner of the genome browser.

* Show Horizontal Axis Label—Displays the parameter that is graphed on the horizon-
tal axis.

* Show Vertical Axis Label—Displays the parameter that is graphed on the vertical
axis.

* Label Vertical Axis on Side—Displays the vertical axis label vertically. If this is
unchecked the vertical axis label sits to the right of the top of the vertical axis.

* Show Condition Line—Displays the vertical bar that can be moved with the condition
slider.

* Show unclassified Group When Splitting the Window—When the window is split,
this option displays the genes that were not put into any classification into their own
section of the genome browser.
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Bar Graph View

The Bar Graph view allows you to visualize one experiment or a set of experiments by
plotting the relative expression of each gene against experimental parameters, such as time
or drug concentration. Each gene is represented as a vertical bar. To switch to Bar Graph
view, select View > Bar Graph.

Note: Genes with no data cannot be displayed in this view.
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Figure 4-22 The Bar Graph view

The figure above shows a Yeast cell cycle time series in Bar Graph view.

Bar Graph View Display Options

In bar graph view, the following display options are available:

* Vertical Axis—See “The Vertical Axis” on page 4-27.

* Features—The available options for this view are listed below.

* Lines to Graph—The available options for this view are listed below.
* Coloring—See “Color” on page 4-30.

* Legend—See “Legend” on page 4-28

Lines to Graph

GeneSpring provides the option to draw grid lines to help distinguish distinct groups of
data points. To modify the use of lines:

1. Select View > Display Options...
browser and select Display Options.

or right click anywhere in the genome
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Click the Lines to Graph tab.

To see a grid inside the plot area, you can have lines drawn at the major and minor tick
intervals of each axis. Check any of the the Major Intervals/Minor Inter-
vals boxes and click Apply to view your data with grid lines.

Features

The Features panel of the display options window contains a column of check-boxes that
allow you toggle on or off certain items in the genome browser.

Show Horizontal Axis Label—Displays the parameter that is graphed on the horizon-
tal axis.

Show Vertical Axis Label—Displays the parameter that is graphed on the vertical
axis.

Label Vertical Axis on Side—Displays the vertical axis label vertically. If this is
unchecked the vertical axis label sits to the right of the top of the vertical axis.

Show Condition Line—Displays the vertical bar that can be moved with the condition
slider.

3D Look—Places the bars on a diagonal line so as to imply that genes in each condi-
tion are stacked in rows perpendicular to the horizontal axis.

Show unclassified Group When Splitting the Window—When the window is split,
this option displays the genes that were not put into any classification into their own
section of the genome browser.
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Physical Position View

The Physical Position display allows you to see an experiment or a set of experiments by
organizing the genes according to their physical position (when the gene loci are known
and loaded into GeneSpring) within the DNA sequence of the organism. Select View >
Physical Position. The Physical Position view works for any organism whose
mapping data is at least partially available. An illustration of what Physical Position View
looks like for humans is given in Figure 4-24. For organisms already sequenced, the phys-
ical position views looks more like yeast (illustrated in Figure 4-23).
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Figure 4-23 The Physical Position view

At greater magnification, you can see the base pairs.
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Figure 4-25 Zooming in for a closer look at chromosome 12

At high magnifications the labels associated with the chromosome’s cytogenetic bands are

visible.

The Load Sequence command

In GeneSpring versions 4.0 and later, sequence information is loaded by default if it is

available. If you have an old version of GeneSpring and cannot update it (see “Updating
GeneSpring” on page 1-4), follow these directions.
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The Load Sequence command is applicable only for sequenced organisms. Load the
nucleic acid sequence to magnify a section of the physical position view until the nucleic
acid sequence is displayed. Loading the sequence also allows you to take advantage of
GeneSpring’s other sequence-based features such as Tools > Find Potential
Regulatory Sequences.

You can load the nucleic acid sequence in a number of ways.

Method 1 (takes immediate effect)
1. Right-click while the cursor is in the black genome browser. A menu appears.
2. Select Options > Load Sequence.

A window saying Please wait while nucleic acid sequence is loaded appears. After the
loading is complete it is possible to zoom in and see the nucleic acid sequence of a par-
ticular gene.

The sequence is shown in the magnified genes. However, this information is not saved,
so when you exit and re-open GeneSpring you must reload the nucleic acid sequence.

If you would like the sequences to always be readily available, you must change the
defaults through the Preferences window. You may choose to make the load sequence
feature automatically load with the program. Again, note that this applies to version 4.0
and earlier.

Method 2 (takes effect in your next GeneSpring session)

1. Select Edit > Preferences. The GeneSpring Preferences window appears.
2. Select Data Files from the pull-down at the top of the window.

3. Select the Load Sequence checkbox.

4. Click OK at the bottom of the window.

5. Close and restart GeneSpring. (Or, you can select File > New Window.)

Changing the defaults in the Preferences window does not initiate the load sequence
feature in your current session, but it does change future initial loading practices. The
nucleic acid sequence can also be loaded as a side effect of using Tools > Find
Regulatory Sequences. For more information on this particular feature, see
“Regulatory Sequences” on page 6-18.

Physical Position Display Options

In the Physical Position view, the following display options are available:

* Features—The available options for this view are listed below.
+ Coloring—See “Color” on page 4-30.
* Legend—See “Legend” on page 4-28

The Features panel of the display options window contains a column of check-boxes that
allow you toggle on or off certain items in the genome browser.
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*  Show Chromosome Label—Displays the word “Chromosome” next to the chromo-
some names or numbers.

* Show Chromosome Label on Side—Displays the word “chromosome” vertically
beside the chromosome names or numbers.

* Show Base Pair Label—Displays the words “Base Pair” next to the axis representing
the sequence location.

* Show ORF direction—Places genes above or below the chromosomes depending on
the direction they are transcribed. Genes on the top of the line are transcribed from left
to right. Leaving this option unchecked places all of the genes on top of the chromo-
some lines.

* Show Just One Strand of Bases—Displays only the bases on the Watson strand
(when the genome browser is zoomed-in enough to display them).

* Show unclassified Group When Splitting the Window—When the window is split,
this option displays the genes that were not put into any classification into their own
section of the genome browser.
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Scatter Plot View

The Scatter Plot view is useful for examining the expression levels of genes in two distinct
conditions, samples, or normalization schemes. For instance, you can use the scatter plot
to identify genes that are differentially expressed in one sample versus another. A scatter
plot can also be used to compare two values associated with genes in two gene lists. Such
associated values might include the relative contribution of principal components as deter-
mined from principal components analysis, or two similarity scores from the Find Similar
function in the Gene Inspector.

Note: Genes with no data cannot be displayed in this view.

£ Full GeneSpring Human Oncogenes Genes : all genes

File Edit View Experiments Colorbar Filtering Tools Annotations Window Help
Gene Lists ]
a.0
EHI Experiments 100005 ha
Demanstration Experime f :
Gene Trees 1000y
Condition Trees 3 2.5
Classifications 100+ 20
Pathways E 1.5
Array Layouts R c fi2
) E|
Expression Profiles = E 2
External Programs . b 2 1.0
= o
Bookmarks 3 = 04
Scripts ] N 0.8
013 - 0.7
3 0.6
] control
0.01- — T — Ty T T .-..(.'..'., ) 0.5
1 10 100 1000 10000 0.4
0.3
. . . . . 0.2
H-axis: Demonstration Experiment {De...  Colaored by: Demonstration Experimen...
Y-axis: Demaonstration Experiment {De...  Gene List  all genes {159) 0o
Trust
q | j | | Magnification : 1

Figure 4-26 The Scatter Plot view

In the scatter plot above, each ‘“+’ symbol represents a gene. The vertical position of each
gene represents its expression level in the current condition, and the horizontal position
represents its control strength (in this case, the median expression level of this gene in all
conditions). Genes that fall above the diagonal are overexpressed and genes that fall below
the diagonal are underexpressed as compared to their median expression level over the
course of the experiment.

Viewing a Scatter Plot

To view a scatter plot select the View > Scatter Plot option. The scatter plot view
is the most flexible in its ability to customize the way that data are displayed.

Scatter Plot Display Options

The following display options are available for this view:

* Vertical Axis—The available options are listed below.
* Horizontal Axis—The available options are listed below.
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Features—The available options are listed below.

Lines to Graph—The available options are listed below.
Coloring—The available options are listed below.
Error Bars—See “Error Bars” on page 4-28
Legend—See “Legend” on page 4-28

Vertical/Horizontal Axes

The most critical option to set is the type of data that is displayed on the two axes. To
modify the function, as well as the appearance of the axes:

1.

Select View > Display Options. .. orright click anywhere in the genome
browser and select Display Options. The Scatter Plot Display Options window
appears.

Click either the Horizontal Axis or Vertical Axis tab.

. In the Display Options navigator select the gene list, experiment, interpretation, or con-

dition to use on the selected axis.

Click the Horizontal/Vertical Axis Value pull-down menu. The list of
options includes only those that are appropriate for the type of data object you selected.

Choose a graph mode for the specified axis. The three options are linear, logarithmic,
and fold change. Note that the fold change option is only available if you are looking at
normalized data from an interpretation or a condition.

To adjust the vertical axes so that all measurements are visible, check the Scale
Axis to Show all Values box. The upper and lower bounds are adjusted auto-
matically. Alternatively you can manually set the upper and lower bounds to values of
your choosing.

To automatically choose tick spacings, check the Automatic Tick Spacing on
Axis box. To set the tick spacings manually, leave this box unchecked and enter the
major tick interval as well as the number of minor ticks. For more information about
setting tick spacings, see “The Vertical Axis” on page 4-27.

Adding Lines

You have the option to draw lines that help distinguish distinct groups of data points.
Although these lines can represent many types of data thresholds, they are generically
called fold change lines. These fold lines are valuable because you can select points that
lie above or below them by right clicking in the appropriate position in the genome
browser. In addition to fold lines, you can add lines to the origin of each axis as well as
draw a line of best fit. To modify the use of lines:

1.

Select View > Display Options. .. orright click anywhere in the genome
browser and select Display Options.

Click the Lines to graph tab.

* To use fold change lines click the Fold Change Lines box. If you only want
one pair of fold change lines, select the Set Lines At radio button and enter a
number in the £o01d box. If you would like more than one pair of lines, check the
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Set Lines at Multiple Intervals box and list the “fold-values” to view, separated by
commas.

To show a trend in your data check the Line of Best Fit box. Note that the
regression is performed on the transformed data, and this line is always linear
regardless of how the axes are chosen.

To make the origin of each axis more visible, check the Lines Through Ori-
gin option.

To see a grid inside the plot area, you can have lines drawn at the major and minor
tick intervals of each axis. Check the Horizontal/Vertical Grid Lines
checkboxes that to see. The color of these grid lines is represented in the Grid Color
box at the bottom of the window. To modify the grid color, click Change. . ..

Changing Labels and Features

The scatter plot view also allows you to change the appearance of data points and data
labels. To modify these features:

1. Select View > Display Options. .. or right click anywhere in the genome
browser and select Display Options.

2. Click the Features tab.

3. To modify the size and shape of the points choose from among the options in the
Style and Size pull-down menus.

4. There are five options for labeling the plot:

Show Gene Names—Displays the name of each gene to the lower right of each
point. These names become unreadable if more than ~100 genes are visible in the
current gene list and magnification.

Show Horizontal Axis Label—Displays the parameter that is graphed on the hori-
zontal axis.

Show Vertical Axis Label—Displays the parameter that is graphed on the vertical
axis.

Label Vertical Axis on Side—Displays the vertical axis label vertically. If this is
unchecked the vertical axis label sits to the right of the top of the vertical axis.

Show unclassified Group When Splitting the Window—When the window is
split, this option displays the genes that were not put into any classification into
their own section of the genome browser.

Coloring

Coloring in the scatter plot view is more complicated than in other views because the color
of each gene can be derived from the data in either axis. In other views, the color of the
gene is usually linked to the data plotted on the vertical axis. In addition, the scatter plot
allows you to color genes based on a third experiment or condition that is not plotted on
either axis. To modify the way data points are colored:

1. Select View > Display Options. .. or right click anywhere in the genome
browser and select Display Options.
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2. Click the Coloring tab.

3. Select the type of data that is to be used for coloring from the Color data points
by pull-down menu. For more information about the types of data that are available for
coloring, see “Color” on page 4-30.

4. Choose from the Use the expression levels in the following
experiment or condition radio-buttons to select the axis to be used for color-
ing. Note that only axes which represent experiments, interpretations or conditions are
available for coloring. To color genes by an experiment that is not represented by either
axis click Other Experiment, select an experiment in the navigator, and click Set
Experiment>>.
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3D Scatter Plot View
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Figure 4-27 The 3-D Scatter Plot View

In the 3D scatter plot above, each dot represents a gene. The vertical position of each gene
represents its expression level in the current condition, and the horizontal position repre-
sents its control strength (in this case, the median expression level of this gene in all condi-
tions).

Pressing the x, y, or z keys rotates the graph on the specified axis. Hold down the Shift
key to speed this rotation. Hold down the A1t key to reverse the direction of rotation.

Note: Genes with no data cannot be displayed in this view.

3D Scatter Plot Display Options

The following display options are available for this view:

* X Axis—See “X, Y, and Z Axes” on page 4-50

* Y Axis—See “X, Y, and Z Axes” on page 4-50

* Z Axis—See “X, Y, and Z Axes” on page 4-50

* Features—See “Changing Labels and Features” on page 4-47
* Lines to Graph—See “Adding Lines” on page 4-46

* Coloring—See “Coloring” on page 4-47.

* Error Bars—See “Error Bars” on page 4-28

+ Legend—See “Legend” on page 4-28
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X, Y, and Z Axes

The most critical option to set is the type of data that is displayed on the three axes. To
modify the function, as well as the appearance of the axes:

1.

Select View > Display Options. .. orright click anywhere in the genome
browser and select Display Options. The 3D Scatter Plot Display Options win-
dow appears.

Click the X Axis, Y Axis, or Z Axis tab.

. In the Display Options navigator select the gene list, experiment, interpretation, or con-

dition to use on the selected axis.

Click the X/Y/Z Axis Value pull-down menu. The list of options includes only
those that are appropriate for the type of data object you selected.

. Choose a graph mode for the specified axis. The three options are linear, logarithmic,

and fold change. Note that the fold change option is only available if you are looking at
normalized data from an interpretation or a condition.

To adjust the axes so that all measurements are visible, check the Scale Axis to
Show all Values box. The upper and lower bounds are adjusted automatically.
Alternatively you can manually set the upper and lower bounds to values of your
choosing.

To automatically choose tick spacings, check the Automatic Tick Spacing on
Axis box. To set the tick spacings manually, leave this box unchecked and enter the
major tick interval as well as the number of minor ticks. For more information about
setting tick spacings, see “The Vertical Axis” on page 4-27.

Adding Lines

You have the option to draw lines that help distinguish distinct groups of data points.
Although these lines can represent many types of data thresholds, they are generically
called fold change lines. These fold lines are valuable because you can select points that
lie above or below them by right clicking in the appropriate position in the genome
browser. In addition to fold lines, you can add lines to the origin of each axis as well as
draw a line of best fit. To modify the use of lines:

1.

Select View > Display Options. .. orright click anywhere in the genome
browser and select Display Options.

Click the Lines to Graph tab.

To see a grid inside the plot area, you can have lines drawn at the major and minor tick
intervals of each axis. Check the X/Y/Z Axis Grid Lines checkboxes that to
see. The color of these grid lines is represented in the Grid Color box at the bottom of
the window. To modify the grid color, click Change. . ..
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Changing Labels and Features

The scatter plot view also allows you to change the appearance of data points and data
labels. To modify these features:

1. Select View > Display Options. .. or right click anywhere in the genome
browser and select Display Options.

2. Click the Features tab.

3. To modify the size and shape of the points choose from among the options in the

Style and Size pull-down menus.

4. There are five options for labeling the plot:

* Show Gene Names—Displays the name of each gene to the lower right of each
point. These names become unreadable if more than ~100 genes are visible in the
current gene list and magnification.

* Show X Axis Label—Displays the parameter that is graphed on the X axis.

* Show Y Axis Label—Displays the parameter that is graphed on the Y axis.

* Show Z Axis Label—Displays the parameter that is graphed on the Z axis.

* Show unclassified Group When Splitting the Window—When the window is
split, this option displays the genes that were not put into any classification into
their own section of the genome browser.

Coloring

Coloring in the scatter plot view is more complicated than in other views because the color
of each gene can be derived from the data in any axis. In other views, the color of the gene
is usually linked to the data plotted on the vertical axis. In addition, the scatter plot allows
you to color genes based on a fourth experiment or condition that is not plotted on either
axis. To modify the way data points are colored:

1.

Select View > Display Options. .. orright click anywhere in the genome
browser and select Display Options.

Click the Coloring tab.

Select the type of data that is to be used for coloring from the Color data points
by pull-down menu. For more information about the types of data that are available for
coloring, see “Color” on page 4-30.

. Choose from the Use the expression levels in the following

experiment or condition radio-buttons to select the axis to be used for color-
ing. Note that only axes which represent experiments, interpretations or conditions are
available for coloring. To color genes by an experiment that is not represented by either
axis click Other Experiment, select an experiment in the navigator, and click Set

Experiment>>.

Viewing Data 4-51



Tree View

Tree View

The Tree view allows you to view the results of hierarchical clustering in the form or a
mock phylogenetic tree, or dendrogram. In such a tree, genes having similar expression
patterns are clustered together.
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Figure 4-28 Tree View

The genome browser above is displaying a gene tree. The genes are the columns of col-
ored rectangles to the right of the tree structure, displayed in green. Similarly colored
genes tend to be clustered together.

Viewing a Tree

1. From the navigator, open the Gene Trees or the Condition Trees folder.

2. Select a tree. If there are no trees available for viewing you must create one. See “Gene
Tree Clustering Options” on page 7-5.

Selecting and Viewing Subtrees

A single green line ending in a gene is a branch of the gene tree. Each bar crossing a set of
branches forms a node of the intersecting branches. The distance from gene X to the node
connecting it to gene Y indicates how closely the genes X and Y are correlated. The
shorter the distance, the higher the correlation is. Select any node by clicking over its
intersection with your cursor. All the genes associated with that node changes to your
selected color.

+ To create a new tree from a node of a larger tree, select a node as described above, then
right-click in the genome browser and select Make Subtree from the pop-up menu.
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+ To make a gene list from a subtree, select a node as described above, then right-click in
the genome browser and select Make List from Subtree.

Eisen-Like Tree View
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Figure 4-29 Eisen-like Tree View
In GeneSpring 6.0, subtrees can be viewed in an Eisen-like format. There are two ways to
select a subtree for this view:

In GeNetViewer, subtrees can be viewed in an Eisen-like format. There are two ways to
select a subtree for this view:

* Double-click on the node defining the desired subtree
* Right-click on the node defining the desired subtree and select Display Sub-tree

Double-clicking a node changes the selected subtree. You can double-click on nodes both
in the thumbnail and in the main part of the window.

Three marquees may be shown on the thumbnail:
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Figure 4-30 Marquees in the Tree View

The area displayed within all of these marquees is displayed to the right of the thumbnail.
To change the size of the thumbnail, use the drag arrows below and to the right of the tree.
To enable these drag arrows:

1.

Fight-click in the browser and select Display Options.

2. Click the Features tab.
3.
4

Check the Display Drag Arrows box.

. Click OK to return to the tree view.

Navigating Subtrees

To navigate through subtrees, right-click on any node and select Display Sub-
tree.

To view the tree immediately above the one selected, right-click anywhere and choose
Display Parent of Sub-tree.

To return to the top and view the entire tree, right-click anywhere and select Display
Entire Tree. This returns you to the default GeneSpring tree view.

Double-clicking a terminal branch (a line indicating only one condition or gene)
invokes either the Condition Inspector or the Gene Inspector, depending on the branch.

Keyboard commands for the right-hand or top tree (usually the Condition tree)

Alttleft arrow—Jump to the sibling to the left of the selected node
Alt+right arrow—Jump to the sibling to the right of the selected node

Alt+tup arrow—Jump to the parent of the selected node
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* Alt+down arrow—Jump to the first child of the selected node (counting from left to
right)

Keyboard commands for the left-hand tree (usually the Gene Tree)
» Ctrl+left arrow—Jump to the parent of the selected node

» Ctrl+right arrow—Jump to the first child of the selected node (counting from top to
bottom)

*  CtrlH+up arrow—Jump to the sibling directly above the selected node

*  Ctrl+down arrow—Jump to the sibling directly below the selected node

Magnifying Trees

Magnification in the Tree View is not quite the same as in the other views due to the need
to keep the genes in the view along with the immediate tree branches. Zooming in by drag-
ging a rectangle with the cursor usually produces a magnified view that contains more ele-
ments than were in the selected area. The amount of magnification is visible in the
parameter specification area just below the genome browser.

Use arrow keys to pan the screen while zoomed. Panning never takes you outside the
bounds of the selected subtree (if any).

When a subtree is selected, clicking Zoom Fully Out displays the entire subtree, not
the entire tree. To return to the top level, right-click anywhere and select View Entire
Tree.

You cannot zoom in on the thumbnail in the Eisen-like view.

Viewing Nodes

After clustering the genes according to their expression patterns, all known lists are
checked against all subtrees of the new gene tree, to assign names to the tree nodes where
possible. These labels are taken from the gene lists in the standard lists.

Place your cursor as close as possible to a label or intersection to view the text. When the
cursor pauses over an intersection, a label appears. It disappears when the cursor is moved.

All of the branches intersecting to form a node constitute the subtree defined by that node.
A label such as “ribosome [15.1]” means the subtree from that node has a lot in common
with the genes in the “ribosome” list. The numbers in square brackets are a measure of sta-
tistical significance. The higher the value, the more significant the comparison is.

The comparisons between the lists and the subtrees are not looking for exact matches, but
rather statistically significant overlaps, which may include subsets and supersets. When
there is enough space on the screen, a label, if one exists, is displayed along the top (hori-
zontal bar) of the subtree. Otherwise, when there is space, a “...” is displayed. An “&”
symbol after a list name indicates the subtree is statistically similar to more than one list,
all of whom, when there is enough room, are displayed as labels along the top of the sub-
tree.

To take a screen shot that includes the label, hover your cursor over the node, take the
screen shot when the label appears. For most Windows applications, the cursor is not visi-
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ble, just the label. For more information about screen shots, see “Saving Pictures and
Printing” on page 9-4.

Viewing Gene Names in Trees

You can magnify the tree until the names are visible along the edge of the genes.

1. Place your cursor anywhere over the group of genes to view the gene name. When the
cursor pauses over a gene, a label appears. It disappears when the cursor is moved.

2. Click once and that gene becomes the selected gene. The name of the selected gene
appears in the upper right corner of the genome browser.

Viewing Parameters in Trees

For most experiments, each measurement was taken under certain conditions. These con-
ditions are listed in the far right side of the tree view. If one of the parameters has been
designated as a continuous parameter, it is shown directly beneath the genome browser.

Tree Display Options

The following display options are available in tree view:

* Gene Tree/Condition Tree—The available options for this view are listed below.
* Features—The available options for this view are listed below.

* Coloring—See “Color” on page 4-30.

* Legend—See “Legend” on page 4-28

To modify the appearance of your tree, select View > Display Options....

Gene Tree/Condition Tree Tab

The Display Options window includes a Gene Tree or Condition Tree tab, depending on
whether you have selected a gene tree, condition tree, or both. This tab contains the fol-
lowing options:

* Draw Genes Horizontally — Orients your tree so that the genes appear as horizontal
bars on the right extending from tree branches on the left.
* Show Tree Structure—Specifies whether to show or hide the tree structure.

* Show Gene Name Labels—If genes are displayed vertically, shows the name of each
gene to its right if there is space. You must be at a very high magnification for these
labels to be visible. This option is available only if a gene tree is selected.

* Show Tree Annotation Labels—Displays annotations for tree nodes if they are avail-
able and space permits. This option is available only if a gene tree is selected.

* Show Experiment Condition Labels—Displays experiment condition labels if they
are available and space permits. This option is available only if an experiment or condi-
tion tree is selected.

* Color Branches by Classification—Color the tree branches based on classification.
This option is available only if a gene tree is selected. To color by classification:
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Tree View

a. Check the Color Branches by Classification box.
b. Select a classification from the Display Options minibrowser.
c. Click set Classification>>.

d. Click Apply.

Unclassified genes are displayed using the background color.

* Color Branches by Experiment Parameter—Color the tree branches based on
experiment parameters. This option is available only if a condition or condition tree is
selected. To color by experiment parameters:

a. Check the Color Branches by Experiment Parameter box.
b. Select an experiment from the Display Options minibrowser.

c. Click Set Experiment>>.

d. Select a parameter from the pull-down menu.

To display a row of blocks at the bottom of the condition tree indicating their classi-
fication, select the Show Coloring Blocks radio button.

e. Click Apply.

Features Tab

The Display Options window also includes a Features tab with the following options for
reorganizing your tree:

» Color by all conditions—Divides the genes into sections representing multiple condi-
tions, so that all conditions in the selected interpretation can be viewed simultaneously.
Using this feature disables the condition slider at the bottom of the genome browser.

* Show unclassified Group When Splitting the Window—When the window is split,
this option displays the genes that were not put into any classification into their own
section of the genome browser.

* Place gaps between Heatmap Tiles—Uncheck this option to remove gaps between
tiles.

+ Display Navigational Tree—Specifies whether to display the navigational tree for the
Eisen-like subtree view on the left or the top of the viewing area.

* Use Custom Heatmap Borders—Allows you to customize the amount of screen
space dedicated to tree branches and labels. When this option and the Show Drag
Arrows option are selected, use the drag arrows in the genome browser window to
make adjustments.

* Show Drag Arrows—Displays arrows used for changing the size of the area dedicated
to tree branches. This affects both the thumbnail and the displayed subtree in the Eisen-
like view.
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Ordered List View

Allows you to view a gene list in the order of its associated values. Values are listed in
descending order. If you do not have associated values, genes are ordered according to the
way they are listed in the master gene table. Vertical lines representing genes are propor-
tional to the gene’s associated number.

To view genes in an ordered list, go to View > Ordered List. Your list appears in its
order.
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Figure 4-31 Ordered List View

Ordered List Display Options

The following display options are available in ordered list view:

» Features—The available options for this view are listed below.

+ Coloring—See “Color” on page 4-30.

* Legend—See “Legend” on page 4-28

To modify the appearance of your tree, select View > Display Options... or

right-click anywhere in the genome browser and select Display Options.... The
Display Options window includes a Features panel with the following options:

* Show Associated Value — When the view is zoomed, so as to enlarge the tops of the
lines, selecting this options displays the numerical value associated with each line.

» Color by all conditions — Divides the genes into sections representing multiple condi-
tions, so that all conditions in the selected interpretation can be viewed simultaneously.
Using this feature disables the condition slider at the bottom of the genome browser.
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* Show unclassified Group When Splitting the Window—When the window is split,
this option displays the genes that were not put into any classification into their own
section of the genome browser.

The Coloring panel allows you to modify the way color is used to represent different types
of data. For more information see “Color” on page 4-30.
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Array Layout View

The Array Layout view produces a synthetic picture of the arrays used in the current
experiment. This view is useful in identifying arrays that display local shifts in intensity
due to problems in probe deposition, hybridization, washing, or blocking. To use this view
you must first create an array layout file (see “Layout Parameters” on page 2-12).
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Figure 4-32 The Array view

In Figure 4-32, each solid circle represents an oligonucleotide on the array. If you zoom in,
the gene names become visible. Circles are numbered from left to right and top to bottom.
For example, a 3X3 array is:

123
456
789
Viewing an Array Layout
1. Selectthe View > Array Layout option.

2. Select an array from the navigator.

Array Layout Display Options

The following display options are available in graph view:

» Features—The available options for this view are listed below.
* Coloring—See “Color” on page 4-30.
* Legend—See “Legend” on page 4-28
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The only feature that can be changed is the Show unclassified Group When Splitting the
Window option within the features panel. When the window is split, this option displays
the genes that were not put into any classification into their own section of the genome

browser.

Viewing Data 4-61



Pathway View

Pathway View

The Pathway view lets you display and place genes on an imported . gif or .jpeg image. For
information on downloading and importing pathways, see “Pathways” on page 6-16.
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Figure 4-33 The Pathway view

Viewing a Pathway

1. Select a pathway from the Pathways folder in the navigator. (You must have already
created a pathway. See “Pathways” on page 6-16.)

2. Select a gene list. If a pathway contains a gene on a selected gene list, then the gene is
colored according to its expression level in the selected experiment.

See the example of the mitosis pathway in Figure 4-33.

» To add a gene to the pathway, hold Ctr1l and drag mouse over the desired placement
area. Type a gene name or keyword. If a keyword is used, select the gene from the
resulting list.

+ To delete a gene from the pathway, right-click over the gene and select Delete
Pathway Element.

Zooming, coloration, movement and the Find Genes Which Could Fit Here
features work in this view. Find Genes Which Could Fit Here suggests genes
that might be appropriate in certain areas of the picture. See “Pathways” on page 6-16 for
more details.

Pathway Display Options

The following display options are available in graph view:

* Features—The available options for this view are listed below.
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+ Coloring—See “Color” on page 4-30.
* Legend—See “Legend” on page 4-28

To modify the appearance of your pathway, select View > Display Options....
The Display Options window includes a Features panel with the following options:

* Color by all conditions — Divides the genes into sections representing multiple condi-
tions, so that all conditions in the selected interpretation can be viewed simultaneously.
Using this feature disables the condition slider at the bottom of the genome browser.

* Show unclassified Group When Splitting the Window—When the window is split,
this option displays the genes that were not put into any classification into their own
section of the genome browser.
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Compare Genes to Genes

The Compare Genes to Genes view allows you to observe the similarity between the
expression profiles of two genes in one list or in two separate lists. Genes being compared
are listed along respective graph axes. The correlation between any two genes is shown by
a colored square at their point of intersection. Strong correlations in expression level are
shown by a higher intensity color, weak correlations by a lower intensity color.

Associated values for gene lists are shown as lines extending perpendicularly from each
axis. The length of the line represents the magnitude of the associated value. You can view
these associated values by zooming in on the ends of the lines.
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Figure 4-34 Compare Genes to Genes

In the Compare Genes to Genes view, GeneSpring employs a Pearson correlation to mea-
sure the pair-wise similarities (see “Pearson Correlation” on page B-3). Note that if you
place the same list on both axes, a line of perfect correlation values descends diagonally
across the grid. There are no display options in this view.

Viewing Compare Genes to Genes

1. Click the first gene list to compare in the navigator. (Do this before you switch the
view type, as large gene lists take a very long time to compare.)

2. Selectthe View > Compare Genes to Genes option. The default display
places the selected gene list on both axes.

3. If desired, select a second gene list from the navigator by right-clicking on a gene list
and selecting the Display as Second List option. To remove this second
list, select the View > Remove Secondary Gene List.
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Graph by Genes View

Graph by Genes View

The Graph by Genes view allows you to visualize an experiment as one line, where each
point on the line represents the relative expression of one gene. Select View > Graph
by Genes.

Note: Genes with no data cannot be displayed in this view.
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Genes at the top of the selected gene list are displayed at the left end of the experiment line
and genes at the bottom of the gene list are displayed at the right end of the experiment
line. Generally, your gene lists are ordered so that the associated values appear in descend-
ing order. If you do not have associated values, your genes appears in the same order as in
the master gene table.

Graph by Genes Display Options

The following display options are available in graph by genes view:

¢ Horizontal Axis—The available options for this view are listed below.
* Vertical Axis—See “The Vertical Axis” on page 4-27.

* Features—The available options for this view are listed below.

* Coloring—“Color” on page 4-30.

* Legend—See “Legend” on page 4-28

The Horizontal Axis Tab

* Sort by Gene List—Sorts genes in their order in the gene list (by their associated num-
bers, if they exist; otherwise by their order in the Master Table of Genes).
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Graph by Genes View

Set Gene List—Specify the gene list by which to sort genes. This button is only active
if the Sort by Gene List radio button is selected.

Sort by Condition (Normalized Data)—Sort genes in the order of their normalized
values within the selected condition.

Sort by Condition (Raw Data)—Sort genes in the order of their raw values within the
selected condition.

Sort by Condition (Control Data)—Sort genes in the order of their control data
within the selected condition.

Set Condition—Specify the condition by which to sort genes. This button is only
active if one of the Sort by Condition radio buttons is selected.

The Features Tab

The Features tab of the display options window contains a column of check-boxes that
allow you toggle on or off certain items in the genome browser. To use them, select View
> Display Options... or right-click anywhere in the genome browser and select
Display Options. ... Click the Features panel and chose from any of the following:

Plot Symbol—Using the Style and Size pull-down menus, specify the symbol with
which to display each gene. If the Line option is selected, individual genes cannot be
selected in the Genome Browser window.

Show Horizontal Axis Label—Displays the parameter that is graphed on the horizon-
tal axis.

Show Vertical Axis Label—Displays the parameter that is graphed on the vertical
axis.

Label Vertical Axis on Side—Displays the vertical axis label vertically. If this is
unchecked the vertical axis label sits to the right of the top of the vertical axis.

Show unclassified Group When Splitting the Window—When the window is split,
this option displays the genes that were not put into any classification into their own
section of the genome browser.
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View as Spreadsheet

View as Spreadsheet

This option allows you to view your data as a spreadsheet. The spreadsheet color scheme
and gene list reflect what is showing in the genome browser at the time you activate the
new window. The order of the genes is the same as in your master table of genes.
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Figure 4-36 Spreadsheet View

To Copy a Row for Pasting into another Document

1. Click on the row to copy.

2. Right-click on the row and select Copy.

To copy the entire spreadsheet, click Copy A11l. Note that if you have any rows selected,
you must first click Clear Selection.

Locating a Particular Gene

1. Type Ctrl+F.

2. Enter the gene name.

3. Click OK.

Inspect Found Gene

To bring up the Gene Inspector for your found gene, type Ctrl+I.
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Condition Scatter Plot

The condition scatter plot displays a fundamentally different type of information than any
other view with the possible exception of the condition tree. Unlike other GeneSpring
views, each colored point (dot, circle, square, etc.) represents a condition, not a gene.

This view is the most common way to visualize the results of principal components analy-
sis performed on conditions. It is also useful for presenting complex multidimensional
data in the context of conditions. For example, a 3D condition scatter plot can be config-
ured to display a principal component score on one axis, a parameter value an a second
axis, and the normalized expression level of a given gene on the third axis. A simpler pos-
sibility is to plot the expression values for two genes on two axes. Such a plot is useful for
demonstrating whether the expression pattern of the genes is correlated or anti-correlated.
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Figure 4-37 The Condition Scatter Plot view

To view the condition scatter plot, select View > Condition Scatter Plot inthe
main GeneSpring window. Unlike most views, the condition scatter plot is displayed in a
separate window, which appears when the option is selected. This window also appears
when you run a PCA on Conditions analysis. For details, see “PCA on Conditions” on
page 7-18. For a 2D view of this plot, select 2D Scatter Plot from the View menu in
the lower right portion of the window.

In the example above, each dot represents a condition. When this window is opened from
the main GeneSpring window, the first three parameters (if available) are selected for the
axes. If only two parameters are available, the plot is displayed in 2D format. If there are
fewer than two parameters, a 3D plot is displayed using the first three genes from the
selected gene list.

You cannot select the experiment to be displayed from within this view. To change the
experiment being viewed, exit this window, select the desired experiment, and choose
View > Condition Scatter Plot in the main GeneSpring window.

Pressing the x, y, or z keys rotates the graph on the specified axis. Hold down the Shift
key to speed this rotation. Hold down the A1t key to reverse the direction of rotation.
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Condition Scatter Plot Display Options

The following display options are available:

+ X-axis—See “X, Y, and Z Axes” on page 4-69

* Y-axis—See “X, Y, and Z Axes” on page 4-69

» Z-axis—See “X, Y, and Z Axes” on page 4-69

* Lines to Graph—See “Adding Lines” on page 4-69

* Features—See “Changing Labels and Features” on page 4-70
+ Coloring—See “Coloring” on page 4-70

* Error Bars—See “Error Bars” on page 4-28

* Legend—See “Legend Options” on page 4-29

X, Y, and Z Axes

The most critical option to set is the type of data that is displayed on the three axes. To
modify the function, as well as the appearance of the axes:

1. Click Display Options. .. or right click anywhere in the condition scatter plot
window and select Display Options. The Display Options window appears.

2. Selectthe X Axis, Y Axis,or Z Axis tab.

3. Specify the type of data to display on the selected axis from the pull-down menu. The
available options are Gene, Expression Profile, or Experimental Parameter.

4. Specify the gene from which to use data in the plot. To choose a gene other than the
one selected by default, click Choose Gene. . . and use the search screen to locate
the desired gene.

Note: You can select genes only from the currently active experiment. To work with data
from a different experiment, you must exit this screen and select that experiment in
the main GeneSpring window before re-opening the Condition Scatter Plot window.

5. Specify the data type. Available options are Control, Raw, or Normalized.

6. Choose a graph mode for the specified axis. Available options are linear, logarithmic,
and fold change. Note that the fold change option is only available if you are looking at
normalized data from an interpretation or a condition.

Adding Lines

You have the option to draw lines that help distinguish distinct groups of data points.
Although these lines can represent many types of data thresholds, they are generically
called fold change lines. These fold lines are valuable because you can select points that
lie above or below them by right clicking in the appropriate position in the genome
browser. In addition to fold lines, you can add lines to the origin of each axis as well as
draw a line of best fit. To modify the use of lines:

1. Click Display Options. .. orright click anywhere in the condition scatter plot
window and select Display Options.
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Click the Lines to Graph tab.

To see a grid inside the plot area, you can have lines drawn at the major and minor tick
intervals of each axis. Check the X/Y/Z Axis Grid Lines checkboxes to display.
The color of these grid lines is represented in the Grid Color box at the bottom of the
window. To modify the grid color, click Change. . ..

Changing Labels and Features

The scatter plot view also allows you to change the appearance of data points and data
labels. To modify these features:

1. Click Display Options. .. orright click anywhere in the condition scatter plot
window and select Display Options.

2. Click the Features tab.

3. To modify the size and shape of the points choose from among the options in the
Style and Size pull-down menus.

4. There are five options for labeling the plot:

* Show Condition Names—Displays the name of each gene to the lower right of
each point. These names become unreadable if more than ~100 genes are visible in
the current gene list and magnification.

* Show X Axis Label—Displays the parameter that is graphed on the X axis.

* Show Y Axis Label—Displays the parameter that is graphed on the Y axis.

* Show Z Axis Label—Displays the parameter that is graphed on the Z axis.

* Show unclassified Group When Splitting the Window—When the window is
split, this option displays the genes that were not put into any classification into
their own section of the genome browser.

Coloring

Coloring in the scatter plot view is more complicated than in other views because the color
of each gene can be derived from the data in any axis. In other views, the color of the gene
is usually linked to the data plotted on the vertical axis. In addition, the scatter plot allows
you to color genes based on a fourth experiment or condition that is not plotted on either
axis. To modify the way data points are colored:

1.

Select View > Display Options. .. orright click anywhere in the genome
browser and select Display Options.

Click the Coloring tab.
Specify whether to color conditions by gene, parameter, or attribute.

If you are coloring by parameter or attribute, select the appropriate parameter or
attribute from the pull-down menu.

To change the default color, click the Change... button and choose the desired color.

Viewing Data 4-70



Showing/Hiding Window Display Elements

Showing/Hiding Window Display Elements

You have the option of showing or hiding many of the elements in the GeneSpring win-
dow. To change the visibility of these elements, select View > Visible and choose
one of the following options:

Picture—Shows or hides the optional picture at the bottom right corner of the window

Animation Controls—Shows or hides the slider and the Animate check box at the
bottom of the window (hiding this check box does not disable the Animation feature)

Magnification—Shows or hides the Magnification feature and the Zoom Out button
at the bottom of the window (hiding the Zoom Out button does not disable the Zoom
Out menu option)

Secondary Picture—Shows or hides your secondary picture when you are viewing
two gene lists or experiments simultaneously in the genome browser

Secondary Animation Controls—Shows or hides the secondary Animation Controls
check box and slider when you are viewing two gene lists or experiments simulta-
neously

Navigator—Shows or hides the navigator panel
Hide All—Hides everything in the window except the genome browser
Show All—Shows all elements

Hide All in All Windows—Hides everything in all windows except the genome
browser

Show All in All Windows—Shows all elements in all windows
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Experiment Normalizations

Experiment Normalizations

Experiment normalizations are used to standardize your microarray data to enable differ-
entiation between real (biological) variations in gene expression levels and variations due
to the measurement process. Normalizing also scales your data so that you can compare
relative gene expression levels.

GeneSpring assumes the data you have entered is raw data and must be normalized. If
your data has been pre-normalized around a median other than 1, it may not be accurately
interpreted during analysis. If your data are pre-normalized this way, see “Normalize to a
Constant Value” on page 5-12.

There are several ways to normalize your data in GeneSpring. Typically, you will want to
do either one per chip normalization together with one per gene normalization or one per
spot normalization with one per chip normalization. There are important exceptions to
this, which are discussed below under the relevant normalization.

Most normalizations can be applied in any order, and different samples in the same exper-
iment can be normalized in different ways. You have the option of applying most normal-
ization step only to specific samples in your experiment. To do this:

1. Check the Apply Only to Specific Samples box. A list of samples in the
current experiment appears. If these samples are named, the names appear as sample
identifiers. If they are not named, by default each sample is named for the file it is
from, possibly including the column name if there is more than one sample in a file.

Samples that cannot be normalized, i.e., samples with no normalized column, appear
grayed out in the list, and cannot be selected.

2. Check the box of any samples to which you want to apply this step.

3. Click OK to add this step to your normalization scenario, or Cancel to quit without
adding this step.

Using the Experiment Normalizations Window

To access the Experiment Normalizations window, select Experiments > Experi-
ment Normalizations.
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Figure 5-1 The Experiment Normalizations window

The Experiment Normalizations window lists the normalizations currently being applied
to your experiment and allows you to add, edit, delete, or re-order normalization steps.
You can save the current normalization steps as a scenario for future use, or load a previ-
ously saved scenario. The Warnings panel displays information about unmet requirements
or other potential problems with the currently specified normalizations.

Adding a Normalization Step

To add a normalization step, select the desired normalization from the list on the left side
of the screen and click Add Normalization Step. For detailed information on the
available normalization types, see the following sections:

*  “Per Spot Normalization” on page 5-7

*  “Per Chip Normalizations” on page 5-10

+  “Per Gene Normalizations” on page 5-13

*  “Normalization Strategies for Specific Technologies” on page 5-17

Editing a Normalization Step

1. Select the desired step in the list of normalizations to be performed and click Edit, or
double-click the step number of the selected normalization.

2. The configuration screen for the selected normalization appears.
3. Make any desired changes to the normalization settings.

4. Click OK to save your changes, or Cancel to exit without saving.

Removing Normalization Steps

To remove normalization steps, select one or more steps in the list of normalizations to be
performed and click Delete. Be certain you have selected the correct step, since no con-
firmation dialog appears.
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Re-Ordering Normalization Steps

To move a normalization step, select its name in the list and click Move Up or Move
Down. Continue until the steps are in your desired order.

Applying Default Normalizations

When an experiment is created during the sample import process, normalizations are
applied before you reach the Experiment Normalization window. These normalizations are
determined from the data format of the samples in the experiment. For information on the
default normalizations used during sample import, see “Default Normalizations” on

page 3-21.

When you create an experiment from samples that have already been imported, the default
normalizations are the Generic One-Color and Generic Two-Color scenarios. These nor-
malizations can be applied when you create an experiment using the Create New Experi-
ment menu, or by clicking the Use Defaults button in the Experiment Normalizations
window.

To remove any changes you have made and apply only the default normalizations for your
data type, click Use Defaults. A confirmation dialog appears. Click OK to continue or
Cancel to quit and return to the main Normalizations screen.

Viewing Text Descriptions

To view a more detailed description of a particular normalization, select its name in the list
and click Get Text Description. A dialog appears with a description of the
selected normalization. You can copy the text in this dialog to the keyboard by clicking
Copy to Clipboard. You can then paste the text into a text editor.

Saving a Normalization Scenario

Click save As Scenario. .. to save the current normalization sequence for use in
other experiments. A dialog appears prompting you to enter a name for the sequence to be
saved. Once you save a normalization scenario, it is available for use in all genomes.

A saved scenario records whether each step was applied to all samples or a limited number
of samples, but not which samples the steps were applied to. It also does not record a list
of positive or negative controls or a list of control samples (as in the Normalize to Specific
Samples option).

Working with Saved Scenarios

To load a saved normalization scenario, click Use a Saved Scenario....The
Select a Normalization Scenario screen appears. From this screen you can do the follow-
ing:

* Load Scenario—Select a scenario from the list and click Load Scenario to load it
for use in the current experiment.

* Delete Scenario—Select a scenario from the list and click Delete Scenario. The
scenario is removed from the list.
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* Rename Scenario—Select a scenario from the list and click Rename Scenario. A
dialog appears prompting you to enter a new name for the saved scenario.

* Close—Return to the previous screen without making any changes.

Normalization Warnings
Warnings occur under the following circumstances:

* A normalization step is missing

* A normalization step is inappropriate (i.e., there are too few genes or samples)

* Normalizations are applied to only some of the samples

Warnings appear in orange. You can proceed with an active warning, but the results may
not be what was intended. Fatal errors appear in red. A fatal error means that the current

normalization steps will not produce a usable result. In this case, the OK button is disabled
until the problem is solved.

When a warning or error applies to a specific normalization step, that step is displayed in
the list in the appropriate color for the warning or error.
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Normalization Types

Start with Pre-Normalized Values

This option is provided for backwards compatibility, and allows you to maintain normal-
izations from a previous experiment. It can be applied only to samples that were created
by GeneSpring’s Merge/Split window or uploaded before GeNet 3.0. If you select this
option when none of the data in your experiment have been previously normalized, a mes-
sage alerting you to do this is displayed and the OK button is disabled.

Data Transformation

SAGE Transform

This method is recommended only for SAGE data. It fills in zeroes for all genes not men-
tioned in your data file.

Real Time PCR Transform

In this method, doubling measurements are converted into measurements of mRNA con-
centration using the equation 2-.

Subtract background based on negative controls

In this method, the median value of the gene list is subtracted from the raw values for each
gene. The gene list used can be typed in or loaded from a file.

To type in a gene list, simply enter a gene in each line of the text box provided. Right-click
in this box to use the Copy and Paste options.

To load a gene list from a file, click Load From File and select the gene list from the
browse window that appears. If there are already genes listed when you click Load
From File, the genes from the list you select are added to the existing list of genes. Any
genes you have already entered are not overwritten.

Note: This text box can contain no more than 32,000 text characters (including carriage
returns).

The list of negative control genes should be intersected with the regions, if there are any.

Negative controls should be averaged within each region. If any region does not have any
negative controls, an error message appears alerting you that the normalization cannot be
performed.

Set measurements less than 0.01 to 0.01

This option sets any measurements less than a specified cutoff value to the cutoff value.
By default, this value is 0.0. To enter another value, click in the Cutoff text box and enter a
new value. This step can be applied before or after other normalizations.
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Transform from log to linear values

This option transforms logarithmic data into linear expression values. This is required if
your raw data are reported in log values, since GeneSpring requires data to be linear. To
view your data on a logarithmic scale, use the experiment interpretation. For more infor-
mation on experiment interpretations, see “Experiment Interpretations” on page 3-39.

To apply this normalization, specify the base of the original measurements by selecting the
appropriate radio button. The available options are:

* Base 2
* Natural Log ()
* Base 10

* Other— Enter a base value in the provided text box

Dye Swap

This option swaps your Control channel and Signal channel in order to do dye compari-
sons. Dye swap is available only for two-color experiments.

This step must be the first normalization step that changes the units of signal and control.
For example, a log transform can come before this step, but not a per chip normalization.
This is because the Signal and Control must be in the same units.

Per Spot Normalization

Per Spot normalizations are commonly used for two-color experiments. The formula for
this normalization is:

(signal strength of gene A in sample X)

(control channel value for gene A in sample X)

Divide by control channel

This option divides the measured intensity of each gene by the value of its Control chan-

nel. This is recommended for two-color experiments if you do not use intensity-dependent
normalization. If the Control channel value is very low, a cutoff value is used instead. By
default, this value is 10.0. To change this value, click in the Cutoff text box and enter the

desired cutoff value.

Note: The cutoff value cannot be lower than 0.000001.

This normalization works as follows:

Signal >= Cutoff Signal < Cutoff
Control >= Cutoff Signal/Control Signal/Control
Control < Cutoff Signal/Cutoff No Data
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Reserve Control Channel

This option was previously known as Use Control Channel for Trust. This option tells
GeneSpring to use the control channel to determine the saturation of the color of your
genes. This is recommended when you imported the Signal to Control Ratio and the Con-
trol Channel.

Enter the value below which you do not trust the control signal in the Cutoff text box. By
default, this value is 10.0.

Intensity Dependent Normalization

Intensity dependent normalization (often called non-linear or LOWESS normalization) is
recommended for use in most two-color experiments. This step can be applied only to
chips with more than 100 genes. LOWESS normalization uses region designators in the
same way that other per-chip normalization methods do. For details, see “Region Normal-
ization” on page 5-12.

Intensity dependent normalization is a technique that is used to eliminate dye-related arti-
facts in two-color experiments that cause the Cy5/Cy3 ratio to be affected by the total
intensity of the spot. This normalization process attempts to correct for artifacts caused by
non-linear rates of dye incorporation as well as inconsistencies in the relative fluorescence
intensity between some red and green dyes. Such artifacts often result in a curve in the
graph of raw versus control signal (see panel A in Figure 5-2).

In the absence of bias, one would expect there to be no dependence of raw signal on con-
trol signal and thus the data points would be scattered symmetrically around the 45° line.

100000 100000 /
10000 / 10000 -
g ~

RAW
NORMALIZED

10000 100000 10000 100000

100 1000 100 1000
CONTROL ADJUSTED CONTROL

Figure 5-2 The Effect of Intensity Dependent Normalization

GeneSpring’s intensity dependent normalization feature fits a curve through the data and

uses this curve to adjust the control value for each measurement. When the resulting nor-
malized data are graphed versus the adjusted control value, the points are distributed more
symmetrically around the 45° line (see Figure 5-2, panel B). You can specify the percent

of data to be used for smoothing. By default, this value is 20.0%.

To counter the problem of taking logarithms of negative values (in subsequent steps), and
to discount outliers, the raw and control values for each spot (R, G) are shifted by a con-
stant:
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...where f(A) is the fitted function of the transformed data, and the coordinates are trans-
formed by the operation:

- {1 /21 /2}
-1 1

The last step of the transformation is performed because normalizations in GeneSpring are
accomplished by adjusting the control value and leaving the raw value unchanged. The fit
of the data, f(A) is made using the LOWESS algorithm where the value f= 0.2 is used for
the fraction of the total data points used for smoothing at each point (see “References” on
page 5-21 for more information on the LOWESS algorithm). The degree of the polyno-
mial fitted is 1. For efficiency, the regression is not calculated at each data point, but at a
progressively fitted mesh that adjusts to the sparsity of the data.

If you attempt to re-normalize an experiment that has been constructed using the Merge-
Split Experiment tools, you will be unable to apply intensity dependent normalization. The
control values in merged experiments have already been adjusted and thus do not reflect
the intensity of the reference dye.

If you perform an intensity dependent normalization, it is usually not necessary to perform
a per chip normalization. Like normalizing to the distribution of all genes, intensity depen-
dent normalization should not be used on specialized arrays that contain a small number
of genes, or on arrays where a majority of the genes may react similarly to experimental
conditions.
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Per Chip Normalizations

Per Chip normalizations control for chip-wide variations in intensity. Such variations may
be due to inconsistent washing, inconsistent sample preparation, or other microarray pro-
duction or microfluidics imperfections. GeneSpring does not allow you to perform more
than one per chip normalization, as they all address the same issue.

There is no dedicated option for region normalization. However, if you have region desig-
nators, all per-chip normalizations are performed on each region independently.

Normalize to a median or percentile

This option allows you to divide all of the measurements on each chip by a specified per-
centile value. By default, this value is 50.0%. To change this value, enter a new one in the
text box. You do not have to restrict the measurements used in the calculation of the per-
centile. You can limit measurements based on a specified cutoff or by flag values.

If measurements are limited by flag values, the percentile is calculated using only the
genes that pass the flag restriction. To limit measurements by flag values, check the Use
only measurements flagged box and select the appropriate option from the pull-
down menu. The available options are:

* Present Only
* Present or Marginal
* Anything but Absent

If measurements are limited by a cutoff, the percentile is calculated from all measurements
above the cutoff. This cutoff can be in either raw or partially normalized units.

The Raw Signal option means that the cutoff is applied to the raw measurements in the
original data file. These measurements are back-calculated based on the previous normal-
ization steps. Rounding errors may be introduced in this process.

Partially normalized means that the cutoff is applied to the gene values resulting from the
previous normalization steps (which may or may not be equivalent to the raw measure-
ments).

To limit by a cutoff:
1. Check the Use only measurements with box.

2. Select whether to limit by raw signal or current normalized values from the pull-down
menu.

3. Enter the cutoff figure in the text box. The default value is 10.0.

You can choose to apply additional background correction in this step. To apply back-
ground correction, check the appropriate box in the Background Correction section of the
screen. You have the following options:

* Never apply extra background correction

+ Always apply extra background correction—Prior to taking the specified percentile,
the bottom tenth percentile is used as a background correction and subtracted from all
genes
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* Ifneeded apply extra background correction—For samples in which the bottom
tenth percentile is less than the negative of the specified percentile, the tenth percentile
is used as a background correction and subtracted from all genes before the specified
percentile is taken.

Note: Global Per Chip normalization is not recommended in any experiment where more
than 50% of the genes on the chip are likely to be affected similarly by the experi-
mental conditions. For example, if a chip containing only known growth factors
were used to study differential expression in malignant and benign tumors, you
might expect a majority of the genes to be differentially expressed. In this case,
applying a per chip normalization would mask the changes in expression.

Normalize to Positive Control Genes

Some chips come with positive controls (mnRNA from another genome or housekeeping
genes), which are used to control for differences in the amount of exposure between sam-
ples. The formula for this difference is:

(signal strength of gene A in sample X)

(median signal of the positive controls in sample X)
To normalize to positive control genes, first enter a list of genes. This gene list can be

typed in or loaded from a file.

To type in a gene list, simply enter a gene in each line of the text box provided. Right-click
in this box to use the Copy and Paste options.

To load a gene list from a file, click Load From File and select the gene list from the
browse window that appears. If there are already genes listed when you click Load
From File, the genes from the list you select are added to the existing list of genes. Any
genes you have already entered are not overwritten.

Note: This text box can contain no more than 32,000 text characters (including carriage
returns).

Select the percentile of the positive controls by which to divide each sample. By default,
this value is 50.0%.

You can limit measurements based on a specified cutoff or by flag values.

If measurements are limited by flag values, the percentile is calculated using only the
genes that pass the flag restriction. To limit measurements by flag values, check the Use
only measurements flagged box and select the appropriate option from the pull-
down menu. The available options are:

* Present Only
* Present or Marginal
* Anything but Absent

If measurements are limited by a cutoff, the percentile is calculated from all measurements
above the cutoff. This cutoff can be in either raw or partially normalized units.

The Raw Signal option means that the cutoff is applied to the raw measurements in the
original data file. Negative numbers are allowed. These measurements are back-calculated
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based on the previous normalization steps. Rounding errors may be introduced in this pro-
cess.

Partially normalized means that the cutoff is applied to the gene values resulting from the
previous normalization steps (which may or may not be equivalent to the raw measure-
ments).

To limit by a cutoff:
1. Check the Use only measurements with box.

2. Select whether to limit by raw signal or current normalized values from the pull-down
menu.

3. Enter the cutoff figure in the text box. The default value is 10.0.

You can choose to apply additional background correction in this step. To apply back-
ground correction, check the appropriate box in the Background Correction section of the
screen. You have the following options:

* Never apply extra background correction

+ Always apply extra background correction—Prior to taking the specified percentile,
the bottom tenth percentile is used as a background correction and subtracted from all
genes

+ If needed apply extra background correction—For samples in which the bottom
tenth percentile is less than the negative of the specified percentile, the tenth percentile
is used as a background correction and subtracted from all genes before the specified
percentile is taken.

Normalize to a Constant Value

If you are using a technology that calculates its own number for normalization, you will
want to use constant values. For instance, Affymetrix’s Global Scaling™ centers your data
around 2500; in this case you would need to normalize your data to 2500 to center it
around 1.

(signal strength of gene A in sample X)

(hard number in sample X)
To normalize to a constant value, simply enter the desired value in the Per Chip:

Normalize to a constant value text box. By default, this value is set to 1.0.

Region Normalization

Regions are assigned in the column editor during the data loading process. For more infor-
mation, see “Using the Column Editor” on page 3-9. If you have defined regions in your
data, all normalization steps are applied on a per-region basis.

There are three ways of designating regions:
» Each data file for a sample is assumed to be a separate region
+ Each distinct value in the Region Column is designated as a region

+ A specified list of region codes (which may or may not be suffixes in the region col-
umn). This option is included for backwards compatibility.
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The Affine Background Correction

If negative values form a large fraction of your data set, GeneSpring may automatically do
what is known as the affine background correction. If a large percentage of your data are
negative, normalization can be a problem. For instance, the median, which GeneSpring
divides your data by in Use Distribution of All Genes, can be very small or even negative.

In such cases, GeneSpring readjusts the background level for your data by adding a con-
stant to all raw control strengths such that the 10th percentile is set equal to 0. The affine
background correction is applied only when the 10th percentile is more negative than the
median of the data are positive. If the correction is applied, a warning message appears
during data loading. Also, in the Gene Inspector, control strengths adjusted by this correc-
tion are flagged with asterisks.

You can choose to apply additional background correction in this step. To apply back-
ground correction, check the appropriate box in the Background Correction section of the
screen. You have the following options:

* Never apply extra background correction

+ Always apply extra background correction—Prior to taking the specified percentile,
the bottom tenth percentile is used as a background correction and subtracted from all
genes

+ If needed apply extra background correction—For samples in which the bottom
tenth percentile is less than the negative of the specified percentile, the tenth percentile
is used as a background correction and subtracted from all genes before the specified
percentile is taken.

Per Gene Normalizations

Divide by Specific Samples

In this normalization, each gene is divided by the intensity of that gene in a specific con-
trol sample or by the average intensity in several control samples. The formula for this is:

(signal strength of gene A in sample X)

(signal strength of gene A in the control sample|s])

Or,

(signal strength of gene A in sample X)

(average signal strength of gene A in several control samples)
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% Per Gene: Normalize to specific samples
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™ Require the control values to be flagged as
™ Use only measurements with

Figure 5-3 per gene: Normalize to specific samples window

Specify whether to divide by the mean or median by selecting from the pull-down menu at
the top of the screen.

Choose a pair of samples and their control samples by checking the boxes next to the
desired samples or typing them into the table below. Copy and Paste functions will also
work in this table. Use commas or semicolons to separate samples, or dashes to indicate a
range of samples. To select all samples in a column, click Check Al1l. To unselect all
samples in a column, click Clear All.

To define a new pair, use the Add Row button. To remove a pair, use the Delete Row
button.

You can limit measurements based on a specified cutoff or by flag values.

If measurements are limited by flag values, the percentile is calculated using only the
genes that pass the flag restriction. To limit measurements by flag values, check the Use
only measurements flagged box and select the appropriate option from the pull-
down menu. The available options are:

* Present Only
* Present or Marginal
* Anything but Absent

If measurements are limited by a cutoff, the percentile is calculated from all measurements
above the cutoff. This cutoff can be in either raw or partially normalized units.

The Raw Signal option means that the cutoff is applied to the raw measurements in the
original data file. These measurements are back-calculated based on the previous normal-
ization steps. Rounding errors may be introduced in this process.
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Partially normalized means that the cutoff is applied to the gene values resulting from the
previous normalization steps (which may or may not be equivalent to the raw measure-
ments).

To limit by a cutoff:
1. Check the Use only measurements with box.

2. Select whether to limit by raw signal or current normalized values from the pull-down
menu.

3. Enter the cutoff figure in the text box. The default value is 10.0.

Note: You cannot perform this normalization and normalize to the median of each gene,
because they address the same issue.

Normalize to Median

This per gene normalization accounts for the difference in detection efficiency between
spots. It also allows you to compare the relative change in gene expression levels, as well
as display these levels in a similar scale on the same graph. GeneSpring uses the following
formula to normalize to the median for each gene:

(signal strength of gene A in sample X)

(median of every measurement taken for gene A throughout your experiment)

If the median of the gene’s measurements is below the specified cutoff value, the cutoff is
used instead. This cutoff can be in either raw or partially normalized units.

The Raw Signal option means that the cutoff is applied to the raw measurements in the
original data file. These measurements are back-calculated based on the previous normal-
ization steps. Rounding errors may be introduced in this process.

Partially normalized means that the cutoff is applied to the gene values resulting from the
previous normalization steps (which may or may not be equivalent to the raw measure-
ments).

GeneSpring does not allow you to perform this normalization and normalize to sample(s),
as they address the same issue.

Median Polishing

Median polishing means that each chip is normalized to its median and each gene is nor-
malized to its median. These normalizations are repeated until the medians converge, up to
a maximum of five iterations. This limit prevents endless looping if the normalization
coefficients do not converge.

If measurements are limited by flag values, the percentile is calculated using only the
genes that pass the flag restriction. To limit measurements by flag values, check the Use
only measurements flagged box and select the appropriate option from the pull-
down menu. The available options are:

* Present Only
* Present or Marginal
* Anything but Absent
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If measurements are limited by a cutoff, the percentile is calculated from all measurements
above the cutoff. This cutoff can be in either raw or partially normalized units.

The Raw Signal option means that the cutoff is applied to the raw measurements in the
original data file. These measurements are back-calculated based on the previous normal-
ization steps. Rounding errors may be introduced in this process.

Partially normalized means that the cutoff is applied to the gene values resulting from the
previous normalization steps (which may or may not be equivalent to the raw measure-
ments).

To limit by a cutoff:
1. Check the Use only measurements with box.

2. Select whether to limit by raw signal or current normalized values from the pull-down
menu.

3. Enter the cutoff figure in the text box. The default value is 10.0.

You can choose to apply additional background correction in this step. To apply back-
ground correction, check the appropriate box in the Background Correction section of the
screen. You have the following options:

* Never apply extra background correction

* Always apply extra background correction—Prior to taking the specified percentile,
the bottom tenth percentile is used as a background correction and subtracted from all
genes

+ Ifneeded apply extra background correction—For samples in which the bottom
tenth percentile is less than the negative of the specified percentile, the tenth percentile
is used as a background correction and subtracted from all genes before the specified
percentile is taken.
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Normalization Strategies for Specific Technologies

Normalization of Affymetrix Data

Often data in affymetrix .chp files are either pre-scaled or are pre-normalized. While
Affymetrix’s scaling and normalizations are designed to meet the same needs as Gene-
Spring’s, they are not equivalent.

The Affymetrix global scaling procedure, which is comparable to GeneSpring’s per-chip
normalization, scales the data of each chip to a user-defined target intensity. However,
GeneSpring’s per chip normalization option, Use Distribution of All Genes, divides each
intensity value by the median of all of values on the chip. The resulting expression levels
on each chip are centered around 1.

For pre-scaled Affymetrix data, we recommend applying per chip normalizations using
the distribution of all genes. In addition we recommend applying a per gene normalization
using the median of each gene. The greatest benefit of performing these normalizations is
that each gene intensity is centered artificially around 1. Several GeneSpring functions
depend on scaling around 1, especially the cross-gene error model.

Normalization of Two-color Microarray Data

Like most other technologies, two-color experiment data should be normalized at the
gene-level (to standardize expression levels between genes) and at the chip level (to stan-
dardize expression values between arrays). Two-color experiments are designed to provide
an internal standard at the spot level. This per spot normalization often provides the same
scaling that would be provided by a per gene normalization, and thus per gene normaliza-
tion is often unnecessary.

Per Chip normalizations are useful in two-color experiments to standardize the global
intensities across multiple arrays. Even after applying a per spot normalization, global
variability between chips often remains due to differences in the total amount of the dyes
added to the sample and reference samples from one chip to another. However, the inten-
sity dependent normalization option (which is actually a per gene normalization) succeeds
in centering all of the values on each array around 1. In addition it provides protection
from dye incorporation artifacts that lead to unwanted relationships between signal inten-
sity and normalized expression values (see “Intensity Dependent Normalization” on

page 5-8).

It is generally recommended to apply a per spot normalization using the Divide by control
channel option, followed by selecting the Per Chip Normalization step. Both of these
normalization options can be accessed by selecting Experiments > Experiment Normal-
izations....

Region Normalization

This normalization option allows you to normalize sections of a sample rather than nor-
malizing over the entire sample. This is especially important if you used multiple arrays
for each experimental point or if there is some reason you must normalize sections of an
array separately from one another. Region normalization is not a separate mathematical
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formula the way the previous normalizations discussed in this chapter are. Using this nor-
malization means if you normalize to negative controls, to positive controls or normalize
each sample to itself you do not actually normalize over each sample, but rather perform
the normalization over each region. Hence the formulas for these normalization options
become:

Normalizing to Negative Controls for a Region:

(the control strength of gene A in region Y of sample X)

(the median signal of the negative controls in region Y of sample X)

Normalizing to Positive Controls for a Region:

(the control strength of gene A in region Y of sample X)

(the median signal of the positive controls in region Y of sample X)

Normalizing Each Region to Itself:
(the signal for gene A in region Y of sample X)

(the median signal of the genes region Y of sample X)

Dealing with Repeated Measurements

Single Data File

Occasionally the raw experimental data in the data file for your sample has more than one
line devoted to a particular gene. This may be because you did the sample twice or
because you did the sample once but took the measurements twice. If the same gene name
is reported multiple times on different horizontal lines in your data file, GeneSpring auto-
matically considers the measurements repeats and averages the signal strengths together.

GeneSpring reports the average and keeps track of the minimum and maximum values for
each gene, but it cannot access the particular values falling between the minimum and
maximum values. The formula for averaging a repeated gene is:

[(the signal strength of gene Al) + (the signal strength of gene A2) +... + (the signal strength of gene An) |
N

This process is repeated for each gene repeated in a data file before any other normaliza-
tions are applied to the raw values.

Frequently samples are repeated with exactly the same parameters, but are reported in dif-
ferent data files. If this is the case, the fact the samples are repeats is represented via
parameter. The same normalization is employed when dealing with an experimental
parameter considered to be a repeat, but in that case the averaging takes place after the raw
data for each gene has been normalized. See “Experiment Parameters™ on page 3-29 for
more information about repeats reported in separate data files.
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Mathematical lllustration of the Dealing with Repeated Measurements
in a Single Data File Method

Given this raw data, with four repeats of YMRI99W (marked with the arrows):

* YMR199W 1117
YHME200W 1384
YMR201C 1101
YMR202W 1357
YMR2Z203W 1162
YMR204C 1464
YME2 064 9718
YMRT 9OV 273
YMR207C 1618
YME208W 1374
YMR209C 1432
YME210W 1068
YMR2Z211W 1568

> YMBR199W 1313
YMR212C 16386
YMR213W 1648
YMR214W 1282

* YMR199W 1218

> TMRI199W 1496

GeneSpring averages all of the measurements of YMR199W to get a signal strength of
1286. GeneSpring notices the maximum control strength for YMR199W in this sample is
1496 and the minimum is 1117. These values are the end points of YMR199W’s error bar
which GeneSpring plots when you choose to display error bars in either the graph or the
scatter plot displays.

Measurement Flags

Measurement flags are markers in your data set, and data can be assigned as one of four
flags:

Passed (or OK)
Marginal
Absent

Failed
Unknown

Flags assigned by you when the experiment in entered into GeneSpring:

Good Data—data are present and reliable. Marked with a “P” for passed or “O” for ok.

Marginal Data—data are present, but of unknown or dubious quality. Marked with an
“M” for marginal.

Absent Data—There is no data available, and there should have been. Marked with an
“A” for absent or “F” for failed.

Flags assigned by GeneSpring:

Unavailable Data—If there is no flag in the column, GeneSpring assigns that mea-
surement a “U”.
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Only measurements at the highest available flag level are combined and treated as repli-
cates. The order of flag precedence is P M U A. If one or more Ps are present, only Ps are
used. If no Ps are present and one or more Ms are present, only Ms are used, etc. Summary
statistics are collected over these cases and stored with the corresponding flag. All other
flag data are discarded for the gene. This is done when the experiment is loaded into Gene-
Spring and is not affected in any way by later choices about which codes are to be used or
displayed. The only way to avoid this is to not declare a flag column during data load, in
which case the flags are not available for other uses.

For information about measurement flags and how to load them into your experiment, see
“Using the Column Editor” on page 3-9.

Negative Control Strengths

Some types of microarray technology report negative control strengths. This is usually the
result of subtracting estimated background levels that are larger than the raw signal. This
can happen in situations where the expression levels of the gene are low compared to the
measurement error. It can also happen when there is background subtraction or when a
mismatched probe set has higher intensity levels than the perfect match probe sets.

If negative signal levels occur in a large fraction of the data used for normalization, there
can be problems with the normalization, as the median across the normalization set can be
very small or even negative. This leads to unreasonable results of normalization. In such
cases, which only occur in a few situations, GeneSpring does an extra step in the normal-
ization, where it readjusts the background level for that data by adding a constant to all the
raw control strengths in such a way that the 10th percentile of the signal is set equal to 0,
before proceeding with the median normalization. This correction, called the affine back-
ground correction, is applied only when the 10th percentile of the data is more negative
than the median of the data is positive. A warning message appears when you first load
your data into GeneSpring if this background correction has been applied.

Whether or not the above correction is applied, negative signal levels may still be present
for a few measurements. GeneSpring offers the option as the last step of normalization to
set these values to zero. Also, when interpreting data in logarithm or fold interpretations,
GeneSpring treats all normalized ratio values less than 0.01 (including 0 and negative val-
ues) as if they had a ratio of 0.01 to prevent transformation problems.
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Creating and Editing Gene Lists

You can create a gene list by selecting EAit Gene List. .. from the Edit menu. The
Gene List Editor screen appears. From this screen you can create a new gene list based on
a variety of selection criteria, or add/remove genes from existing gene lists. This screen is

very similar to the Sample Manager.

%, Gene List Editor

E- Gene Lists
L1 EC

LI PIR keywords

1 simplified Gene Ontology
‘ all genes

% al genomic elements

8 ACGCGTin all ORFs

Reset

Filter on Gene List |Type a List| Filter on Annotation | Shaowe All |

(1 PCAYeastcell cycle time series (no 90 min)

Filter Results(117)

| |vPLzoaw
GRS

TR VN

add | Adaa |

. Lt G L [ Common Name |wnunym | il

2vE1

=

| RemoveAII| Insped...| ShowAnnotations|

Mew Gene List(1)

| |vPrOTEW

Save Gene List| Cancel | Help ‘

. Lt G L [ Common Name |wnunym |

Figure 6-1 The Gene List Editor window

The left side of the screen contains tabs for each filtering method. Click a tab to view

options for that method. These methods are:

» Show All—Display all available genes without applying a filter

+ Filter on Annotation—Display genes based on a specified annotation
» Type a List—Manually enter a list of genes
+ Filter on Gene List—Display genes from a selected gene list

The right portion of the screen contains two tables. The upper table contains all of the
genes resulting from the current filtering method. The lower table contains the genes you
have selected to add to your list. Between the two tables are six buttons.
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Filter Result={117)
. Systematic Name|(# Mame |“' | il

| |vPLzoaw
| |vPLis3c v

-
WA A

Add | Adaan | | Remove All | Inspect.. | Show Annotations |

Mew Gene List{1)
. Systematic Name|(# Mame |“' |
| |vPrO7EW

Figure 6-2 Gene Tables

The buttons are as follows:

Add—Add a selected gene in the Filter Results table to the New Gene List table.
Add All—Add all genes in the Filter Results table to the New Gene List table.
Remove—Remove a selected gene from the New Gene List table.
Remove All—Remove all genes from the New Gene List table.

Inspect—View the selected gene in the Gene Inspector. For more information on
the Gene Inspector, see “The Gene Inspector” on page 4-10.

Show Annotations—Show or hide annotations from a gene list.

Filtering Methods

Filter on Gene List

To filter on gene list, use the GeneSpring navigator to locate the desired gene list and
select it in the list. All genes in that list appear in the Filter Results table.

Filter on Gane List | Type a List | Filter on Annotation | Show all |

EHA Gene Lists
0 EC
H1 PCA Yeast cell cycle time series {na 90 miny
+_1 PIR keywards

] Simplified Gene Ontology

—m all genes

—m all genomic elements

—&1 ACGCGT in all ORFs

o Gllike MR 99V (CLNT) (0.95)

E
E
E
E

Reset
Figure 6-3 The Filter on Gene List tab
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Type a List

This method allows you to manually enter a list of genes. To enter genes, simply click in
the gene list box, type a gene’s Common Name, Systematic Name, Synonym, or GenBank
Accession Number and press Enter. You can also use copy and paste to enter one or more
genes to this list.

If the gene is found, it appears in the Filter Results table. If the gene is not found, it is col-
ored in red. To clear your entries, click Reset. This removes all entered genes from both
the list of genes you have typed in and the Filter Results table.

Filter on Annotation

This method allows you to filter genes based on text or values in a specified annotation.

Filter on Gene List| Type a List Filter on Annotation |Sh0wAII |
Search for

Search in
Check All | Clear All v PubMedID -
[v Systematic Name Iv¥ Custom Field 1
W Comrmon Name ¥ Custom Field 2
¥ Synonym Iv¥ Custom Field 3 »
Options

[” Case Sensitive
™ Whole Words Only
¥ Use * as WildCard

Search | Reset

Figure 6-4 The Filter on Annotation tab

To filter on annotation:
1. Enter a search term in the Search For text box.
2. Select the annotation fields to search in. You have the following options:

+ Systematic Name
*  Common Name

*  Synonym

* Notes

* GenBank Accession Number
« EC

* Description

* Product

* Phenotype

* Function

» Keywords

* PubMed ID

e Custom Fields 1-3
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* Type

+ DBid

* GO Biological Process

* GO Molecular Function

* GO Cellular Component

* RefSeq

* UniGene

* Any custom annotation fields you may have added

Some fields may not be visible due to window size. To view all fields, scroll down in
the Search In panel. To check all boxes, click Check Al1l. To uncheck all boxes, click
Clear All.

. Select any desired search options. The available choices are:

» Case Sensitive
* Use Whole Words Only
e Use * as WildCard

. Click search. Genes matching the specified search parameters appear in the Filter
Results table.
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Working with Gene Lists

The Find Similar Command

Similar lists in the Gene List Inspector window are gene lists that contain a significant
number of overlapping genes with the one selected. The p-value is calculated using the
hypergeometric probability. This equation calculates the probability of overlap corre-
sponding to k£ or more genes between a gene list of # genes compared against a gene list of
m genes when randomly sampled from a universe of u genes:

Az

The “standard list” checkbox in the Gene List Inspector window allows you to define a
newly created list as “standard list”. If a list is defined as standard, the list is included in
the search for similar lists. Some lists, such as those created using the Simplified Gene
Ontology tool, are automatically defined as “standard lists”.

You can also change the GeneSpring Preferences to allow the program to search through
all lists in your genome for similar lists. Open Edit > Preferences, select the Mis-
cellaneous tab and change the settings under Restrict Gene List Searches.

Each gene expression profile must contain the set minimum correlation to be considered
similar. The higher you set the minimum correlation (maximum 1), the closer the gene
expression profiles must be.

To make a list with the Find Similar command:
1. Double-click a gene to bring up the Gene Inspector.

2. Click Find Similar. The New Gene List window appears, which includes the
genes in that list, as well as lists that are similar to your new gene list.
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ew Gene List (6,127 genes)
[WEly Bl ormalized Data between 0.01 and 20

Folder |

Veast cell cycle time series (no 90 min) expression normalized data from 0.01 to 20 in atleast 8

of 16 conditions.
Motes

EHA Gene Lists LR 3EEW ﬁl
1 PCA Yeast cell cycle time LRSI

WLR3IETW Ribhosomal protein S22B (S24B) (rpa0) (vY522)
LIPIR keywords YLR3G2W SeruThr protein kinasel; MEKK homalog

4 Simplified Gene Ontology YLR363C putative Upfl p-interacting pratein

LR 3E 4

WLR3IT1W GDP-GTP Exchange Protein (GEP) for Rholp
WLR3IT2W involved in fatty acid biosynthesis

WLR3IT3C vacuale import and degradation

LR IEEW
WLRIBIW mitachandrial hsp?0-type malecular chaperone
WLR3TO0C Arp2v3 Complex Subunit j
Similar lists: ™+ Show as List © Show as Mavigator
F value List Mame 1=
0.0 FCA component 1
0.0 FCA component 2
0.0 FCA component 3
0.0 FCA component 4
0.0 FCA component 5
0.0 FCA component 6
0.0 FCA component 7 M
0.0 FCA component 8
K — | 5

Save Cancel
Figure 6-5 The New Gene List window

3. Enter a name for the new gene list, or accept the default and click Save.

The Find Similar Genes Window

This command allows you to set up complex correlations against the inspected gene.
These correlations may involve more than one experiment or condition or extra restric-
tions on experiments.
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*. Find Similar Genes

EHA Gene Lists

T pot veast cell cycle time Choose Target Gene... | YALOO3IW

L1 PIR keywords ACGCGT in all ORFs

3 Simplified Gene Ontology Similarity Measure: Pearson Correlation hd

%] all genes Weight |Phase Offset |Experiment Na‘ Interpretation |Mode I_|
%1 al genomic elements

1 1] ‘east cell eycle  Default Interpret Log of ratio
37 like YMR1 89 (CLNT) (0. | | ————— /7]
E“?___E’fpe”mems Find genes similar to YALOO3W
i ‘.r'?ast cell cycle time serie L —1 37 outof 556 genes pass filter W Interactive Update
‘: DRt I EiSiETe - Cumulative Distribution | —" &4
% All Samples B
=k —05 1
s |-
i
® 1300
5
=] -0
= J
(=]
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©
a - ]
--0.45
- -1 -0.5 0 0.5 1
___1 Minimum: |0.51 Maximum: |1 View: |Cumulative Distribution j

Computation Preferences
+ Compute locally " Compute on a GeMNet RemoteServer

Frogress: |

Local run time estimate: Seconds
N |

stat | Close | Help |

Figure 6-6 The Find Similar Genes window

You can view the preview pane as a cumulative distribution, a graph, or by linking the pre-
view to the main GeneSpring window. When you are working with large experiments, you
may want to uncheck the Interactive Update box to the upper right of the preview pane to
avoid slowing the analysis.

1. Double-click a gene to bring up the Gene Inspector.
2. Click Complex Correlations. The Find Similar Genes window appears.

This window can also be accessed by selecting Tools > Find Similar Genes
from the GeneSpring main menu. In this case you must also click Choose Target
Gene and enter a gene name on the Find Target Gene screen. For more information on
this screen, see “Performing an Advanced Search” on page 4-4.

3. Select a gene list from the navigator and click Choose Gene List.
4. Select an option from the Similarity Measure menu. Available options are:

» Standard Correlation

* Smooth Correlation

* Change Correlation

+ Upregulated Correlation

» Pearson Correlation

* Spearman Correlation

* Spearman Confidence

* Two Sided Spearman Confidence
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5.

8.
9.

» Distance
You can specify minimum and maximum settings for the similarity measure by moving
the sliders or entering values in the appropriate fields.

Select an experiment or condition in the navigator and click Add. The New Correlation
window appears.

%, Correlation Settings

Target Gene: EFB1

Experiment: Yeast cell cycle time series (no 90 min) (Default Interpretation)

EFE1
109

TR

014

Mormalized Intensity {log scale)

0014 time {minutes)
) 0 10 20 30 40 50 60 70 &0 100 120 140 160

Weight: 1 ™ Weight by Control Strength

Fhase Offset: 0 minutes Parameter. |time -

QK | Cancel| Help |

Figure 6-7 The Correlation Settings window

A cumulative distribution graph of gene correlations appears in the center of the New
Correlation window. The horizontal axis shows the correlation from zero to 1. The ver-
tical axis represents the number of genes. The green lines are your specified maximum
and minimum values. If you change these values the green lines move accordingly.

If desired, enter new values for Phase Offset and Weight. You can select a parameter
from the pull-down menu in the phase offset section.

. Click OK. You are returned to the Find Similar Genes window. You can now add addi-

tional experiments or conditions if you wish. For more information on this portion of
the screen, see “The Correlations table” on page 6-10.

To remove an experiment or condition, click on the name of the experiment or condi-
tion in the white center box and click Remove. To change the settings, click the exper-
iment’s name to select its row and click Edit.

Specify whether to run the search locally or on a GeNet Remote Server.

When you are done, click OK. The New Gene List window appears.

10.Name your gene list and click Save. The list appears in the Gene Lists folder of the

main navigator.
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The Correlations table

The Correlations table lists the experiments chosen to correlate against the specified gene.
The experiments selected may be weighted, making one more important than another. If
both experiments chosen are given a weight of 1, they are averaged equally. To modify an
experiment’s weight, click in the Weight column to the left of its name and enter a new

weight.

The equation used to determine the overall correlation is:

X=(Aa +Bb+Cc+...)

(a+b+c+..)

The correlation coefficient between the gene in question in experiment 1 and the selected
gene, also from experiment 1.

a The weight specified for experiment 1.

The correlation coefficient of the gene in question in experiment 2, to the selected gene,
also from experiment 2.

b b is the weight associated with experiment 2.

The correlation coefficient of the gene in question in experiment 3 to the selected gene,
also from experiment 3.

c The weight associated with experiment 3.

...and so on.

Experiments 1, 2, 3, and so forth, are all of the experiments selected in the white Correla-
tions table. If X is between the minimum and maximum correlations specified in the Find
Similar Genes window, the gene in question passes the correlations.

Standard Correlation

Measures the angular separation of expression vectors for Genes
A and B around zero.

Result = a.b/(|a|[b])

Smooth Correlation

Make a new vector A from a by interpolating the average of each

consecutive pair of elements of a. Insert his new value between the
old values. Do this for each pair of elements that would be con-
nected by a line in the graph screen. Do the same to make a vector
B from b.

Result = A.B/(|A|[B])

Change Correlation

Make a new vector A from a by looking at the change between
each pair of elements of a. Do this for each pair of elements that

would be connected by a line in the graph screen. The value cre-
ated between two values a; and a;;4 is atan(aj;4/a;)-n/4.Do the

same to make a vector B from b.
Result = A.B/(JA||B|)
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Upregulated
Correlation

Make a new vector A from a by looking at the change between
each pair of elements of a. Do this for each pair of elements that

would be connected by a line in the graph screen. The value cre-
ated between two values a; and a;;4 is max(atan(a;;4/a;)-n/4,0). Do

the same to make a vector B from b.
Result = A.B/(|A|[B))

Pearson Correlation

Calculate the mean of all elements in vector a. Then subtract that
value from each element in a. Call the resulting vector A. Do the
same for b to make a vector B.

Result = A.B/(|A|[B])

Distance

Distance is not a correlation at all, but a measurement of dissimilar-
ity. Distance is the measurement of Euclidian distance between the
expression profile for gene A (defined by its expression values for
each point in N-dimensional space, where N is the number of condi-
tions with data in your experiment) and the expression profile for
gene B.

Result = |a-b| divided by the square root of the number of condi-
tions with data

Spearman Correlation

Order all the elements of vector a. Use this order to assign a rank to
each element of a. Make a new vector a' where the i" element in Q'
is the rank of a;in a. Now make a vector A from a' in the same way
as A was made from a in the Pearson Correlation. Similarly, make
a vector B from b.

Result = A.B/(|A|B|)

Spearman Confidence

Compute a value r of the spearman correlation as described above.

Result =1-(probability you would get a value of r or higher by
chance.)

Two sided Spearman
Confidence

Compute a value r of the spearman correlation as described above.

Result =1-(probability you would get a value of || or higher, or -|r| or
lower, by chance.)

Making Lists by Applying Filters

To make a list from filter data, open any filter window, set the desired options, and click
Save. ... The New Gene List window appears.
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Figure 6-8 The New Gene List window

Enter a name and destination folder for the new gene list, or accept the default and click
Save. To specify the location for the destination folder, select the desired parent folder
from the navigator.

Making Lists from Properties

You can make gene lists based on the properties (annotations) contained in your master
gene table. These lists are not ordered.

To make a list from properties:

1.

Select Annotations > Make Gene List from Properties
(pre-4.1 users select Tools > Make Gene List from Properties).

Choose a property on which to base your list from the pull-down menu.

Uncheck the Divide by semicolons box if you do not want your data separated by semi-
colons.

You can specify to include a list only if it has a certain number of members, or you can
include all lists.

By default, GeneSpring removes gene lists with one or fewer members. Change this
number in the text box provided, or include everything by unchecking the Remove
classifications with 1 or fewer box.

Enter a name for your gene list folder.
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6. Click OK. A new folder with the gene list you created appears in your Gene Lists
folder.

Making Lists with the Venn Diagram

A Venn Diagram allows you to quickly visualize genes common to more than one gene
list. You can also find genes present only in a particular list. The gray area behind the cir-
cles represents the Venn Diagram “universe” (the selected gene list). Genes in the selected
list that are common to gene lists represented by the Venn diagram circles appear as num-
bers in those circles. For information about creating and filling Venn Diagrams, see “Color
by Venn Diagram” on page 4-32.

To make a list with a Venn Diagram:
1. Right-click the area of the Venn Diagram in which you want to make a list.
2. Select an option from the pop-up menu. A New Gene List window appears.
If you click in an area where two circles overlap, you have the following options:

* Make list of these genes—Ilist genes in the immediate geometric area.

* Make list of genes in both lists—Ilist genes common to the two circles, i.e. the
intersection.

* Make list of genes in either list—Ilist all genes in the two circles, i.e. the union.

If you click in an area where three circles overlap, you have the following options—

* Make list of genes in all lists—Ilist genes common to the three circles, i.e. the inter-
section.

* Make list of genes in any list—Ilist all genes in the three circles, i.e. the union.

If you click a non-overlapping (gray) area, you can make a list of genes in that section
only.
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Figure 6-9 A Venn diagram with pop-up menu

3. Specify the gene list from which to obtain associated numbers and click OK.

4. Name and save your new list.

In views where lists can be ordered, such as the Ordered List and Compare Genes to
Genes views, lists made from the Venn diagram are ordered according to the values asso-
ciated with the lists you used to create the Venn Diagram. When more than one of these
lists has values, genes are ordered according to the values of the last list added to the Venn
diagram when it was created.

Making Lists from Classifications

You can generate gene lists from any classification. For example, if you have a 5-cluster k-
means classification, you can view which genes are in each cluster by making a gene list
from the k-means classification.

To make a gene list from a classification:
1. Right-click a classification in the Classifications folder in the navigator.

2. SelectMake Gene Lists. GeneSpring creates a gene list folder for the classifica-
tion containing one list for each cluster.

This folder appears in the Gene Lists folder in the navigator.

Making Lists from Selected Genes

This command allows you to make lists from genes you select graphically.

Analyzing Data 6-14



Working with Gene Lists

There are two ways to select a set of genes. If genes are grouped together in the browser,
you can select a set the same way you select an area to enlarge:

1. Hold down the shift key, click on a region, and drag a rectangle across the desired area
to select.

2. Release the mouse button before releasing the shift key. Selected genes appear in
white.

Alternately, you can select multiple genes by clicking over their representative lines or
rectangles while holding down the shift key.

3. Once you have selected all the desired genes, right-click in the genome browser and
selectMake List from Selected Genes from the pop-up menu. A New Gene
List window appears.

4. Name your list and click Save.

For more information about this window, see “Creating and Editing Gene Lists” on
page 6-2.

Creating Expression Profiles

The Creating Expression Profiles function allows you to draw a pseudo-gene to represent
a hypothetical expression pattern. This function is useful if you have some idea of what
gene expression pattern you are looking for, as you can simply draw a pattern and look for
genes that behave similarly.

You must be in Graph view to create an expression profile. Double-click the expression
profile to open the Gene Inspector for that gene.

To create an expression profile:

1. Select Tools > Draw Expression Profile. A new gene appears on the
screen at the normalized median of your data (usually 1.0).

2. To change the shape of this gene, click on the gene and drag while holding down the
control key. (On Macintosh systems, Option-click.)

To save an expression profile:
1. Double-click the expression profile to open the Gene Inspector.
2. Click save Expression Profile.

3. Name the new profile and click Save. Your new expression profile appears in the
Expression Profiles folder in the navigator.

To make lists from expression profiles:
1. Double-click the expression profile to open the Gene Inspector.

2. Click Find Similar. A New Gene List window appears with a list of similar genes
and lists.

3. Name the list and click Save. Your new list appears in the genome browser and in
your Gene Lists folder.
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Pathways

A pathway is a graphical representation of the interaction between gene products in a bio-
logical system. Genes can be superimposed on the pathway, allowing you to view their
expression levels in a biological context. You can zoom in on a pathway, and move the
slider to watch gene expression change over the experimental conditions.

You can draw pathways yourself or use publicly available pathways such as KEGG
(Kyoto Encyclopedia of Genes and Genomes). One scenario in which a pathway can be
very useful is if you are trying to identify a class of genes that are associated with a partic-
ular step or regulatory element within a pathway.

Selected Pathwway: mitosis
Colared hy: Yeast cell cycle time series (no 90 mind (Default Interpreta. .
Gene List: all genomic elements (7 216)

Figure 6-10 A cell cycle pathway

KEGG (Kyoto Encyclopedia of Genes and Genomes) is a large public database containing
pathways for many organisms, all of which are available for download via FTP. To locate
pathways for a specific organism, go to the following URL:

ftp://ftp.genome.ad.jp/pub/kegg/pathways

Folders are named using three letter abbreviations based on the Latin name of the organ-
ism, i.e., “hsa” is Homo sapiens, “mmu” is Mus musculus.

To locate generic pathways, download the “maps” folder. This folder contains reference
pathways (metabolic and regulatory). These pathways contain enzymes rather than genes.
When you import an organism-specific pathway, the GENE file is parsed, and for each
KEGG accession number the gene names are stored (including the accession number
itself, if it is not fully numeric). All EC numbers are also stored.

GeneSpring first tries to match the first gene name with the genes in the current genome. It
is compared against systematic and common names. If no match is found, GeneSpring
attempts to match the second name, and so on. As soon as matching genes are found (often
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it is one gene, but sometimes there are more), GeneSpring stops any further processing in
order to decrease the chance of false matches.

If no matches are found, GeneSpring tries to match EC numbers. Because several genes
may correspond to the same EC number, in this case GeneSpring searches for matches to
all EC numbers in the GENE file. This reduces the possibility of a false match.

Importing a Pathway
Before you can import a pathway, you must download it from the above FTP site.

To import a pathway:

1. Select File > New Pathway > Import KEGG Pathway. The Import KEGG
Pathways window appears.

2. Navigate to the directory of pathways you downloaded from KEGG.

3. Ifdesired, check the box to group pathways alphabetically into subfolders of nine path-
ways each. (This is useful if you want to split a window by a group of pathways.)

4. 1If desired, check the box to create gene lists from the imported pathways. (If you
checked the box to group pathways into subfolders, the gene lists will also be grouped
by subfolders.)

5. Click OK.

6. In the screen that appears, accept the default or enter a new name for the folder of path-
ways.

7. Click OK.

Saving pathways may take several minutes.

Adding a Gene to a Pathway

Once you have successfully imported your graphic into GeneSpring, you can place genes
on top of the background image.

1. Open the appropriate Pathway in the navigator.

2. While holding down the Ctrl key, draw a box where you would like the gene to
appear on the pathway. (Macintosh users Option-click.) The New Genes on Pathway
window appears.

3. Enter the gene name, accession number, or keyword (such as a word in a gene’s
descriptor) and click OK. The gene name appears on the pathway.

If the gene name or keyword is present for more than one gene, another window
appears directing you to choose a gene ID from a list. Double-click on the appropriate
ID.

To remove a gene, right-click on the element and select Delete Pathway Element.

Finding New Genes on a Pathway

GeneSpring uses proprietary algorithms to predict the genes that fit near a selected point
on a pathway. When you select a point, GeneSpring makes two lists of genes from those
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currently displayed on your diagram. List A contains the two genes that appear closest to
your selected point on the diagram. List B contains all other genes on the pathway.

GeneSpring examines all the genes on your currently selected gene list and finds all genes
whose minimum similarity (correlation) with genes on list A is higher than their maximum
similarity with genes on list B. These genes are made into a separate list for you to exam-
ine. You can place a gene from this list on the pathway (see “Adding a Gene to a Pathway”
on page 6-17).

If your pathway geometry is complex, this procedure is not very useful, since it relies on
screen distance only, not pathway structure or connectivity.

To find new genes on a pathway:
1. Right-click near a group of genes displayed on your pathway.

2. Choose the option Find Genes Which Could Fit Here. The New Gene List
window appears.

3. Enter a name and destination folder and click Save. The new gene list is saved in your
Gene Lists folder.

Pathway Commands

Right-click your Pathway in the navigator for the following options:

+ Display Pathway—Displays the selected pathway in the genome browser.

* Make Gene List—Allows you to save a list of all the genes on the selected pathway.
+ Attachments—Allows you to add a text or picture attachment to your Pathway.

» Inspect—Displays a listing of details such as pathway history and genome.

* Publish to GeNet—Uploads your information and the pathway picture to GeNet (see
“Publishing Data to GeNet” on page 9-11.

* Rename Pathway—Allows you to rename your pathway.
* Delete Pathway—Deletes a pathway. A confirmation dialog box appears.

« Export as Zip—Allows you to export the pathway as a GeneSpring .zip file.

Regulatory Sequences

The Find Potential Regulatory Sequence window allows you to find common regulatory
sequences within genes in a gene list or to search for a known sequence. It also compares
the frequency of occurrence against all other gene lists in the genome.

This feature is useful for finding genes sharing similar regulatory sequences or having a
particular regulatory sequence in common.

When the regulatory sequences tool compares genes to the remainder of the genome, it
uses the “all genes” list. The “all genomic elements” list includes non-gene elements that
are not expressed.

In GeneSpring version 4.0 and later, the sequence information is loaded automatically.
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Note: To change the load automatically feature, select EAit > Preferences >
Data Files and uncheck the Load Sequence box.

# Find Potential Regulatory Sequences (Executed in 33 seconds)

EH3 Gene Lists Find New Sequence | Enter a Specific Sequence Search results (2,683) ‘ ‘
(0 Pea veast cell eyele i Details >
easteBl IRl | set Gene List »> A component 1
CIPIR keywords Sequence IOhsENEd IP-\raIuE Iil
U Simplified Gene Ontology | Number of Gens © 6127 (6,127 have sequence) ABRAA S23UE1ZT 104217
it all genes Search cyfbria ABARG G03656127 1.331e-243
81 all genomic elements Segfch before ORFs ASAAT 52358127  0.6B2%
f AAAGA 470056127 7.874e-108
;. (RBETOLEN T €D CIRIS From ’T To |500  bases upstream of each g ©
® | like YMRT 99 (CLNT) (0. ABAGC 333458127 0.133%
From |5 To |8 length oligonucl ARAGE 364406127 1.786e-39
AMAGT 3880/6127 8.822e-13
Allow Ns in Regulatory Seguence AACAR 426516127 | 5.954e-59
. AMCAG 285556127 1.893e-10
Nawgator AAGAA 4881/6127 | 3.088e 268
0 Ns in the exact middle AAGAG 340256127 1.803e-30
AAMGCA 319156127 2.884e-44
Statig; AAGCC 183656127 0.001%
Tabs Relative to upstream of other genes AAGCG 17FAE1ZT (021%
" Relative to whole genome AAGGC 213856127 2.657e-47
Probability Cutaff [0.05 AAGTE 264318127 |0142%
ACRAR 402756127 1.09e-22
¥ Do local nucleotide density correction A e s 302 5
Results 303
ACAGT 1914/6127 5.952e-7
Computation Preferences ACTGC 18696127 1.556e-7
@ Compute locally ¢ Compute on a GeNet RemoteSernver ACTTT 39260127 3.37e-13
Toeress | | AGAGA 28B3EI2T | 2516e-20
Local run time estimate: Seconds AGRGC 187356127 5.974e-11 ﬂ
g |
stan | [Eisse | Hep |

Figure 6-11 The Find Regulatory Sequences window

From this screen you can do the following:

* Find new sequences—This option searches for short sequences upstream of the genes
in the current gene list or across the entire genome.

+ Enter a specific sequence—This option allows you to enter a known sequence.
To find a new regulatory sequence:

1. Select Tools > Find Potential Regulatory Sequences. The Find
Potential Regulatory Sequences window appears.

2. Click the Find New Sequence tab at the top of the screen.
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Find Mew Sequence |Enter a Specific Sequence |

Set Gene List== | PCA component 1

Mumber of Genes : 6,127 (6,127 have sequence)

Search Criteria
Search before ORFs

From 10 To 500  bases upstream of each gene
From |5 To |8 length oligonuclectides

Allow Ns in Regulatory Sequence

From |0 To |0 single point discrepancies
From |0 To |0 Ms in the exact middle

Statistics
+ Relative to upstream of other genes

" Relative to whole genome
Probability Cutoff [0.05

Iv Do local nucleotide density correction

Figure 6-12 The Find New Sequence tab

3. Select a gene list from the navigator and click Set Gene List.

Note: Do not choose the “all genes” or “all genomic elements” gene lists. You are already
comparing your selected gene list against all other genes in the genome.

4. Enter the number of bases upstream of each gene in the Search Before ORF's sec-
tion of the window. For example, if you enter “From 10 To 100” on a search for
ACGCGT, GeneSpring searches for any part of the promoter within the region between
10 and 100. The smaller the range between these numbers, the greater the likelihood
that the results are statistically significant.

Larger sequences may take longer to search. You can also search for common
sequences within the ORF by using negative numbers for the bases.

5. Enter the length of the oligonucleotides to search for.

6. Enter the number of single point discrepancies allowed. This refers to a maximum
number of mismatches allowed. For example, if you specify one single point discrep-
ancy, ACGCGAT satisfies a search for ACGCGTT.

7. Enter the range of base gaps in the exact middle. This refers to the size of an allowable
hole in the middle of the sequence, allowing you to look for sequences such as
ACGnnnCGT, which is biologically relevant due to loops and non-binding areas.

The gap must be in the exact middle, with the longer side of odd sequences appearing
before the Ns. It does not count towards the sequence length specified; hence
ACGnnnCGT would be returned as an oligonucleotide of length 6.

8. Select whether the sequence is relative to the sequence upstream of other genes or rela-
tive to the whole genomic sequence. The first option is far more common.

The Probability Cutoff textbox indicates the level of significance (P-value) needed for
an oligomer to be listed in the results. You can change this value.

9. Specify whether to perform the operation locally or on a remote GeNet server.
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10.Click start. The button becomes a Stop button. The progress bar lengthens as your
search progresses. For very large genomes or complex search parameters, this opera-
tion may take a few minutes.

To enter a specific regulatory sequence:

1. Select Tools > Find Potential Regulatory Sequences. The Find
Potential Regulatory Sequences window appears.

2. Click the Enter a Specific Sequence tab at the top of the screen.

Find Mew Sequence Entera Spec[%c Sequence |

Set Gene List== | PCA component 1

Mumber of Genes : 6,127 (6,127 have sequence)

Search Criteria
Search before ORFs

From 10 To 500  bases upstream of each gene

Add Promoter
Sequence |

Allow Ns in Regulatory Sequence

From |0 To |0 single point discrepancies

Statistics
+ Relative to upstream of other genes

" Relative to whole genome
Probability Cutoff [0.05

Iv Do local nucleotide density correction

Figure 6-13 The Enter a Specific Sequence tab

3. Select a gene list from the navigator and click Set Gene List.

Note: Do not choose the “all genes” or “all genomic elements” gene lists. You are already
comparing your selected gene list against all other genes in the genome.

4. Enter the number of bases upstream of each gene in the Search Before ORF's sec-
tion of the window. For example, if you enter “From 10 To 100” on a search for
ACGCGT, GeneSpring searches for any part of the promoter within the region between
10 and 100. The smaller the range between these numbers, the greater the likelihood
that the results are statistically significant.

Larger sequences may take longer to search. You can also search for common
sequences within the ORF by using negative numbers for the bases.

5. Enter the promoter sequence in the Sequence box.

6. Enter the number of single point discrepancies allowed. This refers to a maximum
number of mismatches allowed. For example, if you specify one single point discrep-
ancy, ACGCGAT satisfies a search for ACGCGT'T.

7. Select whether the sequence is relative to the sequence upstream of other genes or rela-
tive to the whole genomic sequence. The first option is far more common.

The Probability Cutoff textbox indicates the level of significance (P-value) needed for
an oligomer to be listed in the results. You can change this value.
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8. Specify whether to perform the operation locally or on a remote GeNet server.

9. Click start. The button becomes a Stop button. The progress bar lengthens as your
search progresses. For very large genomes or complex search parameters, this opera-
tion may take a few minutes.

Viewing Regulatory Sequence Search Results

The search results are displayed in the Results area of the Find Potential Regulatory
Sequences window.

Click Details for expanded results data.

Click View Genes for Selected Row or double-click any sequence to view the
Conjectured Regulatory Sequence window.

* Sequence—The nucleotide sequence of the oligomer.
* Observed—The number of genes in the list where the oligomer was found.

+ P-value—The probability (P-Value) that the number of occurrences in the list came
about by chance. Only nucleotide motifs with P-values below the specified probability
cutoff (in this case 0.05 or 5%) are shown.

* Random Rate—The intrinsic probability, which is the percent of genes you would
expect this specific nucleotide combination to appear upstream of; if the nucleotide
sequence were strictly random (it is not, of course, but this is a good value to compare
the observed probability to).

* Observed: Other Genes—The observed probability of this sequence motif appearing
upstream of genes other than the list under inspection. If the option Relative to
sequence upstream of other genes is selected, this becomes the probabil-
ity of the observed sequence occurring relative to the genes not in the list, i.e., relative
to the “all genes” list.

If the option Relative to whole genomic sequence is selected, this
becomes the probability of one or more occurrences of the sequence based on the rate
of occurrence in the entire genome.

The formula used to calculate this is:

1-(1-/ )"

where:

k = the number of occurrences in the whole sequence
b = the total number of bases

n = the length of the upstream region being searched

+ Expected—The number of incidences in the searched gene list in which you would
expect this oligomer to occur. The number for the Expected column is derived using the
larger of the intrinsic probability and the observed probability values.

* Single P—this column displays the Single P value for the motif. This is the chance this
particular sequence would be found if only one test was performed.

+ Tests—The number of tests run to generate these motifs appears in the last column.
This is the number of oligomers tested that were the length of the sequence motif
found.
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File and
List menus

Using the Conjectured Regulatory Sequence Window

The Conjectured Regulatory Sequence window displays the common nucleotide
sequence, showing the 10 bases that precede and follow it in the area near (or in) each
gene where the oligomer is found. It also gives a brief description of the statistics listed in
the Results box of the Find Potential Regulatory Sequences window, and allows you to
modify the observed motif by removing an item, extending the promoter or making a new
gene list.

Double-click one of the sequence motifs given in the Results box of the Find Potential
Regulatory Sequences window to view the Conjectured Regulatory Sequence window.

 Conjectured Regulatory Sequence

ile List
Details

The sequence AAAAAAAA was observed upstream of 1,472 out of the 6,127 genes in the gene list called PCA component

1. Upstream means fram 10 to 500 bases upstream ofthe gene. Only exact matches were counted. This was compared

to the frequency (17.241%) of that sequence upstream of other ORFs in the genome Yeast. [fthe distribution of

bases were random you would expectto see that sequence upstream of 4. 568% ofthe genes. The prabahility that

this padicular sequence is that commaon due to chance is 2.176e-41. However since 262,144 tests were done, the

false positive probability is really 5.704e-36.
Offzet A C G T suggestion 1=
-10 437%  182%  171% 245% A
-9 45% 143% 17.3%  24% A
-8 46.6% 137%  172% 231% A
-7 46.9%  139% 171%  226% A 4
-6 482%  142%  163%  219% A
-5 496% 136% 166% 208% A
-4 823%  125% 165%  19.2% A
-3 85.2%  115% 17% 16.9% A
-2 BO2%  9.7% 16.9% 138% A J
—
ORF Distance Sequence ﬁl
D047 a00 AAAAAAAAAAAARRARRBAAAAAAGAAAA
R049C a00 ATAAAATTACAARRARAAAAAGT CAGCG
FRO2 7 a00 ATGTAATAGGAARAARARRAAAT GAAAAGAT
IL151C a00 TTACTCGGTAAARARARAAACTGTTATAA
D047 489 AAAAAAAAAAAARRARRBAAAAAGAAAAA
IL151C 489 TACTCGGTAAAARARARAACTGTTATAAA
R049C 489 TAAAATTACAAARARARAAAAGT CAGCGT
FRO2 7 489 TOGTAATAGGAAARAARARAAT GAAAAGATT j

TOK | Cancel | Help |

Figure 6-14 The Conjectured Regulatory Sequence window

Two menus, File and List, are located in the upper left corner of the window.
The File menu contains the following commands:

* Print—Prints the list in the lower half of the Conjectured Regulatory Sequence win-
dow.

* Close—Closes the Conjectured Regulatory Sequence window
The List menu contains the following commands:

* Remove Item—Removes the highlighted item and its associated sequence motif from
the list matching the common sequence motif being examined.

*  Make Gene List—Displays the new Gene List window.

When a gene list is produced based on the occurrence of a specified sequence (in this
example, ACGCG in the yeast data) there is a number associated with each gene corre-
sponding to distance of the first such sequence upstream of the ORF. The numbering
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begins from first nucleotide. Zoom in on the Ordered list view or open the Gene List
Inspector to view these numbers.

Extend Promoter—Adds a new, longer and hopefully better promoter in the Find
Potential Regulatory Sequences window.

The Conjectured Regulatory Sequence window contains the following sections:

Details—Provides a general description of the common sequence motif being
inspected. The details found in this box are the same numbers listed in the right-hand
columns of the Results box in the Find Potential Regulatory Sequences window.

Offset Bases—The middle third of the Conjectured Regulatory Sequence window con-
tains statistics on the bases to either side of the motif. The first column contains the off-
set from the observed sequence. The next four columns contain the percentage of genes
with that base in that position. The last column contains a suggested extension to the
motif.

ORF—The bottom third of the Conjectured Regulatory Sequence window contains the
sequence information for the motif being inspected, as it occurs in the nucleotide
sequence in the area near (or in) each gene where it is found. There are three columns
of data.

- ORF—Indicates the gene that the common sequence motif (given in bold, centered
in the column) is upstream of.

- Distance—Displays the number of bases upstream the oligomer is from the ORF
associated with it in the first column. This number is the difference between the
base pair number of the first base in the gene and the base pair number of the first
nucleotide in the motif. It includes the distance of the promoter. This means the dis-
tance number is the difference between the promoter sequence and the ORF.

- Sequence—Contains the sequence being examined, displayed in bold. On the left
side of it are the ten bases proceeding this instance of the motif, and on the right
side are the 10 bases that follow it in the nucleotide sequence.

The Homology Tool

The Homology Tool automates the process of building homology tables for certain organ-
isms. Currently, this is a limited list of organisms. Using this tool, homologies can be

made between any pair of organisms that are included in both HomoloGene and UniGene.
Within-genome homologies are based solely on UniGene Cluster ID or LocusLink Locus

ID.

The Master Table of Genes for each genome must be in GeneSpring 5.0 format. If the
selected genomes are in an earlier format, you must convert them before running the
Homology Tool. For more information on the GeneSpring 5.0 Master Table of Genes for-
mat, see “The Master Gene Table File” on page 2-10.

Homologies can be created for the following organisms:

Cow (Bos Taurus)

Nematode (Caenorhabditis elegans)
Sea squirt (Ciona intestinalis)
Zebrafish (Danio rerio)
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* Fruit fly (Drosophila melanogaster)
*  Human (Homo sapiens)

*  Mouse (Mus Musculus)

+ Rat (Rattus norvegicus)

* Pig (Sus scrofa)

» Clawed frog (Xenopus laevis)

* Thale cress (Arabidopsis thaliana)
* Barley (Hordeum vulgare)

* Rice (Oryza sativa)

*  Wheat (Triticum aestivum)

*  Maize (Zea mays)

The following is an example of how GeneSpring builds a homology table between Rat
GenBank Accession Numbers and Mouse GenBank Accession numbers:

Rat GenBank Accession Number
N2

GeneSpring looks up the corresponding Rat LocusLink ID and/or UniGene Cluster
ID

N2

Homologene’s table of homologues translates Rat LocusLink IDs and/or UniGene
Cluster IDs into Mouse LocusLink IDs and/or UniGene Cluster IDs

N
GeneSpring looks up the corresponding LocusLink ID and/or UniGene Cluster ID
N

Mouse GenBank Accession Number

Below is an example of how GeneSpring makes a homology table between Affy Mu_U74
GenBank Accession Numbers and Incyte Mouse GenBank Accession Numbers:

Affy Mu_U74 GenBank Accession Number
v

GeneSpring looks up the corresponding Mouse LocusLink ID and/or UniGene Clus-
ter ID

N
Do they match?
0

GeneSpring looks up the corresponding Mouse LocusLink ID and/or UniGene Clus-
ter ID

N

To use the Homology tool:

1. Select a genome from the GeneSpring navigator.
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2. Select Annotations > Build Homology Tables. The Build Homology
Tables window appears. The selected genome is displayed in the upper table on the
right side of the screen.

%, Build Homology Tables |.-_| |E| PZ|
Select Genome(s) Create Homaology Table Between
EHZ Genomes or Arrays Genome Column containing GenBank Accession No.

atic Mame

1 scademic Chips | |reast

‘ Commercial Chips and each of the following genomes:
“2, Extraterrestrial Yeast

Column containing GenBank Accession No. |
Systematic Name j

4 Systematic Name

= MM EEE Extraterrestrial Yeast

3, Rat of Unusual Size

== Remove

Frogress
Start

Cancel Help
Figure 6-15 The Homology Tool

3. From the pull-down menu in the Column containing GenBank Accession No. column,
select the appropriate column for the selected genome.

4. Select a second genome from the mini-navigator on the left side of the screen and click
Add. The genome is added to the lower table on the right side of the screen.

5. From the pull-down menu next to the newly added genome, select the name of the col-
umn containing that genome’s GenBank Accession Number.

6. If desired, add additional genomes using the same procedure.
7. Click Start. This process takes about as long to run as the GeneSpider.

If the initially selected genome does not have GenBank Accession Numbers, an error
message appears. If a selected genome is not on Homologene, you will receive an error
message after the Homology Tool has finished running.

8. When prompted, specify whether or not to save the UniGene Cluster IDs.

The resulting homology tables are saved in the originally selected genome’s
Data\Homology Tables folder.
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Annotation Tools

The Annotations menu in GeneSpring allows you to update your genome, make gene lists
based on annotations, and build gene ontology tables. Annotations can also be searched
using the Find Gene feature in the Edit menu. See “Performing a Simple Search” on
page 4-4 for details.

Updating your Master Gene Table with GeneSpider

After you have loaded a new genome, you can make sure it contains the latest information
from the genome databases on the World Wide Web by using GeneSpider. To use
GeneSpider, you must have GenBank accession numbers in your master gene table. Gen-
Bank accession numbers are usually added to the GenBank column of the master gene
table. If you have multiple GenBank accession numbers for a single gene, they should be
separated by semicolons.

For details on adding information to your master gene table see “The Master Gene Table
File” on page 2-10.

Updating Annotations with GeneSpider

1. Select Annotations > GeneSpider. (Pre-4.1 users: Select Tools >
GeneSpider). Choose one of four options:

» Update annotations from Silicon Genetics—Retrieves gene information from the
Silicon Genetics Mirror Database. The mirror database caches information from
GenBank, LocusLink, and UniGene to ease the load on the NCBI server and allow
you to update faster. The mirror database is updated about once every two months.

» Update annotations from GenBank—Retrieve information on genes from Gen-
Bank.

+ Update annotations from LocusLink—Retrieve information from LocusLink.
* Update annotations from UniGene—Retrieve information from UniGene.

The Update Genome window appears.

2. If you selected Update genes from Silicon Genetics, the window has a different
appearance because more options are available. If you selected any of the other
options, proceed to the next step.

To upgrade from Silicon Genetics:
a. Check the boxes next to the annotation sources from which to retrieve data.
b. Specify the retrieval method:

* Select Concatenate annotations from different sourcesto
retrieve annotations from all sources as a semicolon-delimited list. Exact dupli-
cates are not retrieved. The order is fixed: GenBank, then LocusLink, then Uni-
Gene.

* Sclect Keep the highest priority annotation to retrieve only the
annotation from the highest priority source available for each gene.

Analyzing Data 6-27



Annotation Tools

c. Proceed to step 3.

3. Select the name of the column containing GenBank accession numbers from the pull-
down menu in the upper right portion of the screen.

4. To update information in places where data already exists, select the Overwrite
Existing Annotations checkbox. If you leave this box unchecked, GeneSpring
adds new information only to blank fields. When you update annotations, GeneSpring
creates a back-up file of the pre-update master gene table.

Updating from Silicon Genetics or GenBank gives you the option to retrieve sequence
data.

5. Click Start to begin updating annotations.
While the GeneSpider runs there are a number of informational fields visible.
» Status—this is the level of completion the GeneSpider has reached.

* Processed—Number of genes in the genome that the GeneSpider has finished query-
ing the database on.

*  Found—number of processed genes where the GeneSpider has found a useful record
in the database.

+ Enhanced—Number of genes where information has been found that was not on the
master gene table.

* Go To—Number of genes in the genome that have not been processed.
The available options are slightly different when updating from Silicon Genetics.

The master gene table is not updated until you click Save and Close. This button is
inactive while the GeneSpider is running. You must wait until the GeneSpider is finished,
or click the stop button, before clicking Save and Close.

The GeneSpider Errors Window

While the GeneSpider is running, the GeneSpider Errors window may appear. This win-
dow lists any errors the GeneSpider encountered and a brief description of the problem.
For example, if no match was found for some genes on your system, the Errors window
displays the gene identifier and the text “Gene not found”.

The most common reason for no genes to be updated is that you did not select the annota-
tion column containing the GenBank Accession Numbers.

Problems with the Map Location Annotations

This window appears when the information the spider has retrieved for a gene’s map loca-
tion field does not meet the required criteria. This window contains a table in which you
can correct the entry, and GeneSpring makes a guess as to what the entry should be when
it displays the table of all the problem entries.
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Which Annotations are Retrieved?

The following table describes the annotation fields retrieved by GeneSpider from the vari-
ous databases:

Annotation giclai::trilcs GenBank LocusLink | UniGene
Systematic name*

Common

Map X X X X
GenBank*

Synonym*

EC number X X X

Description X X X
Product X X X

Phenotype X X X

Function X X

Keywords X X

PubMedID*

Type**

DBId X X

GO biological process T X

GO molecular function T X

GO cellular component T X

RefSeq X

UniGene*** X

Sequence X X

* Systematic name, GenBank accession number, Synonym, and PubMedID are not filled
in by GeneSpring. These fields can be filled in manually by the user. (I have entered a fea-
ture request to enable the GeneSpider to fill in PubMedID from GenBank records.)

** Type is filled in by GeneSpring when it reads a genome from a GenBank (.gbk) file.
The value is commonly “CDS”, but “mRNA”, “rRNA”, “terminator”, “gene”, and other
GenBank feature keynames are possible entries.

*** UniGene can also be filled in by the Build Homology Tables feature. When the user
requests Build Homology Tables to save UniGene cluster IDs, it replaces the UniGene col-
umn with its results, deleting any obsolete entries from the column. (This contrasts with
the behavior of the GeneSpider, where overwrite will not replace existing entries with an

empty entry.)
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+ Gene Ontology information on the Silicon Genetics Mirror server is obtained from the
LocusLink database. The same information cannot be provided through Update Annota-
tions from LocusLink because the LocusLink web page format does not indicate the orga-
nizing principles of biological process, molecular function, and cellular component.

Genome Databases

Silicon Genetics

Update Annotations from Silicon Genetics retrieves annotations from the Silicon Genetics
Mirror server at info.sigenetics.com. The server downloads the complete databases for
GenBank, RefSeq, LocusLink, and UniGene from NCBI. It returns the same annotations
as the GeneSpiders that access GenBank, LocusLink, and UniGene, depending on the
annotation sources chosen by the user in the Update genome from Silicon Genetics win-
dow. In addition, the Silicon Genetics GeneSpider fills in GO biological process, GO
molecular function, GO cellular component, and RefSeq identifier fields from the Locus-
Link database and the UniGene cluster ID from the UniGene database.

GenBank

Update Annotations from GenBank retrieves information from the GenBank and RefSeq
databases at NCBI, which both use the same record format. A sample record is shown
below, with information retrieved by the GeneSpider highlighted in blue and the fields it
fills in GeneSpring's master table of genes indicated on the following line. The record is
organized with keywords and subkeywords. The features table is organized by feature
keys.

A complete description of the format for the latest release of GenBank is available at
<ftp://ftp.ncbi.nih.gov/genbank/gbrel.txt>.

The GeneSpider fills in annotations from GenBank as summarized in the following table.
Feature keys are found in the margin of the features table (the section between the FEA-
TURES line and the BASE COUNT line). Qualifiers indicate information about a feature;
they begin with a slash followed by the qualifier name, then an equals sign (e.g. /gene=).

Annotation Feature Key Qualifier

Common CDS or gene gene

Map source map or chromosome
EC number CDS or gene EC_number
Description CDS or gene note

(also from DEFINITION line)

Product CDS or gene product

Phenotype CDS or gene phenotype

Function CDS or gene function

DBId CDS or gene db_xref
keyword
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Keywords KEYWORDS

Description DEFINITION (also from CDS/gene note)

Sequence following the ORIGIN line
LocusLink

Update Annotations from LocusLink reads the html source from queries to the LocusLink
database at NCBI as summarized in the following table.

Annotation LocusLink Label
Common Official Gene Symbol or Interim Gene Symbol plus any Alternate Symbols
Map Position, Cytogenetic, or Chromosome
EC number EC number
Product Product
Phenotype Phenotype
UniGene

Update Annotations from UniGene reads the html source from queries to the UniGene
database at NCBI.

The common name and description are from the line immediately following the UniGene
cluster ID and the species name. If only one item is shown, it is returned as the description.

The map annotation is taken from the Cytogenetic Position under the MAPPING INFOR-
MATION heading; if Cytogenetic Position is not given, the Chromosome number is used.

NCBI has the following requirements for automated access:

* Run retrieval scripts on weekends or between 9 PM and 5 AM ET weekdays for any
series of more than 100 requests.

+ Refer to the NCBI disclaimer and copyright notice at
http://www.ncbi.nlm.nih.gov/About/disclaimer.html

See http://www.ncbi.nlm.nih.gov/entrez/query/static/
eutils help.html for more information.)

Building a Simplified Ontology

The Build Simplified Ontology tool hierarchically groups genes into meaningful biologi-
cal categories (gene lists), based on the Gene Ontology Consortium Classifications (GO).
To form these groups, GeneSpring’s ontology tool parses all of the annotations in the
genome. It then assigns each gene to one or more ontology groups based on this analysis.
The Build Simplified Ontology constructor builds over 300 biologically meaningful gene
lists that can be compared, merged or browsed. These lists can be further used to annotate
clusters and cross-reference new gene lists.

Note: You cannot rename these gene lists, but you can update them.
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To Build a Simplified Gene Ontology list
1. Select Annotations > Build Simplified Ontology.

2. Enter a name for the new simplified ontology folder, or leave the default name to over-
write the existing simplified ontology list.

3. Click oK. The new Simplified Ontology list appears in the Gene Lists folder.

To Make Gene Lists From Properties

To create lists based on annotations, see “Making Lists from Properties” on page 6-12.

Building Homology Tables

To build a homology table, see “The Homology Tool” on page 6-24.
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Statistical Analysis (ANOVA)

Statistical Analysis (ANOVA) is a filter tool that statistically compares mean expression
levels between two or more groups of samples. The object is to find the set of genes for
which the specified comparison shows statistically significant differences in the mean nor-
malized expression levels as interpreted according to your current interpretation mode
(logarithm, ratio or fold change) across all the groups. This comparison is performed for
each gene, and the genes with the most significant differential expression (smallest p-
value) are returned.

Filtering genes based on a one-sample t-test of the mean expression level across repeats or
replicates versus a reference value can be done by selecting “t-test p-value” as the filter
criteria in Expression Percentage Restriction.

= Statistical Analysis (ANOVA)
EH Gene Lists

ACGCGT in all ORFs (556)

(1 PCa Yeast cell cycle time
1 PIR keywords i Choose Experiment == i Yeast cell cycle time series (no 90 min) Default Interpretation [Mode: Log of

] Simplified Gene Ontology Cross-Gene Error Model is: Active

8] all DEGEE
%71 all genomic elements 1-Way Tests Q.WayngtS|
t ACGCGT in all ORFs You can expect a false discovery rate of about 5% of the genes identified.
4] lie YMR199W (CLNT) 0. o o Test [ime (minutes) ~| _Seleci Groups Manually..
EH Expetiments
- T | 1 est Type: |Parametrictest.d0n‘t assume variances equal j
<2 st cell cycle time setig
P-value Cutoff: 0.05
Multiple Testing Correction: |E|enjamini and Hochberg False Discovery Rate j
Post Hoc Tests: |N0ne j
Camputation Preferences
* Compute locally " Compute on a GeMet RemoteServer
Progress: |
Lacal runtime estimate: Seconds
N — I

sat | close | Heip |

Figure 1-1 The Statistical Analysis (ANOVA) window

To perform ANOVA analysis:

1. Select Tools > Statistical Analysis (ANOVA).
2. Select a gene list from the navigator and click Choose Gene Li st.

3. Select an experiment from the navigator and click Choose Experi nent.
4. Click the tab for 1- WAy Test s or 2- WAy Tests.

5. Specify the appropriate options for your analysis.

For detailed information on the options available on each tab, see “1-Way ANOVA”
on page 6-34 and “2-Way ANOVA” on page 6-43.

6. Specify whether to run this operation locally or on a GeNet Remote Server.

. Click Start.

~
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1-Way ANOVA

Use 1-Way ANOVA to filter out genes that do not vary significantly across different
groups with multiple samples. This allows you to find those genes that exhibit important
changes between various conditions of the experiment. This comparison is performed for
each gene, and the genes with sufficiently small p-values are returned. Comparisons can
be performed with parametric or non-parametric methods. The parametric comparison for
two groups is known as Student's two-sample t-test. For multiple groups, this is known as
one-way analysis of variance (ANOVA). You can specify whether to assume within-group
variances are equal across all groups.

Calculations without the assumption of equality of variances are done using Welch's
approximate t-test and ANOVA. Non-parametric comparisons are also available, corre-
sponding to the Wilcoxon two-sample text (also known as the Mann-Whitney U test) for
two groups, and the Kruskal-Wallis test for multiple groups.

1-iay Tests | 2-niay Tests |

You can expect a false discovery rate of about 5% of the genes identified.

FParameter to Test: |time (minutes) j Select Groups Manually...
Test Type: |Parametrictest. don't assume variances equal j

P-value Cutoff: W

Multiple Testing Correction: |Elenjamini and Hochherg False Discovery Rate j

FostHoc Tests: |N0ne j

Figure 1-2 1-Way ANOVA options

To perform one-way ANOVA:

1. From the Parameter to Test pull-down list, select the parameter on which to
base your comparison. To select a group of parameters, see “Selecting Groups Manu-
ally” on page 6-35.

2. Select the type of test to perform. There are four testing options:

* Parametric test, assume variances equal—Filter based on the results of a Stu-
dent’s two-sample t-test for two groups or a one-way analysis of variance
(ANOVA) for multiple groups.

* Parametric test, don’t assume variances equal—Filter based on the results of an
ANOVA or Welch’s approximate t-test for two groups. This is the most appropriate
test for standard experiments in which the global error model is not turned on or
should not be used in the analysis.

e Parametric test, use all available error estimates—Filter based on the variances
estimated by the cross-gene error model. If the cross-gene error model is not turned
on, this test is equivalent to the Parametric test.

* Non-Parametric test—Filter based on the rank of each sample, rather than the
expression level. Non-parametric comparisons use the Wilcoxon two-sample rank
test (also known as the Mann-Whitney U test) for two groups, and the Kruskal-Wal-
lis test for multiple groups. This test is most successful if you have more than five
replicate samples in each group.

3. Select a P-value cutoff for genes that pass the filter. P-values are the probability of a
false positive, indicated by a number between zero and one.

4. Select a type of multiple testing correction. The available options are described below.
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5. Select a type of post-hoc test to perform, if desired. Post-hoc tests are described in
more detail below.

Selecting Groups Manually

To make groups that are defined by two or more parameters, or to make groups that corre-
spond to a subset of the values for a given parameter, click Select Groups Manu-
ally.

= Select Groups for 1-Way Tests

Selectthe groups of interest. To ignore a parameter, uncheck its column

Select Groups to Compare

[witime (minutesi No. of Samples |
0
10
20
a0
40
a0
1]
Ta
a0
100
110
120
130
140
140
160

Check All Rows
Clear All Rows

Check Seleded Rows |
_Clesr Seleded Rows |

Invert

ooooooooEoooooon

QK | Cancel| Help |

Figure 6-3 The Select Groups window for 1-way ANOVA testing
This screen features a table with a column for each experimental parameter and a row for
each condition to compare.

Uncheck the box in a column’s header to ignore groupings based on that parameter. When
you do this, the table is dynamically updated to reflect the change. The number of rows
decreases and the number of samples associated with each condition increases.

Define the conditions to compare by checking or unchecking the box in a given row. The
Check All/Clear All buttons allow you to check or uncheck all rows. The
Invert button checks all unchecked rows, and clears all checked rows.

For Each Gene
GeneSpring does the following separately for each gene:

Let i index over the G groups formed by distinct levels of the comparison parameter.

Let X}, be the expression values, with £ running over the replicates for each situation,
interpreted according to the current interpretation (ratio, log of ratio, fold change).

Let

N; = the number of non-missing data values for each group,
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2
I

N;
1/N; Z X, be the group means, and
k-1

N,

SS;

1

= .2
z (X;,—X;) be the within-group sum of squares.
k-1

In all calculations, missing values (No Data) or (NaN) are left out of the sums, not propa-
gated. If any of the IV, are zero, drop that parameter level from the analysis, and readjust G

accordingly. If G is not at least 2, exit (p-value=1).
Parametric Test, Variances Assumed Equal

For a parametric test, with variances assumed equal, compute:

SN,

F=2__ the ovara&mean,

z
S
i=l

G o
BSE = ZN: (A; =&, the between-groups sum of squares,

i=l

d; = F—1 the numerator degrees of freedom,

BAMY = ESS{I, the between-groups mean square,
1

E
Wes = ZSS!- the pooled within-group sum of squares,

-1
&

dy = z(M - 1) the denominator degrees of freedom,
i1

if &, 1z not greater than zero, then ext (p-value=1).

WLy = WE’Sd the within-groups mean square, and
2

F= Bﬂ%ﬂﬂ the F-ratio statistic

if WMS = 0 then make F is treated as arbitrarily large (p-value = 0).

The p-value is calculated by looking up F in the upper tail probability of an F distribution
with d; and d, degrees of freedom.

Parametric Test, Variances Not Assumed Equal

For the parametric test without assuming variances equal:
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First check that each group has N; greater than or equal to 2 and SS; greater than 0. If not,
remove it from consideration and recompute G. If G is not at least 2, exit (p-value=D.
(This reflects the more stringent requirements of not assuming the variances equal - if the
variance estimate is pooled, replicates are only needed for at least one group, if variances
are separately estimated then replicates are needed for each group.)

Then compute:

w, = I,

i i

M1
[ éS,— ] the group weights

&
W= Zwi the sum of weights
il

iwifi
X - i=1

W

the weighted mean

2
BSY = zwi (f! - :f) the between-groups sum of squares

d; = F—1 the numerator degrees of ffeedom

BMY = BSSd the between-groups mean square
1

_ ]. F _W!- 2/ _
Z= g2y /=)

d, = 1 the denominater degrees of freedom

if'dd, 1z not greater than zero, then ext (p-value=1).
WAy =1+ E[G - 2)2 the within-group mean square

W= Bﬂ%m the test statistic

The (approximate) p-value is calculated by looking up 7 in the upper tail probability of an
F distribution with d; and d, degrees of freedom. Note that d, will not, in general, be an

integer.
Nonparametric Analysis

For the nonparametric analysis:
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Replace each X;;, by R;, their rank out of all of the {X;;} for the gene. Perform the same

analysis as for parametric test with variances equal. P-values are approximate but asymp-
totically accurate.

Multiple Testing Corrections

If you rely on the nominal p-value when testing the statistical significance of group com-
parisons for many genes, a significant number of genes pass the filter by chance alone. For
example, if you test 10,000 genes for reliable changes between groups at significance level
0.05, (assuming the tests are independent) you would expect to misidentify about 500
genes as significant, even when there is no real difference in gene expression. Even if you
identify 1,000 genes showing significant behavior by this approach, half of the genes on
the list appear by chance, which lessens the value of the list. Multiple testing corrections
adjust the individual p-value to account for this effect.

Suppose the p-value cutoff is a and the number of genes being tested is N. The first three
procedures (Bonferroni, Holm, and Westfall and Young) control the family-wise error rate
(FWER), which is the overall probability of obtaining even a single false positive test to
be no more than a. This is a very strong criterion, but may be so strong for large lists of
genes that no genes are identified as significant. The Benjamini and Hochberg test controls
the false discovery rate, defined as the proportion of genes expected to be identified by
chance relative to the total number of genes called significant.

* Bonferroni—The Bonferroni multiple testing correction, based on Bonferroni's ine-
quality, limits the chance of a false positive results to be no more than a by multiplying
each nominal p-value by N (with a maximum of 1). This process controls the FWER,
and the expected number of genes by chance is a.

* Bonferroni step-down (Holm)—The Holm step-down adjustment computes the most
significant p-value, and whether it meets the a cutoff after multiplying by . If that
gene is found to be significant, the next-most significant gene is considered, but the
gene that was found significant is removed from the multiple-testing, so the multiple-
testing adjustment is now based on N - 1. This process is continued as long as genes
pass the successive tests. This process controls the FWER, and expected number of
genes by chance is a.

*  Westfall and Young permutation—This procedure estimates the significance levels
of each test by a nonparametric permutation calculation based on the distribution of the
significance levels across all possible reassignments of samples to groups. For small
numbers of permutations, all permutations are examined. If there are more than 1000
possible permutations, 1000 of them are selected randomly. P-values are evaluated
with respect to this distribution using a step-down procedure as in the Holm procedure.
This procedure controls the FWER, and the expected number of genes by chance is a.
This test accounts for the dependence structure between genes, and should give a more
powerful test than the Bonferroni or Holm procedure. However, the permutation pro-
cess takes much longer to calculate.

* Benjamini and Hochberg false discovery rate—In contrast to the above procedures,
the Benjamini and Hochberg procedure controls the false discovery rate (FDR),
defined as the proportion of genes expected to occur by chance (assuming genes are
independent) relative to the proportion of identified genes. Expected number of genes
by chance is a times the number of tests found significant after applying this correction.
There is no way to calculate this in advance, so the statement about the number
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expected simply says expected number of genes by chance is 1000.% of the genes iden-
tified. This procedure provides a good balance between discovery of significant genes
and protection against false positives, since occurrence of the latter is held to a small
proportion of the list, and is probably the best choice of multiple-testing correction for
most situations.

Post-Hoc Tests

Performing a 1-way ANOVA results in a list of genes with p-values below the specified
cutoff. These are the genes with significant differential expression across the specified
groups. If testing has been performed across more than 2 groups, post hoc tests can be
used to identify the specific groups in which significant differential expression occurs.

To perform post hoc tests, specify which post hoc test to use in the post hoc test pull-down
menu. The available choices are Tukey and Student-Newman-Keuls. Pairwise compari-
sons between all groups are performed; group comparisons resulting in a p-value below
the specified cutoff are displayed in the output. Post hoc tests can only be performed if
more than 2 groups are defined by the chosen testing parameter, or if more than 2 groups
are chosen manually.

Tukey

Suppose SGC with more than 2 groups has been performed (ANOVA or Kruskal-Wallis),
and that some genes have passed the cutoff. The following calculations are done separately
for each gene:

Let X 1> )_(2, ¢  be the ordered group means (ascending order). We perform pairwise
group mean comparisons in the following manner:

kvs. 1,kvs.2,...,kvs.k-1,thenk-1vs. 1,k-1vs.2, ..., k-1vs. k-2, ending with 2 vs.
1.

Do not perform unnecessary tests. i.e., if there is no significant difference between a pair,
do not test any “closer” pairs. Each test is performed as described below.

Parametric Tests (ANOVA)

If an ANOVA was performed, for comparing group means X , and X »» compute:

op - [PMS
n

SE = | WMS (i + i) if unequal sizes.
2 n, ny

if groups are of equal sizes,

Where n, n,, and n;, are the corresponding group sizes (number of samples) and WMS' is
the within-group mean square (from the ANOVA calculations).

Xb_)_(a
SE

Then compute g =
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Compare this value to the critical value g, 4, Where df'is the error degrees of freedom

(from the ANOVA calculation) and £ is the total number of groups. If ¢ is larger, consider
the two means significantly different.

If any of the group sizes for the gene are 1 (i.e., there are not replicate samples for every
group), do not perform post-hoc tests for that gene.

Nonparametric Test (Kruskal-Wallis)

If the non-parametric option was chosen, GeneSpring performs a non-parametric Tukey
test.

SE = /n(nk)(nkJr 1)
12

where #n is group size and k& is the number of groups.

Rank order all the data and compute rank sums for each group. Order the rank sums and
compute g as before, using the rank sums instead of means. Compare g to the critical value

qa, oo,k‘

Student-Newman-Keuls

All calculations here are the same as for Tukey. The only difference is in which critical
value to compare g. When testing group a vs. group b, compare g to g, 4¢, Where p is the

number of means (inclusive) in the range being tested. For example, if comparing group 2
to group 4, p =3.

For the non-parametric version, replace k& with p.
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Viewing Post-Hoc Test Results

After 1-way ANOVA has been performed, the 1-Way Post Hoc Testing Results window
appears.

Summary by Gene

The Results Summary by Gene tab displays the mean expression level by group for each
significant gene. For each gene, the coloring indicates which groups differ significantly
from the others. Groups of the same color show no significant difference. Groups of dif-
ferent colors differ significantly from each other.

Note: Occasionally genes will pass the ANOVA cutoff, but show no significant difference
across the groups (all groups the same color). This is due to the fact that ANOVA is
a more powerful test than the post hoc tests.

1-way ANOYA Post Hoc Testing Results ;|g|5|
Gene List: all genes

Experiment: T cell Treatment Experiment

Parameter: Treatment type

Test Type: Parametric test, don't assume vanances equal

P-value Cutoff: 0.05

Multiple Testing Correction:  Berjarmind and Hochberg False Discovery Rate
Fost Hoc Test: Tulkey

Results Summary by Gene | Results Sumtmnary by Groups

The table shows the mean expression value for each gene in each group. Groups with the same
color show no statistical difference for that gene. To make a gene lst of all the genes
that show a sinilar color pattern, select the row of interest and click on Make List.

=
L)
= 1 Lowest
5
&
=
d
H2
B
9
e
=
E 3 Highest
:
o
=
Sy
= |Unknown
=

Find Gene. .. | Iylalee List... | Drder Table by Batter. . | Change Colors... |

Cancell Help |

Figure 6-4 Post Hoc results summary by gene
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Summary by Groups

The Results Summary by Groups tab displays a matrix, with rows and columns indexed by
parameter values; each cell corresponding to a combination of groups. The numbers in the
lower half of the matrix represent the number of genes that differ significantly between the
groups; the numbers in the upper half are the genes which show no significant difference.

1-way ANOYA Post Hoc Testing Results " ;|g|5|
Gene List: all genes

Experiment: T cell Treatment Experiment

Parameter: Treatment type

Test Type: Parametric test, don't assume vanances equal

P-value Cutoff: 0.05

Multiple Testing Correction:  Berjarmind and Hochberg False Discovery Rate
Fost Hoc Test: Tulkey

Results Sumtnary by Gene Results Summary by Groups

Each hox shows the number of genes statistically sidar or differentin a
group to group comparison. To make a gene hst, chick on the block{s) you wish
to zelect and click one of the buttons below.

=

1

o

) —_ Cifferent

+ =l

g : &

) &) x

Genes

CD3+ CD28 . 70 g ith Data

o - -
- - - :

Iylalee List of Lot | Iylalee List of Intersection. . | Change Colors...

Cancell Help |

Figure 6-5 Post Hoc results summary by group
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2-Way ANOVA

2-way ANOVA tests genes for significant differences across groups defined by 2 parame-
ters. This test is appropriate to use for a 2-way design where the groups to be compared are
defined by 2 parameters. A 2-way design is one that can be thought of as a matrix, with the
rows indexed by the values of one parameter, and the columns indexed by the values of a
second parameter. Each cell then represents the number of replicates in that particular
group. Ideally, each cell should have an equal number of replicates; this is called a bal-
anced design. GeneSpring can also perform 2-way ANOVA for proportional designs; you
will not be able to perform 2-way ANOVA for unbalanced designs which are not propor-
tional.

Performing a 2-way ANOVA will test for the effect of each parameter, as well as the inter-
action between them, simultaneously. For each gene, 3 p-values are produced, one for
each parameter and one for the interaction term. Genes for which any of the p-values is
less than the specified cutoff are returned. From the results window, several options for
creating gene lists are available.

i)
1-piay Tests 2-Way Tests |

You can expect a false discovery rate of about 5% of the genes identified.

First Parameter to Test |time (minutes) j Select Groups Manually...
Second Parameter to Test: |time (minutes) j

Test Type: |Parametrictest. assume variances equal j

P-value Cutoff: W

Multiple Testing Correction: |Elenjamini and Hochherg False Discovery Rate j

Figure 1-6 2-Way ANOVA options

The following options are available:
* First Parameter to Test—Choose a parameter
* Second Parameter to Test—Choose the second parameter to compare

» Test Type—Specify whether to perform a parametric test assuming variances equal or
a non-parametric test

e P-value Cutoff—Default is 0.05

*  Multiple Testing Correction—Auvailable options are Bonferroni, Bonferroni Step-
Down (Holm), Westfall & Young Permutation (slow), Benjamini & Hochberg False
Discovery Rate, or None.

Selecting Groups Manually

To select groups manually, click Select Groups Manually.
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 Select Groups For 2-Way Tests

Select the parameters of interest from the pulldown menus. Check the groups you wish to compare.

Select First Groups to Compare Select Second Groups to Compare

time {minutes) j|Nu.ufSamples |_| time {minutes) j|Nu.ufSamples |_|
0 0
10 10
20 20
30 30
40 40
50 50
60 60
70 70
a0 a0
100 100
110 110
120 120
130 130
140 140
150 150

160 _J 160
Check All | Clear All Check All | Clear All

QK | Cancel| Help |

NEEEENEEEEEEEEEE
NEEEENEEEEEEEEEE

&

Figure 6-7 The Select Groups window for 2-way ANOVA testing
This screen features two tables. Each has one column with a pull-down menu to select the
desired experimental parameter, and a row for each condition to compare.

You cannot manually define conditions for 2-way tests, but you can choose to ignore cer-
tain levels of the selected parameter by unchecking the appropriate rows. The Check
All/Clear All buttons allow you to check or uncheck all rows.

2-Way ANOVA Results

From this screen, you can do the following:

» Copy to Clipboard—Copy the results in this screen to the clipboard. You can paste
these results into a spreadsheet program or text editor.

* Save Lists—Save the results as a gene list or lists.

+ Display in Venn Diagram—Display the results in a Venn diagram in the main Gene-
Spring window.

Analyzing Data 6-44



Statistical Analysis (ANOVA)

%, 2-way ANDVA Results =]
Gene List: Advanced filter results on time 0.5, 2,4, 6
Experiment: T cell Treatment Experiment, Log Treatment Interpretation
First Parameter: Treatment Group
Second Parameter: Time
Test Type: Parametric test, assumne variances equal
P-value Cutoff: 0.05
Multiple Testing Correction:  Berjarmind and Hochberg False Discovery Rate
Gene Name Treatment Group dTime p-value Interaction p-value =
1| 44004388 6.18e-5 0.338 0.14%
2144005214 0.0313 0.6592 0.85% .
3| AA04445] 0.0165 0.473 0.385
4| A AN529352 3.67e-6 0.00203 0.0095%
S|AANARE1E 0.045% 0.%07 0.74%
6| AA0705392 0.00358 0.25% 0.733
T AADT411E 4.34e-6 0.0167 0.0095%
8|AA102710 0.000592 0.008%3 0.0095%
DIAALIZLIEES 8.97e-5 0.104 0.041
10| A 4145092 0.000546 0.11% 0,79
11| A 4150307 0.00615 0.28 0.326
12| A A160059 00112 0.259% 0.235
13| A 4173621 0.000142 0.0983 0.117
14| A 4207144 0.0247 0,898 0.571
15| AAZ11528 0.014 0.017% 0.0218
16| A 4213542 0.000522 0.0%2 0.101
17| AA213520 0.0365 0.63% 0.66%
18| A A213951 0.0158 0.481 0.133
19| A AZ15367 0.000273 0.133 0.1z
20(AA215428 0.00225 0.242 0.162
21(AA215500 0.0218 0.164 0.867
22 AA235622 0.003%8 0.155 0.137
23(AA236042 0.00181 0.133 0.0445
24| A AZ36762 0.017% 0.20% 0.115
25 AAZ37033 5.54e-7 0.00203 0.0021%
26(44243624 0.0001%4 0.262 0.233
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Figure 6-8 2-way ANOVA results window

Details on 2-Way ANOVA

Let A and B be the two factors (parameters) chosen by the user. Assume we are looking at
a single gene and use the following notation throughout:

Factor A4 has a levels, indexed by i.
Factor B has b levels, indexed by ;.

There are thus ab cells of data, each containing at least one value.
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Standard Parametric 2-way ANOVA

This test assumes equal variances and equal or proportional replication.
Case 1 (equal replication)

All cells (groups defined by combinations of the factor levels) have the same number of
replicates, say r. Thus there is a total of abr samples.

Let x;;;, represent the k" replicate (sample) in level i of factor 4 and level j of factor B.

Let A; = sum of all observations in level i of factor A
= 2.2 ik

ik
Let B; = sum of all observations in level j of factor B
= Z zxijk

i k
Let (4B)ij = sum of all observations in level i of factor 4 and level j of factor B
= 2 ik

k
DRI

i j ok

abr

Let C =

We can now compute the various sums of squares terms:

Total sum-of-squares:

SS(total) = LZZZ)C%,CJ -C
ij ok
Factor A sum-of-squares:

242

SS(4) = L C

Factor B sum-of-squares:

25

SS(B) = -——C
ra

Interaction sum-of-squares:

Sy By

SS(4B) = -l C = S5(4) - SS(B)

Error sum-of-squares (a.k.a. within-group SS):
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SS(error) = SS(total) — SS(A) — SS(B) — SS(4B)

Now compute the mean sums of squares:

Mss() = )
MSS(B) = %

MSS(4AB) = __S8(4B)
(a—1)(b-1)

MSS(error)y = 23error)

abr —ab

Finally, compute F-ratios:

F= MSS(4)
MSS(error)

F= MSS(B)
MSS(error)

_ MSS(4B)
MSS(error)

Each of these should be compared to the upper tail probability of an F distribution with
numerator and denominator degrees of freedom given by the corresponding denominators
above.

Case Il - Proportional Replication

We first check for proportional cell sizes. Let n;; = # of replicates at level i of 4 and level j

of B, and let N be the total number of replicates in all groups = z Zn i

=2

If n; = ~ for each nj,

1 ]

then we have proportional replication.

In this case, all computations are the same as before, with appropriate changes. In particu-

lar, the index £ in all summations will now go from 1 to nj, instead of 1 to r.

Let 4; = sum of all observations in level i of factor 4
= 2.2 ik

ik
Let B; = sum of all observations in level j of factor B

= 2.2 ik
i k
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Let (4B);; = sum of all observations in level i of factor 4 and level j of factor B

- zxijk
k

1

oo

Let C =

N

We can now compute the various sums of squares terms:

Total sum-of-squares:

SS(total) = LZZZxékJ -C
i ok

Factor A sum-of-squares:
A?

$S(4) = 3| ——|-¢

i\ 2

Factor B sum-of-squares:

B2
$S(B) = 3| —L=|-¢

i\ 2y

Interaction sum-of-squares:
SS(4B) = ZZ(%) —C—-85(4)-SS(B)
i iy

SS(error) = SS(total)—SS(A)—SS(B)—-SS(4B)

Compute mean sums of squares using the following degrees of freedom:
Factor A df=a- 1

Factor Bdf=5-1

Interaction (4B) df =(a-1)(6- 1)

Error df =N - ab

Divide each SS by appropriate df to obtain mean SS. F ratios and P-values are then com-
puted as before.

Case lll - No Replicates (one per cell)

We can still perform 2-way ANOVA in this case, but it is not possible to test for an interac-
tion effect. The calculations are essentially the same as before.

The total number of replicates is N = ab.
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52

N

C:

SS(total) = Zinzj—C
i

nh]

SS(4) = + — C degrees of freedom =a - 1

s[5

SS(B) = EA—— degrees of freedom =5 - 1
a

SS(error) = SS(total) —SS(A) — SS(B) degrees of freedom = (a - 1)(b - 1)
Mean sums of squares = sum of squares / degrees of freedom.

F ratios:

_  MSS@4)
MSS(error)

_ MSS(B)
MSS(error)
Compute p-values as before.
Case IV - Disproportional Replication

If a single cell is one value short of the number required for proportional replication, esti-
mate the missing value using the following:

aA[+ij—ZZZx[jk
_ i J k

ik Ntl-a-b

where 4;,B; are as before and N is the total number of data including the missing value.

If several cells are missing values, or more than one value is missing, apply this formula
iteratively if necessary.

After missing values have been estimated, perform ANOVA calculations as above, but do
not increase degrees of freedom. That is, error df should still be based on the original num-
ber of data points.

GeneSpring displays a warning message if missing values have been imported.
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If there is a larger number of missing values (say >min(a,b)), GeneSpring displays a warn-
ing and exits.

Non-Parametric Two-way ANOVA - Friedman’s Test

This tests only for the effect of factor A, while controlling for factor B. To get a p-value
for the other factor, reverse the factors (parameters). This does ot test for interaction.

Case | - No replicates (one sample per cell)

Rank data within each of the 4 blocks separately. For each of the a levels of factor A, com-
pute rank sums R;.

a

Then compute )2 = Wil) Z R?-3b(a+1)
i=1

This statistic has its own distribution; however, we can approximate by computing:

_ (b-1)y?
" oba-1)-y2
and compare this to ' with degrees of freedom a - 1 and (a- 1)(b - 1).
Case Il - (equal) replicates in each cell
If there are # replicates within each cell, compute
2 12 ’
;

= ——=——N"R?-3b(na+1
banz(na+1)z ! ( )
i=1

Compare this to the chi-square critical value with a - 1 degrees of freedom.
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The Filtering Menu

The Filtering menu allows you to apply a series of restrictions or filters to a gene list.
These restrictions can apply to an entire experiment or interpretation, or to a single condi-
tion or sample. The filters include factors such as quality control, control strength, expres-
sion level constraints, sample to sample fold comparison, statistical group comparisons,
and associated numbers restrictions. All restrictions applied to create a new list are saved
in the notes.

The ability to restrict a gene list based on the behavior of its genes in experiments or in
individual samples is an important quality control tool. You may want to remove genes
with low precision, large error values, those that do not vary significantly across multiple
samples, or those with expression levels that are too close to the background. Filtering
genes also allows you to search for genes that are differentially expressed over two or
more conditions.

There are eight basic filters and an Advanced Filtering option:
+ Filter on Expression Level

 Filter on Fold Change

 Filter on Error

+ Filter on Confidence

+ Filter on Flags

+ Filter on Data File

» Filter on Arbitrary File

 Filter on Gene List Numbers

To view a filtering window, select it from the Filtering menu.

The Basic Anatomy of a Filtering Window

Most of the Filtering windows are organized in the same way:
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Set filter
range using
sliders or by
entering
numbers

-

*._Filter on Error

—m all genes

—m all genomic elements

EHA Gene Lists
B EC Choose Gene List == | like YMR199W (CLN1) (0.95)
EHCD PCA Yeast cell cycle time Choose Experiment == | Yeast cell cycle time series (no 90 min), Default Interpretation [...
ECIPIR keywords ) )
X i Cross-Gene Error Model is: Active
EH Simplified Gene Ontology

Choose Error Type: Standard Deviation  §id

Filter Genes on Standard Deviation

- 1 117 out of 117 genes pass filter I¥ Interactive Update

=1

alized Intefisity {log scale)

Standard 2

Minimum: Maximum:

Vigw: |Graph

Values must appearin atleast |8 out of 16 conditions.

Sa\fe...| Close| Help |

Preview pane
Figure 6-9 A Typical Filtering Window

Preview Pane Options

When you open a filtering window, the default view in the preview pane is based on what
type of view makes the most sense for that filtering type. To link the preview display to the
main GeneSpring window, select Main Window from the View menu.

The preview pane updates dynamically as you change settings for the filter. When work-
ing with large experiments, this may cause GeneSpring to respond slowly. To disable this
feature, uncheck the Interactive Update box.

Using the Double-Ended Sliders

In filters that require you to set a minimum/maximum range, a double-ended slider
appears. You can set a range either by using the sliders or by entering numbers directly in
the Minimum and Maximum boxes.
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Standard Deviation

-01

Figure 6-10 A Double-Ended Slider

You can preserve the size of the specified range while changing the settings by clicking
the blue bar between the sliders and dragging it to the desired position.

In some filters, the tics on the slider are not spaced linearly or logarithmically. In these fil-
ters, the numbers are spaced so that an equal number of genes fall between each tic. This
occurs since using a linear or logarithmic distribution would cause 99% of the genes to fall
within three pixels of each other, making the slider impossible to use.

Note: When you enter a number in the Minimum/Maximum box, the slider is moved to
that exact number. However, when you move the slider, the number shown in the
Minimum/Maximum box is rounded to three digits after the decimal. At the ends of
the slider this rounding may sometimes exclude the very biggest or smallest value.

Data Types for Restrictions

You can change the type of data on which to base the restriction, by choosing from a pull-
down list in the applicable window. Depending on which feature you are currently using,
you may have access to only some of the options in the following list.

* Normalized Data—Gene expression values after all normalizations have been
applied. These are the default values displayed in various views and are shown in the
Normalized column in the Gene Inspector. See “The Gene Inspector” on page 4-10 for
details.

+ Raw Data—Experimental data prior to application of any normalizations. This value
is used as the numerator to calculate normalized values.

Note: If your computer’s default language is not English, make sure a consistent conven-
tion for decimal markers is followed.

* Control Signal—A value calculated from all the normalizations applied to the experi-
ment. This value is used as the denominator to calculate normalized values.
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Basic Filters

Filter on Expression Level

. Filter on Expression Level

EHA Gene Lists

B EC Select an experiment, interpretation, or condition and click on Choose Experiment.

EHCD PCa Yeast cell cycle time

L PIR keywords Choose Gene List == | like YMR199W (CLN1) (0.95)

EHZ Simplified Gene Ontology

_§j all genes Choose Experiment == | Yeast cell cycle time series (no 90 min), Defau... Exclude Conditions...
—m all genomic elements Choose Data Type: Mormalized Data =

41 ACGCGTIn all ORFs

) Filter Genes on Marmalized Data
EH Experiments = 1o 117 out of 117 genes pass filter

] all @ 10
-1z
TR efault Interpretation i)
G Al Samples “11 &
© =
g % 01
= g
= = 001
z £
[=]
=
Minirmum: ~ [0.01 Maximum: |20 View: |Graph |
=2 -0 Values must appearin atleast |8 out of 16 conditions.

N v

Sa\fe...| Close| Help |

Figure 6-11 The Filter on Expression Level screen

This filter finds genes with certain values present in some of the conditions or samples in
an experiment or interpretation. You can set what proportion of conditions must meet a
certain threshold. For example, to eliminate genes that do not meet a specified control
value at least once in the experiment, you can filter them out by setting a minimum expres-
sion value to be met in at least one condition.

To filter on Expression Level:

1. Select an experiment or condition from the navigator and click Set Experiment.
You can also select a subset of conditions within an experiment.

2. Select the appropriate data type from the Choose Data Type menu. For more informa-
tion on data types for filtering, see “Data Types for Restrictions” on page 6-53.

3. Click Exclude Conditions. .. to specify which conditions (if any) to exclude
from the analysis.
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% Exclude Conditions

Select conditions to filter on.

time {minutes) | =]
vl 0 | |
|| 10
|| 20
|| 30
[ 40 |
Check All | Clear All

QK | Cancel| Help |

Figure 6-12 The Exclude Conditions window

By default, all conditions are selected. To exclude a condition, uncheck the box to its
left. To include a condition, check the box. Click Check Al1l to include all condi-
tions, or Clear All to exclude all conditions.

4. Specify the following values for the filter:
*  Minimum—the smallest gene value to allow in your list (also known as the cut-off
value).
*  Maximum—the largest gene value to allow in your list.

* Values must appear in at least [ | out of | | conditions—the number of conditions
in the total experiment where genes must meet the specified requirements. This line
can refer to the whole experiment.

Filter on Fold Change

Filter on Fold Change finds genes based on a comparison of two samples or conditions.
Use this tool to find fold changes in gene expression levels between two samples or condi-
tions.
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=, Filter on Fold Change _||’E|Pz|
EHA Gene Lists =l

B EC | like YMR199W {CLMN1) (0.95)

EHCD PCa Yeast cell cycle tin Choose Condition 1 == | time 0 minutes, Yeast cell cycle time series (no 9(

B PR keywords | time 100 minutes, Yeast cell cycle time series (no  Add / Remove...

-1 simplified Gene Ontol :

_m il e Choose Data Type: MNormalized Data -

—&7 all genamic elements Choose Comparison: |Condition 1= or < Condition 2 ~|

41 ACGCGT in all ORFs

— 10+ 74 out of 117 genes pass filter [¥ Interactive Update
—g =
_ o
o
— 48 =
— =
me 10 minutes b -7 §
= time 20 minutes E — 5 g
i) =
me 30 minutes 5’5 = =
e 40 minutes | = |[7% 5 Caondition 2: time 100 minutes (ratio)
[=] - = T T T T T T T T T
me a0 minutes bl —4 = 0.z 03 04 0506 08 4 2 3
_ [=]
= time 60 minutes _3 ©
e time 70 minutes - Fold Difference: ,2_ View: |ScatterPlot -
me 80 minutes ._ 2
2 100 minute] j =1
L3

Save...| Close| Help |

Figure 6-13 The Filter on Fold Change window

1. Select the first sample or condition and click Choose Condition 1.
2. Select additional samples or conditions:
» To specify a single sample or condition, select it from the navigator and click
Choose Condition(s) 2.

* To select all the conditions in an experiment, select the experiment in the navigator
and click Choose Condition(s) 2.

» To select a pool of conditions manually (from any experiments), click Add/
Remove. The Conditions to Filter window appears:
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onditions to Filter
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Figure 6-14 The Conditions to Filter window
To specify conditions to filter, choose an experiment in the navigator. The conditions in
that experiment appear in the upper panel to the right of the navigator.

To add a condition to the filter, select it in the upper panel and click Add. The condition
is added to the Selected Conditions list in the lower panel. To add all condi-
tions from an experiment, click Add All.

To remove a selected condition, select it in the lower panel and click Remove. To
remove all selected conditions, click Remove All.

To view a condition in the Condition Inspector, select it in either list and click
Inspect, or double-click on a condition.

When you are done selecting conditions, click OK.

Select the appropriate data type from the Choose Data Type menu. For more
information on data types for filtering, see “Data Types for Restrictions” on page 6-53.

From the Choose Comparison menu, choose whether you want the signal in the
first sample or condition to be greater than, less than, equal to, or not equal to (greater
than or less than) that in the second sample.

Specify a fold factor using the slider, or by entering a value in the Fold Differ-
ence field.

Enter a value in the Difference must appear in at least [ ] out of
[ 1 comparisons field.
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Filter on Error

Filter on Error

EHA Gene Lists
Bl e Choose Gene List >> | like YMR199W (CLN1) (0.95)
EHCD PCA Yeast cell cycle time Choose Experiment == | Yeast cell cycle time series (no 90 min), Default Interpretation [...
ECIPIR keywords ) )
X i Cross-Gene Error Model is: Active
EH Simplified Gene Ontology
—&7 all genes Choose Error Type: Standard Deviation
—m all genomic elements
_{{j ACGEGET in all OREs Filter Genes on Standard Deviation
= L '_1 117 out of 117 genes pass filter I¥ Interactive Update
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o =
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o
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= E |
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=
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Figure 6-15 The Filter on Error window

To filter on errors:

1. Select an experiment or condition from the navigator and click Set Experiment.
You can also select a subset of conditions within an experiment.

2. Select the error type to filter on. Available options are:

+ Standard Deviation
» Standard Error
* Range of Replicates
3. Specify the following values for the filter:
*  Minimum—the smallest gene value to allow in your list (also known as the cut-off
value).
*  Maximum—the largest gene value to allow in your list.

* Values must appear in at least [ | out of [ ] conditions—the number of conditions
in the total experiment where genes must meet the specified requirements. This line
can refer to the whole experiment.
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Filter on Confidence

Filter on Confidence
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[

+1 PIR keywards

X i Cross-Gene Error Model is: Active
2o | Simplified Gene Ontology
—&7 all genes Choose Measure of Confidence: t-test p-value -
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Filter Genes on t-test p-value

Sa\fe...| Close| Help |

Figure 6-16 The Filter on Confidence window

To filter on confidence:

1.

Select an experiment or condition from the navigator and click Choose Experi-
ment. You can also select a subset of conditions within an experiment.

Select a measure of confidence from the Measure of Confidence menu. Available
options are:

* t-test p-value

* Number of Replicates

For details on t-test p-values, see “The Data Table” on page 4-11.

Select a multiple testing correction from the Choose Multiple Testing Correction menu.
Available options are:

* Bonferroni

* Bonferroni step down (Holm)

* Benjamini and Hochberg False Discovery Rate

* None

Specify the following values for the filter:

*  Minimum—the smallest gene value to allow in your list (also known as the cut-off
value).

+  Maximum—the largest gene value to allow in your list.
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* Values must appear in at least [ | out of [ ] conditions—the number of conditions

in the total experiment where genes must meet the specified requirements. This line
can refer to the whole experiment.

Filter on Flags

GeneSpring allows you to find genes based on the data quality flags in the original data
files. This option is available only if a flag column was specified in the data file when it
was loaded into GeneSpring.

Filter on Flags

EH Experiments
:é" ITiL
Select an experiment, interpretation, condition, or sample and click on Choose Sample(s).
Choose Sample(s) == |7 samples selected from: Demonstration Experiment
159 out of 159 genes pass filter [v Interactive Update
1003
o
i
@ 10
=]
=
= 9
=
o
=
= 01
fei)
=
£ 001 T T - —
2 DMEMF-12  Eagles MEM 1 [sd0] Leibovitz's L-15 RPMI 1640 Wyss' ZC
Flag Value: Present or Marginal j View: |Graph -
Value must appearin atleast |1 out of ¥ samples
. [
Save... | Close | Help |

Figure 6-17 The Filter on Flags window

1. To use all the samples from an experiment, select an experiment from the navigator and
click Choose Samples.

To select individual samples from the selected experiment, click Add/Remove. The
Samples to Filter window appears.
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% Sam ples to Filter

Filter on Parameter | Filter on Keywiord Filter Results (7 Samples)
Author CreationDate | Upload Date j

Filter on Attributes Filter on Experiment Show All

Dernanstration.bd Type-vour-Mame- Aug 8, 2002 6:11
Dermanstration b Type-Your-Narme- Aug &, 2002 611
Demaonstration.bd Type-Your-Mame- Aug 8, 2002 6:11
Dernanstration.bd Type-vour-Mame- Aug 8, 2002 6:11

Farmnnatration b TunaVanklama. aul« a 2007 Fdd Jj
3

| mcamn | | Remove ai | |
' Configure Columns
All Samples are displayed

Samples o Filter {1 Samples)
Authar |creationDate  [upload Date
Demonstration.bd Type-Your-Mame- Aug &, 2002 &:11

4] ]
0K Cancel Help
Figure 6-18 The Samples to Filter window

This window behaves exactly like the Sample Manager window. For more information,
see “The Sample Manager” on page 3-23.

2. Select the desired flag value from the pull-down menu. The available options are:
* Anything
* Present
* Present, Marginal
e Present, Unknown
* Present, Marginal, Unknown

*  Marginal
e Absent
e Unknown

3. Enter a value inthe Difference must appear in at least [ ] out of
[ 1 samples field.

Filter on Data File

Filter on Data File allows you to filter genes based on values in a specific column of your
experiment data files. For example, if you specified a flag column when you loaded your
data, you can filter on Present or Marginal calls.

If your sample data files are in multiple formats, this screen appears with a separate tab for
each data format. The available options on each tab are the same as the options for the
standard Data File Restrictions window.
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Filter on Data File
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Figure 6-19 The Filter on Data File window

1. Select an experiment or interpretation from the navigator and click Choose Exper-
iment.

2. To select the column or columns to search on, check the Search box in the header of
the desired column(s) in your experiment. The column is highlighted in yellow.

3. Restrict column values by choosing a value from the Column Values Must Be
pull-down menu and inserting a restriction value in the field provided. The available
choices are:

* Less than

* Greater than
* Equal to

* Not equal to
+ Contain

For example, if you load an Affymetrix file, you can use the pull-down menu to select
the Abs/call column and search for all entries equal to “M”. This produces a list of
only marginal data.

4. Specify the number of columns in which the desired value must appear. Select an
option from the Value must appear in pull-down menu and enter a value in the
field provided. The non-editable number to the right of this box indicates the number of
columns that have been selected.

If you have multiple data formats, this number reflects the total number of columns
selected on all tabs.
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Arbitrary File Restrictions

This option allows you to find genes based on the information in one or more columns
from a selected file. You can perform only one search at a time. The selected file must
have at least two columns: a column for gene identifiers and a column of some other type
of data. The Match Gene Identifier To pull-down menu lets you specify which
type of term you are using to identify each gene.

For instance, if you chose Systematic Name or Common Name or Synonym,
GeneSpring looks for the specified identifier in any of those three columns in any of your
master table of genes files. The filter then returns a list of the genes that have matching
identifiers in the selected field and pass the filter in the Search Criteria fields.

The same search criteria are applied to every selected column; therefore all selected col-
umns must contain the same type of information.

To perform multiple searches of columns containing different information, you must apply
multiple restrictions to your data, one for each type of information.

. Filter on an Arbitrary File
- Gene Lists

Ol Eec all genomic elements
{1 pea veast cell cycle time Choose File, Arbitrary b

L1 PR keywords
{1 simplified Gene Ontalogy

‘ all genes Please click on the checkbox in the "Search” row to select which column(s) to filter on
t all genomic elements]

ﬁj ACGCGT in all ORFs | IGene Identifier ||jSear[:h ||jSEar[:h |DSearch IDSEamh |~
ﬁj like YMR199W (CLNTY (0. | line 30 {Column Titles) |S/ock Column Ry Mame (]
£ normalized Data betweer | [line 31 (data) 1 1 1 contralla  plant cantrol
line 32 {data) 1 2 1 ¥05409 RKA for mitochondrial aldehyde defydro
line 33 (data) 1 3 1 D&3Taes mRNA Tor KIAA0200 gene.
line 34 {data) 1 4 1 HAg834 "mRMA for zine finger protein, Hsal2"
line 35 (data) 1 a 1 M12783 C-sisiplatelet-derived growth factor 2
line 36 (data) 1 [ 1 U407 Protein tyrosine phosphatage PTPsigms
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line 38 (data) 1 8 1 maogzo Rapamycin-hinding protein (FKEP25).
line 39 {data) 1 9 1 XBa544 "mRMA for protein kinase, PEX1 " | |
line 40 (data) 1 1 1 L36151 Phosphatidylinositol 4-kinase. -
Gene |dentifier Column Titles
Gene Identifier Column "I_:‘ & Has Column Titles
Match Gene Identifier To |Syslema[||: MName or Common Mame or Synonym ﬂ Line of Column Titles: |30 él

Search Criteria

Column values must be:  |Equalto = ¥ Use * as a Wildcard
Value must appearin Atleast - 1 no columns selected.

5 ‘ J Close Help
Figure 6-20 The Arbitrary File Restrictions window

1. Click Choose File and select the desired file from the browse menu.

This file must have a column of gene identifiers. During the loading process, Gene-
Spring analyzes the file to determine which column contains the Gene Identifier, and
colors that column in blue. In addition, it attempts to guess whether the file has column
titles, and colors that row red.

2. If GeneSpring did not select the correct column for the gene identifier, specify it in the
Column Containing Gene Identifier field.

3. UsetheMatch Gene Identifier To menu to specify the column to which the
gene identifier should be matched.
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4. If the column header row chosen is incorrect, use the First Line of Data field
to adjust the number of rows. If GeneSpring did not identify any column header row,
you must first check the Has Column Titles box.

5. Select the column or columns in which to search by checking the Search box at the
top of the desired column(s).

6. Restrict column values by choosing a value from the Column values must be
pull-down menu and inserting a restriction value in the field provided. The available
choices are:

* Less than

* Greater than
* Equalto

* Not equal to
+ Contain

For example, if you load an Affymetrix file, you can use the pull-down menu to select
the Abs/call column and select for all entries equal to “M”. This produces a list of just
the marginal data.

7. Specify the number of columns the desired value must appear in. Select an option from
the Value must appear in pull-down menu and enter a value in the field pro-
vided. The number to the right of this box indicates the number of columns that have
been selected.

Filter on Gene List Numbers

GeneSpring can filter genes according to the numbers associated with them in a gene list.
When you make a new list based on a filter or similarity metric, the value used as a filter is
associated with the genes on the new list. Some examples of associated numbers are corre-
lation coefficients, p-values, fold change ratios, or in the case of a regulatory sequence
search, the number of base pairs before the promoter region. Associated numbers can be
found by double-clicking a gene list to bring up the Gene List Inspector.

Filtering genes by their associated numbers is helpful if you want to use this information
to create a more specific list of genes. For example, you may want to find genes that are
very similar to another gene (with a high correlation coefficient), or genes that are a spe-
cific distance from a promoter found using the Find Potential Regulatory Sequences tool.
For details on Find Potential Regulatory Sequences see “Regulatory Sequences” on

page 6-18.
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Figure 6-21 The Filter on Gene List Numbers window

To filter on gene list numbers:

1. Select a gene list with associated numbers from the navigator and click Choose
Gene List.

2. Use the double-ended slider or enter minimum and maximum restriction values in the
fields provided.

If a gene list has no associated numbers, you cannot select it for filtering in this view. For
example, this filter cannot be applied to the “all genes” or “all genomic elements” lists
because there are no associated values.
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Advanced Filtering

From the Advanced Filtering window, you can combine basic filters and analysis filters
for more complex filtering operations. All of the basic filters described in the previous
section are available, as well as Filter on Gene List and Filter on Annotations. In addition,
you can perform Statistical Analysis (ANOVA) and Find Similar Genes operations. For
more information on these operations, see “Statistical Analysis (ANOVA)” on page 6-33
and “The Find Similar Command” on page 6-6.
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Filter on Gene List Mumbers
Filter on Expression Level - |

I Filter on Fold Change J M
Filter an Errar Use a Saved Filter... Save Filter... Save as Script... |
Filter on Confidence )
Filter Summary
Filter on Flags P
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Statistical Analysis (ANOWA)
Find Similar Genes 3
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Figure 6-22 The Advanced Filtering Window

To set up an advanced filter:

1. Select a filter from the list of available filters and click Add Restriction. Youcan
also add a filter by double-clicking its name in the list. The specified Filtering window
appears.

Note: Each entry in the Advanced Filtering window must result in one and only one gene
list. As a result, you do not have the option to run Post Hoc testing when applying
1-way ANOVA in an advanced filter, and you must select an individual gene list of
interest when applying 2-way ANOVA.

2. Set up the desired filtering parameters and click OK. In the Advanced Filtering window,
a line appears representing your filter.

3. Use the same procedure to add any additional filters.

To re-order steps, select a step in the list and click Move Up orMove Down. To insert
another instance of a step, select it in the list and click Duplicate. To remove a step,
click Delete.

At any time, you can view and edit an individual filtering step by double-clicking it in
the Restrictions table or highlighting it and selecting Edit.
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4. Choose from the pull-down menus in the column headers to construct the desired Bool-
ean expression. For more information on constructing Boolean expressions, see “Cre-
ating Boolean Filters” on page 6-67.

5. Specify whether to run the script locally or on a GeNet Remote Execution Server.

If you specify Remote Execution, the preview pane in the Filtering window for each
step is disabled. This is so that GeneSpring does not try to calculate the filter in real-
time while you are creating it.

Note: An advanced filter using the Arbitrary File Restriction filter cannot be executed
remotely.

6. Click start.

Once you have created the desired filter, you can save it for future use by clicking Save
Filter or Save As Script. For more information on saving filters, see “Saving Fil-
ters” on page 6-67.

Creating Boolean Filters

Mot Experiment/Gene List| Genes |}

Restriction Type

ats ‘east cell cycle time ¢
W Contral Signal between 10 Yeast cell cycle time =€
Filter on Fald Change Yeastcell cycle time se ARD

[
Figure 6-23 The Restrictions table

Think of each row in the Restrictions table as a single gene list. There are no priorities
between statements, so without parentheses to group statements, the order is assumed to
be left-to-right. Use the pull-down parentheses menus to group restrictions together.

The AND/OR pull-down menu tells GeneSpring how to combine the grouped restrictions.

The NOT pull-down menu tells GeneSpring not to use the genes from the selected filtering
step.

Saving Filters

You can save your filter either as a saved filter or as a script.

Saved Filters

Saved filters include all of the inputs to the filter and any associated information, includ-
ing each restriction and its settings. They can be accessed in any genome.

When a saved filter is opened in a genome other than the one in which it was created, the
genome data objects (gene lists, experiments, etc.) appear blank or undefined. You must
define these fields within the new genome before running the filter. Filters that require
data objects to be defined are displayed in red in the Restrictions table.
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A saved filter is limited to the computer on which it was created. It cannot be sent to
another user.

Saved Scripts

Filters saved as scripts save all of the current inputs as default inputs, but those inputs are
not required to run the script. The script is saved in the Scripts folder in GeneSpring’s nav-
igator. It will not reconstruct the appearance of the Advanced Filtering window; instead, it
runs exactly like a standard GeneSpring script. For more information on scripts in Gene-
Spring, see “Scripts” on page 8-2.

When you save a filter as a script, it is not limited to the computer on which it was created.
This means you can send it to other GeneSpring users.
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The Clustering Window

GeneSpring’s clustering algorithms are designed to divide genes or conditions into groups
that have similar expression patterns. GeneSpring supports a variety of clustering meth-
ods, each designed to solve a distinct type of problem. These are useful tools to identify
genes that are potentially co-regulated as well as to reveal coordinated responses to exper-
imental treatments. To perform clustering operations, select Tools > Clustering and choose
the appropriate clustering method from the menu. The following options are available:

¢« K-means
¢ Gene Tree
* Condition Tree

* Self-Organizing Map

* QT Clustering
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(1 PCA Yeast cell ycle time ;all genes (6330 genes)
e
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8] like YMR1994 (CLMN1) (0 Number of Clusters: |5
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Similarity Measure:  [Standard Correlation |
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¥ Animate display while clustering

Defaults

Computation Preferences
& Compute locally " Compute on a GeNet RemoteServer

Progress: |

Local run time estimate: Seconds

K | |

Start | CIOSQ| Help |

Figure 7-1 The Main Clustering Window, with the K-means tab selected

Using the Clustering Window

To perform any clustering operation, use the following steps:

1. Select a gene list from the navigator on the left side of the screen and click Choose
Gene List.

2. If no experiment is selected, choose one from the mini-navigator and click Choose
Experiment. Click Add/Remove to add or remove experiments from the list to be
analyzed. For more information on adding and removing experiments, see “Add/
Remove Experiments” on page 7-3.

3. Click the tab for your desired clustering method.
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4. Enter settings for the clustering operation. More information on the settings available
for each clustering method is available later in this chapter.

5. Specify whether to perform computation locally or on a GeNet Remote Server.

6. Click Start. If you are running the operation locally, its progress is indicated on the
progress bar in the Computation Preferences section of the screen.

When the operation is complete, the result depends on the clustering method used. See
the appropriate section of this chapter for more information.

Add/Remove Experiments

Use this window to add or remove experiments from the list to be included in the cluster-
ing operation.

"> Experiments to Cluster

Double click to edit weight

Weight | Experiment Name Interpretation Mode |_|
L 1.0 Default Interpretation Yeast cell cycl Default Interpretation Log of ratio

1.0 tirme 20 minutes Yeast cell cycle tir Default Interpretation Lag of ratio

5! time 10 minutes
e 20 minutes|
B! time 30 minutes
5! time 40 minutes

time 50 minutes .
: : =

OK Cancel Help

Figure 7-2 The Experiments to Cluster window

From this window you can do the following:

* To add an experiment, select it from the navigator and click Add.
+ To remove an experiment, select it in the list and click Remove.
+ To remove all listed experiments, click Remove All.

» To change an experiment’s weight, double-click its number in the Weight column of
the Experiments to Cluster window and enter a new value.

When you are done adding or removing experiments, click OK to return to the main clus-
tering window.

Some Notes on Experiment Weight

Correlations of multiple experiments are performed through a weighted correlation in
which you specify the weight of each experiment. You can make one experiment or exper-
iment set more important than another. If all of the experiments or experiment sets are
given the same weight, they are averaged equally.

The name of the experiment is noted directly after its relative weight. For example, you
could give SampleExperiment] a weight of 2, and Experiment2 a weight of 1. Therefore,
in this example, the correlations found in the SampleExperiment] are twice as influential
in creating the tree as the correlations between the genes in the Experiment2 study.

The equation used to determine the overall correlation is:
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X=(Aa +Bb+Cc+...)

(a+tb+c+...)
* A is the correlation coefficient between the gene in question in experiment 1 and the
gene named in the Experiments to Use box, also from experiment 1.
* ais the weight specified for experiment 1.

* B s the correlation coefficient of the gene in question in experiment 2, to the gene
named in the title bar, also from experiment 2.

* b is the weight associated with experiment 2.

» C is the correlation coefficient of the gene in question in experiment 3 to the gene
named in the title-bar, also from experiment 3.

* cis the weight associated with experiment 3.
and so on.

Experiments 1, 2, 3, etc., represent all of the experiments selected in the white Correla-
tions box. If X is between the minimum and maximum correlations specified in the
Clustering window, the gene in question passes the correlations.

Similarity Definitions

Similarity definitions are used in several clustering types. The equations used to determine
the nine types of correlations are described in detail in Appendix B, “Equations for Corre-
lations and other Similarity Measures”.

The default correlation is the Standard Correlation, Standard correlation = a.b/(|a||b)).

Minimum Distance and Separation Ratios

n
ZAZ.BZ.

i—1

n n
> 47| X

i-1 i—-1

To make a tree, GeneSpring calculates the correlation for each gene with every other gene
in the set. Then it takes the highest correlation and pairs those two genes, averaging their
expression profiles. GeneSpring then compares this new composite gene with all of the
other unpaired genes.

This is repeated until all of the genes have been paired. At this point the minimum distance
and the separation ratio come in to play. Both of these affect the branching behavior of the
tree. The minimum distance deals with how far down the tree discrete branches are
depicted. A value smaller than .001 has very little effect, because most genes are not corre-
lated more closely than that. A higher number tends to lump more genes into a group,
making the groups less specific.
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Gene Tree

The classification of organisms into phylogenetic trees is a central concept to biology.
Organisms sharing properties tend to be clustered together, and the location of a branch
containing both organisms can be considered a measure of how similar the organisms are.
You can classify genes in a similar manner—<clustering those whose expression patterns
are similar into nearby places in a tree. Such mock-phylogenetic trees are often referred to
as gene trees.

GeneSpring can both create and display such trees. GeneSpring can also create trees of
experiments, displaying the genes along one axis and the samples along the other axis.
This is useful for many applications. For example, you can determine if any environmental
stressors cause similar effects on the expression levels as mutant organisms do.

If you have already created or downloaded trees, open the Gene Trees folder in the naviga-
tor and select any tree for viewing.

Gene Tree Clustering Options
The following options are available for gene tree clustering:
* Similarity Measure—available options are:

- Standard Correlation

- Smooth Correlation

- Change Correlation

- Upregulated Correlation

- Pearson Correlation

- Spearman Correlation

- Spearman Confidence

- Two sided Spearman Confidence
- Distance

For detailed information on these measures of similarity, see “Similarity Definitions”
on page 7-4.

* Do automatic annotation—Specifies whether to annotate the nodes of the tree with
the names of the gene lists that have similar members. Using this option can add con-
siderable time to the tree-building process, but is usually worthwhile.

This feature becomes even more valuable once you have created a simplified ontology
for the genome, as the ontological classifications can be used to label tree branches.
For details on creating a simplified ontology, see “Building a Simplified Ontology” on
page 6-31.

*  Only annotate with standard lists—Specifies whether the annotations on the nodes
are done with all gene lists or only the gene lists marked as standard. (This is set in the
Gene List Inspector. See “Displaying a Gene List” on page 4-3 for more information.)

* Discard genes with no data in half the starting conditions—Discard any genes with
no data in at least half the conditions in the selected experiment.
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* Merge similar branches—Merge branches with similar results. For information on
the Separation Ratio and Minimum Distance settings, see “Advanced Tree Options” on
page 7-8.

Saving Gene Tree Clustering Results

When the gene tree clustering operation has completed, the Name New Gene Tree window
appears.

= Name New Gene Tree (117 genes)
Name i ies
Folder

Gene tree of like YMR199W (CLMN1) (0.95) based on interpretation(s): condition time 10 minutes, interpretation
Veast cell cycle time series (no 90 min) Default Interpretation, mode Log of ratio (weight 1.0). Similarity Measure

NEEE was Distance.

EHA Gene Trees

TEASTCEI CYCIE TIm...

Save | Cancell

Figure 7-3 The Name New Gene Tree window

To save the new gene tree:

1. Enter a name in the Name field at the top of the screen. Names may not exceed 80
characters.

2. From the navigator, select a folder in which to save the new gene tree. To create a new
folder, navigate to the desired parent folder and enter a new folder name in the
Folder field.

3. Enter any additional information in the Notes field, if desired.

4. Click save.

Condition Tree

Complex trees can be made from multiple conditions or by tightly defining the types of
data to use. Select a gene list in the navigator to reduce the number of genes to be made
into a tree.

Condition Tree Options

The following options are available for condition tree clustering:
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* Similarity Measure—available options are:

- Standard Correlation

- Smooth Correlation

- Change Correlation

- Upregulated Correlation

- Pearson Correlation

- Spearman Correlation

- Spearman Confidence

- Two sided Spearman Confidence
- Distance

For more information on measures of similarity, see “Equations for Correlations and
other Similarity Measures” on page B-1.

*  Merge similar branches—Merge branches with similar results. For information ion
the Separation Ratio and Minimum Distance settings, see “Advanced Tree Options™ on
page 7-8.

Saving Condition Tree Results

When the operation is complete, the Name New Condition Tree window appears.

= Name New Condition Tree (16 conditions)

MName
Folder |

Experiment tree of like YMR199W (CLM1) (0.95) based on interpretation{s): interpretation Yeast cell cycle time
Notes series (no 90 min) Default Interpretation, mode Log of ratio (weight 1.0). Similarity Measure was Standard

Correlation.

EHA Condition Trees

ime 80 mi...
me 160 m...
ime 60 mi...
ime 70 mi...
me 140 m...
ime 10 mi...
ime 20 mi...
me 100 m...
me 110 m...
ime 30 mi...
ime 120 m...
ime 40 mi...
ime 130 m...
ime 80 mi...

ime 0 min...

i
i
i
i
i

I
&
=
L—

Save | Cancel|

Figure 7-4 The Name New Condition Tree window

To save the new condition tree:

1. Enter a name in the Name field at the top of the screen. Names may not exceed 80
characters.

2. From the navigator, select a folder in which to save the new condition tree. To create a

new folder, navigate to the desired parent folder and enter a new folder name in the
Folder field.
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3. Enter any additional information in the Notes field, if desired.

4. Click save.

Advanced Tree Options

The separation ratio determines how large the correlation difference between groups of
clustered genes must be for them to be considered discrete groups. This number should be
between 0 and 1.

It is not usually appropriate to change separation ratio or minimum distance.
Separation Ratio

The separation ratio determines how large the correlation difference between groups of
clustered genes has to be for the groups to be considered discrete groups and not be joined
together.

* Increasing separation increases the ‘branchiness’ of the tree.
* Default Separation ratio is 1.0. Separation ratio can range from 0.0 to 1.0.
» At a separation ratio of 0, all gene expression profiles can be regarded as identical.

To change the maximum correlation number, enter a new value in the Separation Ratio
box.

Minimum Distance

The number specified in the Minimum distance box determines the minimum separation
considered significant between genes. This reduces meaningless structure at the base of
the tree. The minimum distance deals with how far down the tree discrete branches are
depicted. A higher number tends to lump more genes into a group, making the groups less
specific.

* Decreasing minimum distance increases the ‘branchiness’ of the tree.

* Default minimum distance is 0.001. A value smaller than .001 has very little effect,
because most genes are not correlated more closely.

To change the default minimum distance, enter a new value in the Minimum distance box.

References for Hierarchical Clustering
Everitt, Brian S. Cluster Analysis (3rd Ed.) Arnold, London, 1993, pp 62-65.

Eisen, Michael B., et. al. “Cluster analysis and display of genome-wide expression pat-
terns” Proc. Natl. Acad. Sci. USA, V95, pp 14863-14868, December 1998.

k-Means Clustering

K-means clustering divides genes into groups based on their expression patterns. The goal
is to produce groups of genes with a high degree of similarity within each group and a low
degree of similarity between groups. Unlike self-organizing maps, k-means clustering is
not designed to show the relationship between clusters. Instead, k-means clusters are con-
structed so that the average behavior in each group is distinct from any of the other groups.
For example, in a time series experiment you could use k-means clustering to identify
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unique classes of genes that are upregulated or downregulated in a time dependent man-
ner.

GeneSpring’s k-means clustering algorithm divides genes into a user-defined number (k)
of equal-sized groups, based on the order in the selected gene list. It then creates centroids
(in expression space) at the average location of each group of genes. With each iteration,
genes are reassigned to the group with the closest centroid. After all of the genes have
been reassigned, the location of the centroids is recalculated and the process is repeated
until the maximum number of iterations has been reached.

K-means clustering Options

The following options are available:

Monmatized Intensity:
(log scale)
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010 30 50 70 100 130 160
Set1:1,640 genes, 1,640 shown
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010 30 50 70 100 130 160
Set 2:1,769 genes, 1,769 shown
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{logsealat

e iminutes)

010 30 &0 70 100 130 160
Set 3:1,211 genes, 1,211 shown
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Mermalized Intensity
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i forinutes)

010 30 50 70 100 130 160
Set 4:1,167 genes, 1,167 shown
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{log scaley

time {minutes)
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Graphed hy: Yeast cell eycle time series...
Split by: A cluster K-Means for Yeas...
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Unclassified... 1,089 shown

Colored by Calculated
Gene List.  all genomic elements (F216)

Figure 7-5 A k-means Cluster display in a Split Window

Number of Clusters—The number of clusters to make

Number of Iterations—The maximum number of times that each centroid is recalcu-
lated after genes are reassigned to groups with the most similar centroids.

Similarity Measure—available options are:

Standard Correlation
Smooth Correlation
Change Correlation
Upregulated Correlation
Pearson Correlation
Spearman Correlation
Spearman Confidence

Two sided Spearman Confidence

Distance

For more information on measures of similarity, see “Similarity Definitions” on
page 7-4.
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Start from Current Classification—Group genes using the selected classification as a
starting point. Note that this option is available only if you have selected a classifica-
tion. This option disables the Number of Clusters checkbox, since it automatically uses
the number of classes in the current classification.

Test [x] Additional Random Starting Clusters— Enter a number to make clustering
as tight as possible by performing clustering several times, each time starting from a
different random grouping of genes, and choosing the best result. The default value is
5.

Discard genes with no data in half the starting conditions—Discard any genes with
no data in at least half the conditions in the selected experiment.

Animate display while clustering—Show changes in classification assignments in
real time. This may slow your analysis slightly.

Saving k-means Results

When the k-means operation is complete, the Choose Classification Name window
appears.

+ Choose Classification Name

ell cycle time series (no 90 min) (Default Interpretation))

Folder

K-means clustering of gene list all genes based on the following interpretation(s): interpretation
Veast cell cycle time series (no 90 min) Default Interpretation, mode Log of ratio (weight 1.0). The
parameters used: Mumber of clusters 5, Mumber of iterations 100, Similarity Measure Standard
Correlation, Did not test any additional random clusters, Additional clustering notes: Converged o,

Motes

Save Classification As: Gene Classification ﬁl
. . WALOOTC Set1
+ Classification ALDD A St
" Gene Lists TALOD3WY Set2
. . TALOD A Set3
EHA Classifications VALOOSC Seta
ALOOTC Set2
TALOOEYY Set1
rALOOEYY Set1
ALDTOC Set1
ALDT 1Y Set2
TALOT 24 Set2
TALOT 3V Set2
TALODTAC Set1
TALDTAC Set4
rALOT BYY Set3

Save Cancel

Figure 7-6 The Choose Classification Name window

To save your results:

1.

Enter a name in the Name field at the top of the screen. Names may not exceed 80
characters.

To save the results as a classification, select the Classification radio button. To
save the results as a group of gene lists, select the Gene Lists radio button

From the navigator, select a folder in which to save the new classification or gene lists.
To create a new folder, navigate to the desired parent folder and enter a new folder
name in the Folder field.

Enter any additional information in the Notes field, if desired.
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5. Click save.

Viewing k-means Clusters

If you use k-means clustering to produce a classification, you can view details about the
classification in the Classification Inspector. For information about the Classification
Inspector, see “The Classification Inspector” on page 4-22.

The easiest way to view a classification is with the Split Window feature. Right-click a
classification or a gene list created with k-means clustering and select Split Window
> Both. The genome browser splits into several smaller displays. (You can also choose
vertically or horizontally.)

Self-Organizing Maps

The self-organizing map (SOM) is a clustering technique similar to k-means clustering.
However, SOMs illustrate the relationship between groups by arranging them in a two-
dimensional map in addition to dividing genes into groups based on expression patterns.
SOMs are useful for visualizing the number of distinct expression patterns in your data
and determining which of these patterns are variants of one another. SOMs were invented
by Tuevo Kohonen (1991, 2000) and are used to analyze many kinds of data. Applications
to gene expression analysis were described by Tamayo, et al (1999).

GeneSpring’s self-organizing map algorithm begins by creating a two-dimensional grid of
nodes in the space of gene expression. In each iteration, one gene is selected and all of the
nodes within a user-defined “neighborhood” are moved closer to it. This process is
repeated with each gene in the selected gene list until the maximum number of iterations
has been reached.

With each iteration, the “neighborhood radius” is incrementally reduced and nodes are
moved by smaller and smaller amounts to produce convergence. In this way, the grid of
nodes is stretched and wrapped to best represent the variability of the data, while still
maintaining similarity between adjacent nodes. After the iteration is complete, genes are
assigned to the nearest node, and a display grid of gene expression graphs is generated,
corresponding to the initial grid of nodes.

As the iteration proceeds, the neighborhood radius decreases smoothly, so that points
move more independently later in the process. The neighborhood radius is expressed in
terms of Euclidean distance in grid units relative to the abstract grid of the expression pat-
terns. (This is different from the distance between nodes in gene expression space.) For
instance, point 1,2 is one unit away from 1,3.

If you make the neighborhood radius very small (less than 1) each point always moves
independently, and adjacent clusters are not related. If you specify a very large neighbor-
hood radius, initially all the nodes move toward every data point, and the grid behaves as
if it is very “stiff”, with more similarity between node results, but less flexibility to explore
the variations in the data.

Self-Organizing Map Options

The following options are available for SOM clustering:
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Rows—The number of rows in your grid. The default setting is based on the number of
genes and conditions in the selected experiment(s).

Columns—The number of columns in your grid. The default setting is based on the
number of genes and conditions in the selected experiment(s).

Number of Iterations—How many times each gene is examined. For example, if
there are 10,000 genes and 60,000 iterations are specified, each gene is examined six
times.

Neighborhood Radius—How many nodes move toward a data point at the beginning
of the iteration, and therefore how similar the profiles are for each node.

Discard genes with no data in half the starting conditions—Discard any genes with
no data in at least half the conditions in the selected experiment.

Note: A good way to estimate the optimum number of rows and columns is to try to pre-

dict how many distinct classes of genes are affected by the conditions in your exper-
iment. With small data sets, the algorithm may generate a number of empty nodes.
To avoid this, you might try using a smaller grid.

SOM Results

When the SOM operation is complete, the Choose Classification Name window appears.

+ Choose Classification Name E|E|PZ|

WETLEBMIGx5 SOM for Yeast cell cycle time series (no 90 min) (Default Interpretation

Folder |

Self-Organizing Map clustering of like YMR199W (CLM1) (0.95) based on interpretation(s):
Not interpretation Yeast cell cycle time series (no 90 min) Default Interpretation, mode Log of ratio
B (weight 1.0). The parameters used: Rows 6, Columns 5, lterations 60000, Radius 6.0.

Save Classification As: Gene Clagsification -l
+ Classification :itgg;\g: Ejg; Ll
" Gene Lists YEROTIWY 4,11
EHZ Classifications :ggggg\g ?512;

YEROS9YY (8,2}

TYER1ETYY (4,6}

WBR275C (1,2}

WCLOETC (211

WCROGEYY (4,43

WOLOO3W (8,2}

WOLO0ac (2,8}

WOLOT 0wy (1,13

YOLO11C (1,13

YOLO18C 4,11 J

Save Cancel &

Figure 7-7 The Choose Classification Name window

To save your results:

1.

Enter a name in the Name field at the top of the screen. Names may not exceed 80
characters.

To save the results as a classification, select the Classification radio button. To
save the results as a group of gene lists, select the Gene Lists radio button
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3. From the navigator, select a folder in which to save the new classification or gene lists.
To create a new folder, navigate to the desired parent folder and enter a new folder
name in the Folder field.

4. Enter any additional information in the Notes field, if desired.

5. Click save.

Viewing SOMs

SOM results are most easily viewed using the Split Window feature. Each graph contains
the genes associated with a SOM node. Node numbers are shown in the upper right corner
of each plot.

8ENormaIized Intensity 8ENormaIized Intensity 8ENormaIized Intensity
(g scale) Hflog scale) flog scale)
15 15 15
time {minutes) . time {minutes) . time {minutes)
0 2040 70 100 140 0 2040 70 100 140 0 2040 70 100 140
(1,13 6 genes, 6 shown (213 3 genes, 3 shown (3,13 7 genes, 7 shown
8ENormaIized Intensity 8ENormaIized Intensity 8ENormaIized Intensity
(g scale) (g scale) flog scale)
19 19 19
time {minutes) . time {minutes) . time {minutes)
0 2040 70 100 140 0 2040 70 100 140 0 2040 70 100 140
(1,23 7 genes, 7 shown (2,29 2 genes, 2 shown (3,231 genes, 1 shown
Graphed hy: Yeast cell eycle time series... Colored by Calculated
Split by: Bx5 SO0 for Yeast cell cyel.. Gene List.  all genomic elements (F216)

Figure 7-8 A 3x2 SOM of the “Yeast cell time series (no 90 min)” experiment

If you have selected many panels, you may want to hide the horizontal and vertical labels
for easier viewing. Right-click the genome browser and select an option from the Options
submenu. You can also increase your viewing space by selecting View > Visible >
Hide All.

If you use a SOM to produce a classification, you can get details about the classification
from the Classification Inspector. For information about the Classification Inspector, see
“The Classification Inspector” on page 4-22. To recreate your SOM graph, click the SOM
classification or folder of gene lists in the navigator and select Split Window >
Both.

SOM References
Kohonen, T. (1990). The Self-Organizing Map. Proc. IEEE 78(9):1464-1480.
Kohonen, T. (2000). Self-Organizing Maps (Third Edition). Springer Verlag. Berlin.

Tamayo, P., Slonim, D., Mesirov, J., Zhu, Q., Kitareewan, S., Dmitrovsky, E., Lander, E.,
Golub, T. (1999). Interpreting patterns of gene expression with self-organizing maps;
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Methods and application to hematopoietic differentiation. Proc. Nat. Acad. Sci. USA
96:2907-2912.

QT Clustering

QT clustering looks for clusters of genes such that each gene in the cluster is within a
specified distance (based on a user-defined distance metric) of every other gene in the
cluster. In GeneSpring, the cutoff is specified based on a correlation function, so the cutoff
is the minimum allowed value: In QT clustering, the “diameter” of a cluster refers to the
largest distance between any two genes in the same cluster.

QT clustering builds a cluster by starting with a single gene. The diameter at that point is
0. It then adds the gene that is closest to the starting gene. The diameter of the cluster is
now equal to the distance between the two genes. It continues adding genes one at a time,
always choosing the gene that will result in the smallest cluster diameter. Eventually it
reaches a point where no genes can be added without the diameter growing beyond the
allowed cutoff. The cluster is then complete.

The cluster obtained depends on which gene is chosen to start from. Therefore, it indepen-
dently builds clusters starting from each gene in the user-selected gene list. The cluster
with the most genes is kept, and is part of the final classification. All others are discarded.

There is now a single cluster. The genes in this cluster are removed from the list, and the
process is begun again. A new cluster is built from every gene in the reduced gene list, the
largest one is kept. This process is repeated until the number of genes in the largest cluster
is smaller than a user-defined cutoff.

QT Clustering Options
The following options are available for QT Clustering:

* Minimum Cluster Size—The smallest allowable size for a cluster to be considered
valid

*  Minimum Correlation—The minimum correlation for any pair of genes in the same
cluster

* Similarity Measure—available options are:

- Standard Correlation

- Smooth Correlation

- Change Correlation

- Upregulated Correlation

- Pearson Correlation

- Spearman Correlation

- Spearman Confidence

- Two sided Spearman Confidence
- Distance

For more information on measures of similarity, see “Similarity Definitions” on
page 7-4.
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Saving QT Clustering Results

When the operation is complete, the Choose Classification Name window appears.

hoose Classification Name

MName no 90 min) (Default Interpretation)|
Folder
QT clustering of ACGCGT in all ORFs based on interpretation(s): interpretation Yeast cell cycle
Not time series (no 90 min), Default Interpretation, mode Log of ratio (weight 1.0). The parameters
0188 ysed: Minimum Cluster Size 10, Minimurm Similarity 0.1, Sirnilarity Measure Standard
Correlation.
Save Classification As: Gene Clagsification ﬁl
. . TALO34W-A Set1
(+ Classification VARDDTC St
" Gene Lists TARDDBWY Set1
. . WELOD2W Set3
EHA Classifications VELOO3C Set3
WELOT 1Y Set3
YBLOZ1C Set3
WBLOZEW Seth
WBLO3SC Set1
WBLOSEW Seth
WBLOBEC Set1
WELTO01W-A Set13
YEL101W-B Set13
YEROOSYY Seth
WYEBROOTC Set4 J
_save | _cancel

Figure 7-9 The Choose Classification Name window

To save your results:

1.

Enter a name in the Name field at the top of the screen. Names may not exceed 80
characters.

To save the results as a classification, select the Classification radio button. To
save the results as a group of gene lists, select the Gene Lists radio button

From the navigator, select a folder in which to save the new classification or gene lists.
To create a new folder, navigate to the desired parent folder and enter a new folder
name in the Folder field.

Enter any additional information in the Notes field, if desired.

Click save.
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Principal Components Analysis

Principal components analysis (PCA) is a decomposition technique that produces a set of
expression patterns known as principal components. Linear combinations of these patterns
can be assembled to represent the behavior of all of the genes in a given data set.

PCA is not a clustering technique. It is a tool to characterize the most abundant themes or
building blocks that reoccur in many genes in your experiment. You can run PCA on genes
or on conditions.

By default for PCA on Genes, PC scores are calculated by computing the standard correla-
tion between each gene's expression profile vector and each principal component vector
(eigenvector). For PCA on conditions, this means calculating the standard correlation
between each condition vector and each principal component vector (eigenvector). Calcu-
lating scores this way has the advantage of scaling them to be between -1 and 1.

If you uncheck the Report scores as correlations box, the PC scores repre-
sent the coordinates of the genes or conditions in the system defined by the first few prin-
cipal components. In other words, these scores are the values of the principal components
for each gene or condition.

PCA on Genes

To run PCA on genes:

1. Select Tools > Principal Components Analysis.

%, Principal Component Analysis
Gene Lists {|Pca on conditions |

[ | i
ERPETMEE all genomic elements (7,216 genes)
Yeast cell cycle time series (no 90 min) Default Interpretation {(mode: Log)

¥ Report scores as correlations

Computation Preferences
& Compute locally " Compute on a GeNet RemoteServer

Progress: |

Local run time estimate: Seconds

Stat | Ciose | Help |

Figure 7-10 Principal Components Analysis screen

If it is not already selected, click the PCA on Genes tab.
Select a gene list from the navigator and click Set Gene List.

Select an experiment from the navigator and click Set Experiment.

wokR »e

Check or uncheck the Report scores as correlations box to specify
whether to report scores as correlations or as the values of the principal components for
each gene. This box is checked by default.

6. Specify whether to run the computation locally or on a GeNet Remote Server.

7. Click start.
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PCA on Genes Results

When the analysis is complete, the PCA Results window appears, displaying each compo-
nent as a line in graph mode. The significance of each component is represented by the
color of its graph line, as defined by the colorbar.

In addition, a new gene list folder appears in the GeneSpring navigator with a name that
includes the experiment that you used for PCA analysis (e.g., “PCA yeast cell cycle”).

Principal Components Analysis (Genes) Results

Frincipal Components Analysis on Genes
Experiment: Yeast cell cycle time series (no 90 min), Default Interpretation, mode: Log
Gene List all genomic elements
2.0
1.09
i ...
Color Principal Cumpuneni Percent Variance | Cumulative Percentl_|
Frincipal componen 29.99% 29.99%
Frincipal componen 15.08% 45.07%
Frincipal componen 9.446% 54.51% Split Window
Frincipal componen 8.043% 62.56% T
A Show Bar Graph
Frincipal componen 6.889% 6Y.44% _—
Principal component 4.933% 74.38% Change Colors...
Frincipal componend 4.021% TEA%
Frincipal componen 3.647% 82.04%
Frincipal componen 3.325% 85.37% J

Save Scores

To save gene |IS?S whose associated values are the companent scores e ST
for each gene, click Save Scores

Save Profiles

To save the shape of each principal component as an expression

Save Profiles...
prafile, click Save Profiles

Close Help

Figure 7-11 The Principal Components Analysis Results window

Double-click a component to view the Gene Inspector window, which shows the eigen-
value and explained variability in the upper-left panel.

This screen contains the following buttons:

* Split/Unsplit Window—toggles between the default view and splitting the graph by
component.

* Show Bar/Line Graph—toggles between the bar and line graph views.
* Change Colors—allows you to change the colors used to display the components.

+ Save Scores—save gene lists whose associated values are the component scores for
each gene.

+ Save Profiles—save the shape of each principal component as an expression profile.
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PCA on Conditions

To run PCA on conditions:

1. Select Tools > Principal Components Analysis.

Principal Component Analysis

Simplified Gene Ontolc
% all genes
% all genomic elements
8 ACGCGT in all ORFs
27 like YMR1 9OV (CLM1)
EH3 Experiments

PCAOn Genes PCA on Conditions |

all genomic elements (7,216 genes)
] i|yeast cell cycle time series (no 80 min), All Samples .. Exclude Conditions...

¥ Report scores as correlations

cell cycle time s

efault Interpretatio

=1

Computation Preferences

@ Compute locally " Compute on a GeNet RemoteServer

Progress: |

Laocal runtime estimate: Seconds

stat | Close | Hebp |

Figure 7-12 PCA on Conditions tab

A

from the analysis.

If it is not already selected, click the PCA on Conditions tab.
Select a gene list from the navigator and click Set Gene List.
Select an experiment from the navigator and click Set Conditions.

Click Exclude Conditions. .. to specify which conditions (if any) to exclude

Exclude Conditions
Select conditions to analyze.
Group |Time {minutes) ﬂ
vl |El 330 __ Checkal |
¥ |En 360 Clear Al
[v |Elu 380
& o
|C0 Jedet1s 10
|C0 Jedet1s 30
|C0 Jedet1s ] T
[ [cdet1s 70
I cdcts 80
|C0 Jedet1s an
E cdcls 100
E cdcls 110
E cdcls 120
E cdcls 120
E cdcls 130
E cdcls 140
E cdcls 140
[ |cdet1a 160 Jj
] »
63 out of 78 conditions excluded
QK | Cancel | Help |

Figure 7-13 The Exclude Conditions window
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By default, all conditions are selected. To exclude a condition, uncheck the box to its
left. To include a condition, check the box. Click Check All to include all condi-
tions, or Clear All to exclude all conditions. To check or clear a range of condi-
tions, select them in the list and click Check Selectedor Clear Selected.

6. Check or uncheck the Report scores as correlations box to specify
whether to report scores as correlations or as the values of the principal components for
each condition. This box is checked by default.

7. Specify whether to run the computation locally or on a GeNet Remote Server.

8. Click start.

PCA on Conditions Results

When the analysis is complete, the PCA Results window appears, displaying each condi-
tion as a line in graph mode. The significance of each condition is represented by the color
of its graph line, as defined by the colorbar.

% Principal Components Analysis (Conditions) Results

Conditions: Yeast cell cycle time series (no 90 min), Default Interpretation [Mode: Log of ratio]

Gene List: all genomic elements

1102

""'I'FIPN-M HEET TR Y DT ¥ IR B ) PO . Ll it
b e L "Ill Tl .'"‘"'|rI'J"'.' o rmmmh!.l..d'\”T_qlq‘“lfh

1.00=

oa0] 'H| |

0.80-

Color Principal Component Percent Variance |_|
I Frincipal Companent 1 29.99% Split Window

Frincipal Component 2 16.08%

GEie

P Display Options
Frincipal Component 3 9.446%

| Principal Companent 4 2.043% Change Colors...
Frincipal Component 5 6.889% J
Save Scores

To save expression profiles whose values are the compaonent scores for
each candition, click on Save Scores

Save Scores...

Save Profiles

To save gene lists whose associated values comprise the profiles ofthe
principal campanents, click Save Profiles

Close Help

Figure 7-14 The Principal Components Analysis Results window

Save Profiles...

In the PCA results window, double-click a condition to view the Gene Inspector window,
which shows the eigenvalue and explained variability in the upper-left panel.

This screen contains the following buttons:

* Split/Unsplit Window—toggles between the default view and splitting the graph by
component.

+ Show Bar/Line Graph—toggles between the bar and line graph views.
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+ Change Colors—allows you to change the colors used to display the components.
* Save Scores—save expression profiles showing the component scores.
» Save Profiles—save gene lists to profile the PCA components.

A second window appears that displays a condition scatter plot with the first three compo-
nents on the axes. For information on using this view, see “Condition Scatter Plot” on
page 4-68.

Interpreting your PCA Results

The principal components of a data set are the eigenvectors obtained from an eigenvector-
eigenvalue decomposition of the covariance matrix of the data. The eigenvalue corre-
sponding to an eigenvector represents the amount of variability explained by that eigen-
vector. The eigenvector of the largest eigenvalue is the first principal component. The
eigenvector of the second largest eigenvalue is the second principal component and so on.
Principal components which explain significant variability are displayed by GeneSpring in
the Principal Components Analysis window.

There are never more principal components than there are conditions in the data.

Viewing Principal Component Loadings in a Scatter Plot

After performing principal components analysis, the genome browser displays a 3-D scat-
ter plot in which the loadings for the first, second, and third principal components (repre-
senting the largest fraction of the overall variability) are plotted on the X, Y, and Z axes
respectively. In Figure 7-15, each point represents a single gene. Its position on the Y-axis
represents the loading of principal component 2. The position on the X-axis represents the
loading of principal component 1.

This view is useful for selecting and making lists of genes that exhibit high levels of one or
two principal components. Genes that exhibit high levels of the first principal component
and low levels of the second principal component are displayed in the lower right corner

of the plot, and genes exhibiting equal levels of the two components lie along the diagonal.
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Figure 7-15 PCA Scatter Plot

You can change the components that are represented by each axis by right-clicking in the
browser and selecting Display Options.
Regenerating the PCA Scores Scatter Plot

If you have closed the PCA scatter plot window and have saved the PCA scores as a set of
gene lists or expression profiles, you can reproduce the initially displayed scatter plot by
doing the following:

PCA on Genes:
1. Open View > Scatter Plot (or 3D Scatter Plot)

2. Right-click over the scatter plot and select Display Options.

3. Select the first desired gene list from the navigator and assign it to the X axis. Repeat
this step for the remaining axes.

4. When you are done assigning the gene lists to the desired axes, click OK.

PCA on Conditions:
1. Open View > Condition Scatter Plot.

2. Right-click over the scatter plot and select Display Options.

3. Select the first desired expression profile from the navigator and assign it to the X axis.
Repeat this step for the remaining axes.

4. When you are done assigning expression profiles to the desired axes, click OK.
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Viewing Principal Components in an Ordered List

The best way to visualize the genes that exhibit the highest levels of an individual compo-
nent is to use the ordered list view.

Select View > Ordered List and choose one of the PCA gene lists from the naviga-
tor panel. Genes exhibiting the highest levels of the selected principal component are dis-
played on the left side of the genome browser and have the longest lines extending upward
from them. For more details, see “Ordered List View” on page 4-58.

= GeneSpring Yeast Genes : like YMR199W (CLN1) (0.95)

File Edit View Experiments Colorbar Filtering Tools Annctations Window Help

EHA Gene Lists
1 PCA Yeast cell cycle time ol
C1 PIR keywaords 4.0
1 gimplified Gene Ontology a0
8] all genes 25
t all genomic elements 20

81 ACGCGTin all ORFs

|HWWWWWWM\i... :

Condition Trees

Expression
=

Classifications | 1 | 0.9

&0 Pattays TRV A o RO P bk AT IR R 0.8

P VT VW0 W [ (NN R 1 e b
I

Expression Profiles
External Frograms 1 | 1 0.5
Bookmarks I"|F'| II“III | | I| I | ; “ | II”II .

Scripts

0.3
0.2
Colored by Yeast cell cycle time series (ho 80 min) Default Interpretation
Gene List  like YWMR199W (CLN1} (0.95) (117) b

Trust

Show All Genes Magnification : 1
| | | | | wag

Figure 7-16 PCA in the Ordered List view
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The Class Predictor

The Class Predictor is designed to predict the value, or “class”, of an individual parameter
in an uncharacterized sample or set of samples. It does this in two steps.

First, the Class Predictor algorithm examines all genes in the training set individually and
ranks them on their power to discriminate each class from all the others. Next it uses the
most predictive genes to classify the “test set” (i.e. the set where the parameter value of
interest is unknown). For example, you could attempt to diagnose the leukemia type of a
leukemia patient with the Class Predictor by using expression data from patients whose
leukemia type was known. You can also use the Class Predictor simply to find genes
whose behavior is related to a given parameter by examining the list of predictor genes.

The list of predictor genes is assembled using Fischer’s exact test. In this method, all the
measurements for a given gene are ordered according to their normalized expression lev-
els. For each class (parameter value), the predictor places a mark in the list where the rela-
tive abundance of the class on one side of the mark is the highest in comparison to the
other side of the mark. The genes that are most accurately segregated by these markers are
considered to be the most predictive. A list of the most predictive genes is made for each
class and an equal number of genes (lowest P-value using Fischer’s exact test) are taken
from each list.

To make a prediction, the class predictor uses the k-nearest-neighbor method. It selects
“k” number of samples near (as measured in Euclidean distance) the unclassified sample,
and for each class, computes a P-value that is the likelihood of finding the observed num-
ber of this class within the neighborhood members by chance given the proportion of the
classes in the training set. The class with the lowest P-value is assigned to the unclassified
sample.

You can specify a P-value cutoff, or threshold, such that if there is not sufficient evidence
in favor of a particular class, no prediction is made. The P-value cutoff is a ratio of the
probability that the prediction was made by chance for the two classes. If you have more
than two classes, the ratio is the lowest P-value divided by the next lowest P-value.

To Use the Class Predictor

1. Select Tools > Predict Parameter Values. The Predict Parameter Values
window appears.

2. Open the Experiments folder in the navigator and click your training set (the set of
samples for which the parameters are already known). Click Training Set.

3. Click your test set (the set where the parameter value of interest is unknown), and click
Test Set.

4. Open the Gene Lists folder in the navigator and click a gene list to be used in the selec-
tion process. Click Select Genes From.

5. Select a parameter in the Parameter to predict box.
6. Specify a Number of predictor genes to be used in the prediction.

7. Specify a Number of neighbors. Generally, this number should be no more than
half the size of a single class, and no less than 10.
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8. Specify aDecision cutoff for P-value ratio. The P-value cutoffis a

threshold such that if there is not sufficient evidence in favor of a particular class, no
prediction is made. The P-value cutoff is a ratio of the probability that the prediction
was made by chance for the two classes. If you have more than two classes, the ratio is
the lowest P-value divided by the next lowest P-value.

Select Predict Test Set to make a prediction or Crossvalidate Train-
ing Set to evaluate how well the prediction rule can be used to predict the parameter
values of the training set.

10. Specify whether to run this process on your local machine or a GeNet Remote Server.

11.Click start.

Interpreting the Results of a Prediction

The Prediction Results window appears after you have made a prediction or validated a
training set. For convenience, not all of the prediction statistics are visible until you click
the Show Details button at the bottom of the window.

True Value—the true value of the class of each sample, as calculated when the param-
eter for the test set is already known. Compare this with the value in the Prediction col-
umn to validate your training set.

Prediction—the predicted class.

P-value ratio—the P-value ratio, or the probability that the prediction was made by
chance for the two classes. If you have more than two classes, the ratio is the lowest P-
value divided by the next lowest P-value.

Class counts—the individual class counts for each sample.

P-value—probability that individual class counts were found by chance.

The Class Predictor is designed for experiments with at least 20 or so samples in each
class. It is possible to use the Predictor when you have very small sample sizes if you dis-
able the P-value cutoff function. For sample sizes of less than 5, specify 1 or 2 number of
neighbors and specify 1 in the P-value cutoff field.
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Figure 7-17 The Find Similar Samples window

There are two ways of reaching this window:
* Select Tools > Find Similar Samples

* From the Sample Inspector’s Similar Samples tab, click the Find Similar Sam-
ples button

To find similar samples:
1. Select a gene list from the navigator and click Choose Gene List.

2. If the sample to be compared is not pre-selected, click Choose Target Sample.
The Select Target Sample window appears. This window works similarly to the Sam-
ple Manager, except that you can select only one sample. For details on using this win-
dow, see “The Sample Manager” on page 3-23.

3. To specify the samples among which to search, click Choose Sample Pool. The
Select Sample Pool window appears. This window works exactly like the Sample Man-
ager. For details on using this window, see “The Sample Manager” on page 3-23.

4. If necessary, change the value in the Weighting Coefficient box.

If you do not wish to weight genes based on their control value, uncheck the Weight
genes based on intensity box.

5. Specify whether to run this process locally, or on a GeNet Remote Server.
6. Click start.

When the analysis is complete, the Find Similar Samples: Results window appears.

The Find Similar Samples Results Window

This window displays the results of the Find Similar Samples operation, both as a bar
graph ordered by correlation and a list of samples.
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Figure 7-18 The Find Similar Samples: Results window

The top portion of this screen displays a bar graph of your query results. The lower portion
of the screen displays a table of the samples returned by the query. By default, the samples

are

listed in the order of their correlation with the sample to which they were compared.

To re-order the table, click the appropriate column header.

Double-click a row to view that sample in the Sample Inspector.

The following options are available:

Change Colors...—Specify the colors used in the bar graph display. You can color the
graph using a single solid color or by a selected sample attribute. (If no sample
attributes are defined for the samples, the Attribute option does not appear.)

Configure Columns—Specify what information to display in the table of samples.

Copy to Clipboard—Copy the information in the table of samples to the clipboard.
This data can be pasted into a text file or a spreadsheet application such as Excel.

Save to File—Save the list of samples to a text file.

Create New Experiment...—Create a new experiment from selected samples. For
details, see “Creating New Experiments” on page 3-16.
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Scripts

What is a Script?

Scripts are time-saving tools allowing a long series of data analysis steps to be performed
at once. Scripts are re-usable and can be applied to any data set. You can create your own
scripts using the ScriptEditor.

Scripts in GeneSpring

Eleven predefined scripts are included with GeneSpring:

2-fold Expression Change—This script makes a gene list of all genes in a selected
experiment that are 2-fold overexpressed or 2-fold underexpressed in at least one con-
dition.

2-fold Expression Change AND Filter on Noise NOT Input—This script combines
the 2-fold Expression Change List and Filter on Noise scripts to produce a single gene
list that passes both filters but does not have any genes on the input gene list.

Best k-means—Given an experiment and a gene list, this script creates four k-means
classifications with three, five, eight and 15 clusters respectively and selects the classi-
fication with the highest explained variability. The selected k-means appears in a
results window.

Clustering 2-fold Change List—This script creates a gene list of all genes in a
selected experiment that are 2-fold overexpressed or 2-fold underexpressed in at least
one condition and then creates a gene tree, an condition tree, a k-means classification,
and a self-organizing map.

Filter on Noise—Creates a list of genes that have control strengths equal to or greater
than a user-supplied cutoff in at least half of the conditions in the experiment.

Find List of Similar Genes—This script makes a gene list for each of the genes in a
selected experiment if there are at least five genes with similar expression profiles.

Pairwise Comparison—Returns a list of genes that are two-fold overexpressed in at
least one condition in an experiment at compared with a specified experiment.

Probe Entire Enterprise Repository for Similar Conditions (PEER-C)—Given a
condition, this script searches through GeNet f