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Copyright and License

geWorkBench v1.8.0

SOFTWARE LICENSE AGREEMENT
Copyright 2004-2009 Columbia University.

This software was developed by Columbia University in conjunction with First Genetic
Trust and the National Cancer Institute, and so to the extent government employees are
co-authors, any rights in such works shall be subject to Title 17 of the United States Code,
section 105.

Redistribution and use in source and binary forms, with or without modification, are
permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice. Redistributions in
binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the
distribution.

2. The end-user documentation included with the redistribution, if any, must include the
following acknowledgment:

"This product includes software developed by the Columbia University, First Genetic Trust
and the National Cancer Institute."

If no such end-user documentation is to be included, this acknowledgment shall appear in
the software itself, wherever such third-party acknowledgments normally appear.

3. This license does not authorize the incorporation of this software into any proprietary
programs.

4. THIS SOFTWARE IS PROVIDED "AS 1S,” AND ANY EXPRESSED OR IMPLIED
WARRANTIES, (INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE) ARE DISCLAIMED. IN
NO EVENT SHALL THE COLUMBIA UNVIERSITY OR THEIR AFFILIATES BE LIABLE FOR
ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, PROCUREMENT OF SUBSTITUTE GOODS
OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY
WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

5.Below is the list of all third party software used in geWorkbench and their license information.

This product includes software developed by the Apache Software Foundation. Batik, Xerces,
and Xalan are part of Apache XML project. Byte Code Engineering Library, POI, Jakarta
Commons are part of Jakarta project, Axis is part of Apache Web Services project. Log4J is part
of Apache Logging Services project. ObJectRelationalBridge is part of the Apache DB project.

All aforementioned Apache projects are trademarks of The Apache Software Foundation. For
further open source licensing issues pertaining to Apache Software Foundation, visit:



http://www.apache.org/LICENSE

This product includes software developed by NCI Center for Bioinformatics (NCICB). caBIO is
part of the caCORE project. caArray is cancer array informatics project. For more information,
visit:

http://ncicb.nci.nih.gov/core/caBlO/technical_resources/core_jar/license
http://ncicb.nci.nih.gov/download/caarraylicense.jsp

This product may include the following software:

Cytoscape by the Institute for Systems Biology, University of California at San Diego, Memorial
Sloan-Kettering Cancer Center and Institut Pasteur.

NetX by J. Maxwell, ODE For Java by Tim Schmidt.

OpendGraph by Jesus M. Salvo, Jr.

Java Excel API by Andy Khan.

JMOL by molvisions.com

BioJava by BioJava.org.

JSCi by Mark Hale.

Ensemble for Java by the Sanger Institute and the European Bioinformatics Institute.

JGraph by JGraph Ltd.

These software products are licensed under the Lesser General Public License. For more
information,

visit:

http://www.gnu.org/copyleft/lesser.html

This product may include the following software:

Bayesian Network tools in Java by Kansas State University.

Java Hidden Markov Models (JAHMM) by Jean-Marc Francois.

JFreeChart by David Gilbert.

the Ostermiller utils by Stephen Ostermiller.

Weak by the University of Waikato

These software products are licensed under the General Public License. For more information,
visit:

http://www.gnu.org/copyleft/gpl.html

This product may include the following software:
ArrayExpress by the European Bioinformatics Institute.
Ogsa from Globus Alliance.

JDOM by Jason Hunter and Brett McLaughlin.

Looks by Karsten Lentzsch.

PureTLS by Eric Rescorla.

SkinLF by Frédéric Lavigne.

Jaxen by The Werken Company.

Dom4dJ by MetaStuff, Ltd.

Piccolo by the University of Maryland.

Ontologizer 2.0 by Peter Robinson and Sebastian Bauer.
These software products are licensed under the BSD or BSD style License. For more information,
visit:
http://www.gnu.org/philosophy/license-list.html#OriginalBSD

This product may include following public domain software:
AntLR by Terence Parr.
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Distributions by the University of Edinburgh
Java Matrix Package by MathWorks and NIST.
SplashBitmap by Kai Blankenhorn

This product may include the following software:

Aspectd by the Eclipse Foundation.

JUnit by Erich Gamma and Kent Beck.

AntLR by Terence Parr.

Distributions by the University of Edinburgh

Java Matrix Package by MathWorks and NIST.

WSDL4j by IBM, Inc.

These software products are licensed under the Common Public License. For more information,
visit:

http://www.eclipse.org/legal/cpl-v10.html

This product may include the following software:
Eleritec Docking Framework by Marius. This software is under MIT license. For more information,
visit: http://www.eleritec.net/

This product may include the following software:

NetComponents by Original Reusable Objects, which is under it own license. For more
information, visit:

http://www.savarese.org/oro/downloads/NetComponentsLicense.html

This product may include the following software:

ARACNE by Andrea Califano's lab at Columbia University
(http://wiki.c2b2.columbia.edu/califanolab).

This software has its own license, provided below in this document. geWorkbench users should
use ARACNE in agreement with the terms of this license.

All other product names mentioned herein and throughout the entire project are trademarks
of their respective owners.
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Contacts and Support

caBIG® Molecular Analysis Tools Knowledge | https:/cabig- _ _
Center (MATKC) kc.nci.nih.gov/Molecular/KC/index.php/Main _Page
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geWorkbench User and Developer Discussion
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http://www.geworkbench.org
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1 Introduction to the Manual

This manual is intended for the users of geWorkbench. It is directed at the bench
scientist and bioinformatician. It explains the basic principles, design goals, and uses of
geWorkbench, centered around the single or joint analysis of gene expression microarray
and sequence data. A separate Installation Guide is available.

While extensive explanations of how to use the software are given in this manual, further
tutorial information can be found on-line at www.geworkbench.org. The tutorials at that
site are the primary documentation for geWorkbench. This manual is based in large part
on the web-based tutorials.

This manual will cover the basic operations of geWorkbench and its core components.
This revision of the manual pertains primarily to release 1.8.0. New modules for
geWorkbench continue to be developed, and manual pages for them are made available at
www.geworkbench.org.

Documentation for following components is only available in the online Wiki tutorials:

o (Cellular Networks KnowledgeBase

e (lassification

o Gene Ontology Term Over-representation

e Jmol

e Mark-Us

e Master Regulator Analysis
e MatrixREDUCE

e MINDy
e Pudge

1.1 Changes in manual version 1.8

The manual has been updated to reflect changes included in version 1.8.0 of
geWorkbench. Extensive tutorials on new features are available at
www.geworkbench.org. The primary source of documentation is now the Tutorial
section on the wiki. This manual has been updated to incorporate chapters from the
Tutorials that pertain to core functionality of geWorkbench. The following sections were
so updated: Local and remote (caArray) file open, Marker Annotations (now includes
Cancer Gene Index), Sequence Alignment (BLAST), Promoter, ANOVA, ARACNe and




Grid Services. New sections include the Component Configuration Manager, Differential
Expression and Sequence Retrieval. The section on caScript is no longer included.
1.2 Changes in manual version 1.6

Figures updated to reflect changes in many of the graphical components.

1.3 Changes in manual version 1.5.1

The caArray query mechanism has changed slightly. It no longer uses the MAGE-OM
query mechanism. Instead, a Java API is used. Some aspects of the geWorkbench
graphical interface used for forming a query against caArray were simplified.
Screenshots for several other components of the geWorkbench GUI were updated.

1.4 Changes in manual version 1.5

This release of the manual adds a chapter on the ANOVA component for Analysis of
Variance calculations.

1.5 Changes in manual version 1.4

This release of the manual incorporates material that was previously released as a
separate supplement, entitled “Advanced Services”. Topics include:

1. use of geWorkbench within the context of the caGRID infrastructure. Several
analytical routines already supported directly within geWorkbench have been
developed as formal caGRID services, with an appropriate service interface
present within geWorkbench. They are initially intended to be used in the
analysis of microarray data. They are:

a. Hierarchical Clustering
b. SOM (Self-Organizing Maps)
c. ARACNE (a gene network reverse-engineering tool

2. aquery interface for caARRAY which allows searches on available annotation
fields

3. use of the caSCRIPT scripting language developed specifically for
geWorkbench to automate the running of repetitive or complex tasks.

1.6 Getting Started with geWorkbench

To get started with geWorkbench you may refer to the following sections of this manual:



e Review Chapter 2 for a brief overview of the software

* Review Chapter 3 to learn about the Graphical User Interface, including
basic file operations.

o Refer to Chapters 4 through 18 cover the basic a description of how to
use the core modules of geWorkbench.

e For information on remote access to services via caGrid, consult Chapter

17.

Detailed instructions and step-by-step tutorials on how to install and run geWorkbench
are available online at http://www.geworkbench.org/.

1.7 Document Text Conventions

The following table shows various typefaces to differentiate between regular text and
menu commands, keyboard keys, and text that you type. This illustrates how
conventions are represented in this guide.

Table 1-1 Document Conventions

Convention

Description

Example

Bold & Capitalized Command

Capitalized command >
Capitalized command

Indicates a Menu command

Indicates Sequential Menu
commands

Admin > Refresh

TEXT IN SMALL CAPS

Keyboard key that you press

Press ENTER.

TEXT IN SMALL CAPS + TEXT IN
SMALL CAPS

Keyboard keys that you press
simultaneously

Press SHIFT + CTRL and then
release both.

Boldface type Options that you select in In the Open dialog box, select
dialog boxes or drop-down the file and click the Open
menus. Buttons or icons that button.
you click.

Italics Used to reference other caCORE Software
documents, sections, figures, Development Kit 1.0
and tables. Programmer’s Guide

Italic boldface type Text that you type In the New Subset text box,

enter Proprietary Proteins.

Courier typestyle

Used for filenames, directory
names, commands, file
listings, source code
examples and anything that
would appear in a Java
program, such as methods,
variables, and classes.

URL_definition
url_string

Note:

Highlights a concept of
particular interest

Note: This concept is used
throughout the installation
manual.




Warning!

Highlights information of which
you should be particularly
aware.

Warning! Deleting an object
will permanently delete it from
the database.

Curly brackets are used for
replaceable items.

Replace {root directory} with
its proper value such as
c:\cabio




2 Overview of the Software

2.1 Motivation

Recent advances in high-throughput genomic technologies, spurred on in part through the
Human Genome Project, have opened the flood-gates to many different types of
biological data. For example, NBCI provides open access to genome sequences of over
1000 organisms; nucleotide and protein sequences (e.g., GenBank, RefSeq, Swiss-Prot,
PIR etc.), 3D macromolecular structures; population study data sets, catalogs of human
disease genes, genetic markers or tagged-sites database (SNP, EST, STS), molecular
modeling and genome mapping information. These developments directly influence
biomedical research. However, making use of this cornucopia of information is difficult
for investigators because most laboratories lack the tools to integrate the data into their
own studies.

Although a large selection of bioinformatics software tools is available, these have been
developed as individual software programs and do not readily interface with other
software. Differences in application design, programming language used for
implementation, and input/output requirements restrict their use to certain operating
systems, and/or impose data reformatting requirements. Furthermore, management of any
complex biological data (e.g. combining output from two different gene-expression
clustering tools) usually requires custom programming, because even though concepts
such as a gene expression cluster are well understood and ubiquitous in the literature,
their representation has not been standardized.

2.2 Introduction to geWorkbench

geWorkbench is an open-source platform for bioinformatics data analysis . It supports a
growing collection of self-contained software modules for management, analysis and
visualization of a range of biological research data. It also provides integration of
external databases and services into the local desktop client. The overriding goal of
geWorkbench is to provide biomedical researchers with a user-friendly application that
can link the analysis of disparate data types. It is an extension of a project originally
sponsored by the National Cancer Institute Center for Bioinformatics (NCICB) to
develop tools for microarray data analysis (caWorkBench).

geWorkbench has been primarily constructed for analysis of data derived from gene
expression microarray experiments, and allows pulling in many different resources to this
end, including sequence, gene ontology, promoter analysis, and standard analytic
techniques such as the t-test, hierarchical clustering, and gene network reverse-
engineering.



geWorkbench has a modular, component-based design. New modules can easily be
written and added as the need arises. A primary aim is to allow easy integration of
different forms of data analysis. Such integration removes the common hindrance of
needing to reformat data for each different type of analysis undertaken.

Extensive documentation and training material for geWorkbench can be found on its
main website at http://www.geworkbench.org/. There are wiki-based tutorials there for
almost all components of the application. These tutorials are more applied in nature than
the material in the printed manual. The software can be downloaded via links found on
the ‘Download’ section of that site. Those links refer to the actual archival location of
the software, which is the GForge site maintained by the NCICB. All official releases of
the software can be downloaded from that site.

This manual provides a detailed view of the modules that make up the core functionality
of geWorkbench. Tutorials and examples are available on the application website,
www.geworkbench.org. The application download area can be reached from that site or
directly from http://gforge.nci.nih.gov/projects/geWorkbench/. Information about
additional modules not covered in this manual can also be found at
www.geworkbench.org.

2.3 The geWorkbench Approach to Integrated Genomics

We believe that biomedical researchers will be best served by the establishment of a
standardized, fully integrated bioinformatics software infrastructure (such as
geWorkbench) that supports not only heterogeneous data and models, but also
algorithms, management, and visualization tools that can be seamlessly integrated and
distributed within the biomedical scientific community. It is this realization that is the
central motivation of the geWorkbench framework. The latter, then, attempts to address
the following needs:

1. Sharing not just a growing set of biological data types and data sets, but also a
growing set of application software tools to manipulate them.

2. Allowing different modules to interact with each other based on their semantic
compatibility (that is, the programmatic interfaces they implement). This is like
having two individuals that communicate not just because they have a “vocabulary”
translating individual words into their native languages but because they know how
they are assembled into meaningful sentences and concepts (semantics).

3. Supporting automatic event-driven computations and data analysis and visualization
workflows in a distributed environment that operates transparently to the end-users.



2.4 Components of geWorkbench

geWorkbench: geWorkbench is a Java application which is run on the User’s local
Windows, Macintosh or Linux workstation. This main application also serves as a front-
end client to a number of external computational and data services. Such services already
present in geWorkbench include the ability to run BLAST jobs on NCBI servers, and to
retrieve gene, pathway and sequence information from sources such as UC Santa Cruz
and the NCICB. A built-in, interpreted, Java-like scripting language, caSCRIPT, can be
used to automate tasks within geWorkbench.

caGRID: caGrid is a project sponsored by the National Cancer Institute to link and make
available data stored in Cancer Centers throughout the United States. . caGrid provides a
mechanism for all data and parameters passed on the grid to be of known, registered
types, to facilitate interoperation. geWorkbench can be used as a client for such grid
services and several such modules have been implemented.

caArray: caArray is a MIAME-supportive database system for microarray data
developed by the National Cancer Institute. geWorkbench supports querying against
such databases and retrieval of expression information.

Central to data integration in geWorkbench is a mechanism that allows independently
built tools and data sources to communicate in a meaningful fashion. This mechanism,
termed ‘“‘component semantics interoperability,” facilitates construction of complex
biomedical applications from simple components, much like building complex
assemblies from Lego pieces. It is implemented through the exchange or broadcast of
well-defined messages.

2.5 Supported Datatypes

geWorkbench currently is oriented towards the integration of microarray gene expression
and sequence data. Examples of data types handled by include:

® microarray gene expression data (Affymetrix, GenePix)
® Sequence data

= (e.g., DNA, RNA, protein sequences)
e complex multi-dimensional data-types

= biochemical pathways

= gene regulatory pathways



Examples of external data sources and services provided through geWorkbench include

e NCBIBLAST
e Server-side implementation of pattern discovery algorithms.
e UC Santa Cruz (GoldenPath) genome sequence retrieval.
e EBI protein sequence retrieval.
e Access to NCI databases including
= CGAP gene annotations
= BioCarta pathway diagrams
= caArray gene expression data
= Pathway Interaction Database

= Cancer Gene Index

Note: Previous versions of this program appeared under the names BioWorks and caWorkbench



3 Visual Interface and Data Management

3.1 Layout of the geWorkbench Interface

Figure 3-1 shows a screenshot of geWorkbench’s graphical interface. The workspace is
divided into 4 resizable panels whose functionality is further defined by the folder tabs
running across the top of each panel. Each panel can be arbitrarily resized by clicking on
an edge of that panel’s frame and dragging the mouse. In addition, the triangular shaped
wedges (on the left sides of the horizontal separators and at the top of the vertical
separator) can be clicked on to maximize that frame vertically and/or horizontally.

Each of these configurable panels is described in more detail in the sections that follow;
the purpose of this section is to provide an overall orientation. Moving from left to right
and from top to bottom, these panels include a Project window (1), a View window (2), a
Selection window (3), and an Analysis/Annotation window (4).

File Edit Wiew Commands Tools Help
R
Project Folders b
ﬁ ‘Workspace
1 2
F% 4
Markers ‘\,I.ﬁ.rraysll'F‘henotypes \
Search:| || Find Mext
A
3 4
Marker Sets
-
Load Set

— T T T, T

Figure 3-1 Layout of the geWorkbench Graphical Interface



Menu Bar

The GUI provides a menu bar at top with a standard choice of commands. Many
commands that are available in the menu bar are also available by right-clicking on data
objects.

Data management area (1)

Working with geWorkbench involves creating a project within the top-level workspace.
Open data files and the results of data transformation or analysis are stored within a
project. A workspace can contain more than one project at a time, allowing data to be
organized as desired. A workspace and all the projects and data within it can be saved
and later reloaded.

Set selection and management (3)

A key feature of geWorkbench is the ability to work with defined sets of markers or
arrays. This allows subsets of data to be analyzed, and allows for passing of selected
subsets of data between different components. For example, the t-test can be used to
create a list of markers showing a significant difference in expression between two states,
and this list can then be used to retrieve relevant sequences or annotations.

Visualization and Analysis tools (2 and 4)

geWorkbench works such that only the visualization and analysis components relevant to
the type of dataset currently selected in the Project Folders area (1) are displayed through
tabs in their respective areas (2 and 4). Thus choosing a microarray dataset will result in a
different set of tabs being displayed as compared with those seen when a nucleotide
sequence file is selected. When a new data file is loaded, or an analysis produces a new
data set, not only is it added to the Project area (1), but an appropriate viewer in the
Visualization area (2) is automatically selected.

3.2 Online Help

Figure 3-2 shows the Online Help interface. Online Help is found as a menu item under
Help on the top menu bar. Online Help is provided for all geWorkbench modules which
have been included in a formal release. They focus on the actual use of particular
controls within a given module, e.g. button actions, definition of parameters etc.
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Figure 3-2 Online Help

3.3 Working with Data Files
3.3.1 Workspaces — A brief overview

The top level of organization of data in geWorkbench is the Workspace. A Workspace
can contain any number of Projects, which are used to organize data and results.

geWorkbench organizes data files using a workspace/project paradigm. A project is
analogous to a “virtual” folder, as it allows individual data sets to be grouped together
without modifying their physical storage locations. Once a project’s data sets have been
defined, it is possible to open, save, or close all data sets in that project with a single
action.

A typical use of the project facility is to associate multiple data sets from the same
experiment with one another in a single project folder. In addition to loaded data files,
other types of data generated during the session—e.g., images, results from various steps
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analysis such as clustering, etc.—are also saved associated with their parent dataset in a
particular project.

Multiple projects can, in turn, be managed within a single workspace. A user can create a
project in a workspace, delete an existing project from a workspace, or rename a project.
The application supports handling an arbitrary number of projects in a single workspace.

In summary, a workspace may contain multiple projects, which may themselves contain a
variety of raw, filtered, normalized, or otherwise annotated microarray data sets.
Workspaces are saved as files with a .wsp extension. Projects can only be saved and/or
accessed as part of a workspace

In addition to the controls provided within each individual component, a main menu bar
appears at the top of the screen. The first menu option, File, is used to manage the
opening, creating, deleting, and saving of workspaces, projects, and files. Most of the
options included in the main menu bar are applicable to the Project and
Marker/Phenotype windows, and are described below.

3.4 The Project Folders component

The Project Folders component provides a centralized area for managing projects and
files in the current workspace. Operations on this window are controlled by the File and
Edit options in the main menu bar. Most of these menu options can also be accessed by
right clicking the mouse when it is located over an appropriate element in the Project or
Marker/Phenotype window.

The operations described here all manipulate the workspace, projects, files, and images
that are visible in the Project Folders component. Only a single workspace can be open at
one time, but multiple projects, files, and images can be managed within that workspace.
The Project Folders component uses a hierarchical treelike structure to manage these
elements, as shown by the example in Figure 3-3.

Project Folders

ﬁ Workspace
[Fl-{==F Project

------ . webmatrix2_quantile_logZ_devl.Z_mvd.exp

El----.,r ﬁ' clusker sequences

------ A Pattern Discovery

Figure 3-3 An Example Project Tree
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Used to capture a “working session,” the workspace is represented by a folder icon at the
very top of the file hierarchy into which all of the data generated during a user session
can be subsumed. Items contained in a workspace include projects, which may
themselves contain a variety of raw, filtered, normalized or otherwise annotated
microarray data sets.

Multiple projects can be accommodated under one workspace heading. Multiple data sets
and derivatives thereof can be grouped within a single project. It is important to note,
however, that some operations require data sets to be part of the same project, and in
some cases, in the same file. For instance, two microarrays cannot be viewed side by side
unless they have been merged into one file. Moreover, two data sets cannot be merged
into one file unless they are included in the same project.

illustrates the expanded options for the first three operations under File, i.e., Open, Save,
and New. These operations can be selectively applied to open, save, or create
workspaces, projects, and files. (a) shows the submenus for opening a data file or a
workspace. Note in contrast in (b), only workspaces can be explicitly saved here. Files,
once open in a Project, are saved as part of their workspace. (c) illustrates creating a new
workspace or project.

Selecting the File->Open->File operation without having first defined a project in which to
open that file will generate a prompt advising the user to first select a project in the
Project window.

When the application starts, a blank workspace is created. A new project can be created
in the workspace by selecting File->New->Project from the drop-down menu (

The default option in the pop-up "Open File" dialog box is to open a local file, as
indicated by the pre-selected radio button at the bottom of the dialog box in Figure 3-4(a).
Selecting the appropriate file type from the pull-down list in the local file dialog box will
display all files of that type. Selecting a file from the list of those available and clicking
on the Open button or double-clicking will then close the file dialog box and add that file
to the current project. A small set of example datasets are available with the download
package, in the Sample Data directory, and additional examples are available as part of
the Tutorial dataset at www.geworkbench.org.

Alternatively, to access remote data sets stored on a remote source such as NCI’s
caArray server, you must first select the Remote radio button at the bottom of the dialog
box, as shown in Figure 3-4(b). As seen there, the left-hand panel lists the files available
for selection, and a scrollable text window on the right displays information about the
currently selected experiment.
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To open a file, begin by right clicking on the selected experiment in the left panel.
Selecting a file from that list and pressing Open in the right panel will import that file to
the current project.

In summary, the File»Open command can be used to add files to a selected project and to
open workspaces. Files can be opened from a local disk, and in the case of microarray
gene expression data from a remote instance of caArray, and are always saved as part of a
project. Finally, opening or creating a new workspace will drop any unsaved work that
has been done in the current workspace, so be sure to save your work before performing
either of these actions.

[ Cpen File ﬁ1
Look In: |D ge'WE_data '| @I

3 cardiogenomics.med, harvard, edu

[C3 Hierarchical Clustering

[£] G5E7929_series_mnatrix.bxt

[£] G5ER597_series_matrix.bxt

E] linkage comparison, kxk

E] whelan-five-arrays-HE-1133pz2-RMAExpress, bxk

File Marme:; | |
Files of Type: |Ta|:u-DeIimiteu:| [RMAExpress, GECQ series matrix etcl 1lr|
| CpEn | | Cancel |

| ] Merge Files i Local File i1 Remake

(a)
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[ Cpen File &y

D cafRRAY experiments Expetiment Infarmation:

Murnber of Assays

| Showe arrays " CpEn " Cancel

| | Merge Files i Local File i Remaote
cafRRAY v||.| Filkering " Add A Mew Resource " Edit ” Delete

(b)

Figure 3-4 The Local (a) and Remote (b) Open File Dialog Boxes

3.4.1 Example of opening a local microarray data file

3.4.1.i Prerequisites

Certain aspects of the functionality of geWorkbench currently depends on microarray
annotation files. For example, such files are supplied by Affymetrix for their microarray
chips. Due to licensing restrictions, these Affymetrix files are not distributed with
geWorkbench as part of formal releases. The examples in this portion of the User
Manual do not depend on annotation information. If you nonetheless would like to work
with the full functionality of geWorkbench, the relevant file for the dataset used in this
manual can be downloaded from the Affymetrix.com support web site. The file name has
the form “HG_U95Av2.na29.annot.csv”’, where “29” is the version number.

3.4.1.ii Example

geWorkbench includes sample data files. In the example below we will open a set of
Affymetrix MASS format files. These files are part of the geWorkbench tutorial data set
(see http://wiki.c2b2.columbia.edu/workbench/index.php/Download#Tutorial_data)
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Opening files in a new Project (see Figure 3-5)

1. Right-click on Workspace and select New Project.

2. Right-click on Project and select Open File(s).

3. By default, the file browser should open in the geWorkbench data
directory. Navigate instead to the directory to which you downloaded and
extracted the tutorial data files, and find the directory
“cardiogenomics.med.harvard.edu”. Select File of Type to be Affymetrix
MAS5/GCOS.

4. Inthe figure below, a set of MAS5 format files are selected.

5. Check the “Merge Files” checkbox so that all files will be merged into a
single dataset in geWorkbench.

| Open File Iﬁ
Loak In: |B cardingenamics.med, harvard. edu 1Ir| @
£3 disclaimer_files [£] IB-n_0106, kxt

[£] Cardiogenomics Citation bxt  |[=] JB-n_0821.kxt
[£] Cardiogenomics Disclaimer bxt =] JB-n_0915.Ext
[£] JB-cormp_0120.kxk [£] JB-n_1303.kxt
[£] IB-ccrmp 0218, kxk
[£] JB-cormp_D718.kxt
=] JB-comp_0811.kxk
[£] JB-cormp_1003kxk
[£] IB-ccmp_1109.kxk

File Mame: | crp_1109.kxt" "1B-n_0106, kxt" "1B-n_0821 kxt" "18-n_0915,kxt" "1B-n_1303, bxt" |
Files of Type: | AfFymetric MASS/GCOS files v
| CIpEn | | Cance| |

Merge Files i Local File i Remoke

[

tFigure 3-5 Opening a file in a project

6. A box with information about annotation files will appear. Click Continue.

7. Annotation files are not distributed with geWorkbench. Instructions for

obtaining current Affymetrix annotation files are available in the FAQ
section of the geWorkbench.org website. If you have obtained an
annotation file, navigate to the directory containing it (Figure 3-6). Select
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the desired annotation file and press the Open button. If you do not have
the file, just press Cancel and proceed without the annotation file.

[ é;: Pleaze select the annotation file ﬁ]
Look In: |D Annokation Files v| @

@ HGE-J133_Plus_Z.naz9,annok,csy
[£] HE-U1334,na29,annot.csy
[£] HE_U954v2, na2d, annok, sy

File Mame: |HG_LI‘BSP.VE.naEB.annDI:.-:sv |

Files of Type: | 5 files = |

Qpen || Cancel |

L &

Figure 3-6 Opening the annotation file

The opened data file is now shown within the Project Folders area at upper left in the
GUIL. Components relevant to acting on microarray data will now appeared in the
interface Figure 3-7.
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|Fi|e Edit  Wiew Commands Tools Help

—: Microarray Viewst \Tahular Microarray Yiewer \Scatter Flot \Sequence Retriever \
Project Folders Marker Annotations ‘l‘ Color Mosaic ‘\ Cellular Metwork Knowledge Base ‘l‘ Y

Expression Yalue Distribution

ﬁ Workspace
-2 Project

------ . Merged DataSet: JB-ccmp_0120.E

4] ]

. 4

Markers * &rrays/Phenotypes \‘

earch: Find Mext

.. 4
Dataset Annotation ', Dataset Histary *, Experiment Info ', Analysis Panel | Filtering * Mormalization Panel ',

LogZ Tranformation
(Quantile Mormalizer

Array/Phenotype Sets
Default

Normalization Actions

: __Normalize
]9, Selection [0]
Sawve Settings

| Delete Settings

Zase %(Control %\Test ﬁlgnore

Figure 3-7 geWorkbench GUI showing all microarray-related modules

3.4.2 Other file operations — Merging and renaming

The next two options in the File pull-down menu are Export and Merge Datasets. The
export option can be used to save the data in a data file or a selected image (see Section
3.1.1) in a new format. The Merge Datasets operation combines two or more microarray
data sets generated using the same platform to produce a single set (Chapter 3). Only
those data sets included in the same project and being of the same array type can be
merged.

Figure 3-8 shows the expanded drop-down menus associated with the next two file
operation. The File-»Remove option is used to remove images and files from a project,
and projects and marker panels from a workspace. In all cases, the user must first select
the object to be removed in the Project window before executing the operation.

It is possible to rename projects and data files from within the Project Folder component
by right-clicking on the desired element and using the shortcut pop-up menu. The drop-
down Edit->Rename menu in the main menu bar also provides this option.
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File  Edit “iew Commands Tools H

Cipen ¥ I Al

Save L
Mew L
Expart
Merge Datasets
Froject File= | Edit | Yiew Commands Tools  F
Exit File m Project
Irmage File

Figure 3-8 Removing and Renaming

The File->Remove option closes geWorkbench.

The last option in the File drop-down menu is the Image snapshot operation, which is
used to take snapshots in the View window and is described in Section 7.2.5 . For
convenience, all of the file operations are summarized in Table 3-2.

Table 3-1

Command Arguments Action
Opens a new workspace, or a file in the
current workspace. Clicking the “Merge

File>Open files, workspaces, Files” checkbox will combine the
selected microarray files into a single
dataset.

File>Save workspaces Saves the workspace

. . r new work I a new

File->New workspaces, projects, C cates a new workspace, or a ne
project in the current workspace.

File->Export images, files Saves an image or data set in a new

format.

Merges two or more microarray data sets

File->Merge Datasets | files . .
g to generate a single combined set.

Removes files and/or images from a

File>Remove j files, i . .
projects, 11les, images project, or projects from a workspace.
File>Exit E.Xlt geWorkbengh. A save workspace
dialog is shown first.
objects in the View Takes a snapshot of an object in the

File->Image snhapshot

window View window.

Table 3-2 Summary of File Operations in the Main Menu bar
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4 Querying caARRAY

This chapter describes how geWorkbench can query remote instances of a caARRAY
database. caARRAY currently uses a Java API which allows searching on a number of
common annotation data fields, such as species, array type and tissue type.

4.1 Searching caARRAY using MAGE annotations

caARRAY is a microarray gene expression repository developed by the NCICB which
supports storing and querying of annotated datasets. The annotations are consistent with
those defined in the MAGE (Microarray Gene Expression) model. It should be noted
that actual datasets may be only partially or sparsely annotated.

In the current implementation, geWorkbench can query against four types of annotations
supported by caARRAY:

e Tissue type
e Chip Platform (e.g. Affymetrix, Agilent etc.)
¢ Organism

® Principal Investigator

The following example illustrates constructing a query against c;ARRAY.
1. Create a new project.
2. Right-click on the Project entry and select Open File(s)

3. Click on the ‘“Remote” radio button (Figure 4-1). This will cause the
Open File popup to switch to the remote file interface
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i 1
Cpen File Iﬁ

D cafRRAY experiments Expetiment Infarmation:

-
Murnber of Assays
| Showe arrays " CpEn " Cancel
| | Merge Files i Local File i Remaote
cafRRAY v||-| Filkering " Add A Mew Resource " Edit ” Delete
.

Figure 4-1 The Open File interface

4. You can add a new caArray resource (Add A New Resource button), or
edit an existing one (Edit button), using the respective buttons. Either
results in a properties editor window appearing as shown in Figure 4-2.
Here we show the entry for the NCI public instance of caArray:

& =5

The Details Come From Local Users,

ShortMame: | cadRRAY|

Protocal; =

URL: |array.nci.nibgoy |F‘|:|rt: |8EIBIZI |

User Mame:

1

Passwiord;

| i, || Cancel |

[

Figure 4-2 Adding/Editing a caARRAY Service entry
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Once a source has been chosen, clicking on the red Go button will retrieve all available
experiments. If instead you wish to query for just specific types of experiments, you can
use the Filter button instead to construct a query.

5. Click on Filter (see above in Figure 4-1) to build a keyword search. The

query builder appears (Figure 4-3).

& Query the caARRAY Server.

(S5

Catagory

11 Field Selection

,|F‘Iease select one catagory -

- [ Walue

|(EX

o]

Search | Cancel

Figure 4-3 The caARRAY query interface

= >

6. Under Category, select Experiments (Figure 4-4). The available search
field types will be displayed. Here we will search on Organism.
Highlighting this field shows available organism types for all of the
experiments loaded into the database. Here we have selected human.
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&5 Query the caARRAY Server.

-Category

| Expetiments -

~Field Selection
Array Provider
Crganism

Principal Investigator

4]

L

~Walue

huran

Search

Zancel

Figure 4-4 Constructing a new caARRAY query

7. Click Search. (Figure 4-4). A progress bar may appear. (Figure 4-5).

r

& caARRAY

=

Loading the filtered experiments - elapsed time: 4 seconds.

Cancel

Figure 4-5 Progress Bar

8. Experiments matching the search term are returned (Figure 4-6). Select an
experiment and click Show Detail. This will display a list of the available

bioassays associated with the experiment.
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[ Open File [ﬁ]ﬂ

e

..... 5 '-.-'essie-_test.z_ Expetiment Information:

----- 1 AFFymetrix Experiment with CHP D
=} {25 test small data set B2

3 kest files

[T s21_Ui3spz

[ s3a_u1azpz
----- D SMP Profiling of Cancer Cell Line P&
----- D Rembrandt_GeneExpression
----- D TCaA Characterization af Tumar 5 =
----- D MicroRMNA Analysis of TCGA GEM 5
----- [ Transcript Profiling of Cancer Cell L Mumber of Assays
----- [ TCEA Analysis of Copy Mumber For 3
----- D Gene Expression Analysis of TCGAF—

. = - [} ' [ =i of -

b

| Show arrays || Cpen " Zancel

Tokal Experiments: 25

Merge Files i Local File i@ Remoke

cafRRAY v||-| Filkering " Add A Mew Resource " Edit || Delete

Figure 4-6 Retrieving the list of bioassays for an experiment

9. Select the desired bioassays for retrieval( Figure 4-6).

10. If you wish to merge the files into a single dataset during download, check
the Merge Files checkbox.

11. To retrieve the selected bioassays click Open. A dialog box will appear
asking which quantitation type to retrieve. Here we select the primary
signal derived from an Affymetrix CHP type datafile (Figure 4-7).

Selection Dialog Iﬁ

Please select the quantitation type to query:
CHPSignal -

_HPDwekeckion -
“HPDetectionPyvalle
_HPPairs

" lcHPPairsUsed
CHPSignal
“HP_hange g
_HP_hangePuwalue
_HPSignalLogF.atio -

Figure 4-7 Selecting the quantitation type

24



12. The returned bioassays are shown in the Project Folders component
(Figure 4-8).

Project Folders |’

ﬁ Warkspace
=-{== Praojeck

------ . kest small data set B1_3_merged

e
Markers ‘l,l.ﬁ.rrays,l'Phenntypes ‘-L

eatch: Find Mezxk
AFFx-Phek-M_at: AFFx-Phek-M_at -
BFF-Phet-5_at: AFFE-Phe-3_at E

AFFx-Thri-5_at: AFFX-Thre-5_at
AFFE-Thri-M_at: AFFX-Thex-M_at
AFF-Thri-3 at: AFFX-Thre-3 at

Figure 4-8 The merged dataset retrieved from caARRAY as displayed in the Project Folder

13. The merged dataset can be renamed if desired by right-clicking on it and
selecting Rename.

14. Did you forget to check the Merge checkbox before download? You can
merge the files after download by selecting menu item File -> Merge
Datasets.
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5 Component Configuration Manager

5.1 Overview

geWorkbench supports the dynamic loading and unloading of individual components for
analysis and visualization. The Component Configuartion Manager (CCM) lists each
available component, provides descriptive and license information, and controls loading
and unloading. The ability to customize the loaded components may be useful to those
who intend only to use particular types of analysis. It may in some cases also increase the
responsiveness of the application, as potentially fewer viewers may need to respond to
particular data events (new data set, marker set activation etc.).

As shipped, the CCM may appear as in the figure below, with only basic components
configured. Individual components can be added by clicking on their check boxes.

ﬁw geWorkbench - Component Configuration Manager SHAEEL X
Display: Show by bype: Keyword search:
[ onjoFf Mame | Wersion | Authar | Author LIRL | Tool URL

O Affy Detection Call Filker 1.0 262 u -

Alignment Resulks 1.0 2Bz BA B [

analysis Panel 1.0 2Bz ] ]

Anova Analysis 1.0 MEY {TIGR) B ]

ARACHE Analysis 1.0 Andrea Califano, Ph.D. B ]

Arrays/Phenotypes 1.0 262 u u

[]  cabrrayz 1.0 B2 B B

[]  CELImageYiewer 1.0 CzB2 ] ]

[]  Celular Network 1.0 262 [ ]

Color Mosaic 1.0 262 ] ]

Cytoscape_W2_d 1.0 CZR2 Bl ]

Dendrogram 1.0 MEY {TIGR) ] ]

Deviation Filker 1.0 C2B2 B B

[]  Expression Profiles 1.0 C2B2 ] ]

O Expression Threshold Filker 1.0 IR ] ]

O Expression Yalue Distribution 1.0 IR ] ]

Filtering 1.0 C2BZ ] ]

O Genepix Filker 1.0 2Bz ] ]

O Genepix Flag Filker 1.0 7Bz ] ]

Genspace 1.0 C2B2 B ]

Hierarchical Clustering 1.0 MEY (TIGR) B ]

| HousekKeeping Genes Mormalizer 1.0 262 u u

Image Yiewsr 1.0 B2 ] ]

Imol 1.0 C2B2 B B [+
The Alignment Results component parses and displays the results of sequence similarity searches which were run on the MCBI BLAST
service, Sequence hits can be returned ko the Project for Further analysis,

Wigw License | | Vigw Docurmentation | | Wigw External Site apply | | Reset | | Close

As each component is added, additional components may also be required, e.g. adding an
analysis may require a particular viewer. These dependencies are all handled in the CCM.
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An example is shown in the following figure, where adding the ARACNe component
also requires adding the Cytoscape component.

i

%} geWorkbench - Component Configuration Manager

0 4

Analysis Panel

Anova Analysis

ARACKE Analysis
arrays/Phenatypes
Cafrrays

Cancer GEMS
CELImageviewer

Cellular MetWork

Color Mosaic
Cykoscape W2 4
Dendrogram

Deviation Filker

Evidence Integration Analys
Evidence Integration Viewer
Expression Profiles

Display: |4l - Shiow by bype: |F'.II - Kesywar:
[ ] onjoff Marme | Wersion | Aukhor
affy Detection Call Filker 1.0 _ZRZ
Alignment Resulks 10 (e =)

:%; Plugin upload dialog

)

(ARACHE Analysis):

* Cytoscape_MZ_4 (required)

The Faollowing is a lisk of plugins known to be
compatible with the plugin you have chosen ko load

If wou choose the "Continue" button below, those
plugins marked as "required” will be aukomatically
selected in your Component Configuration Manager
windaw and will be uploaded in the application along
with the plugin you selecked,

Conkinue

Zancel

Applicable ko Affymetrix data only, Sets
Absent, Marainall as missing,

AT T O T IS TS e TS O TS TS TS S Ty ST =TIy

If a component requires agreeing to a license, the license will also be displayed at this
time, with the option to accept or reject it.

5.2 Individual controls

e Display : All, Only Loaded, Only Unloaded - selects which components to
display.
e Show by type: All, Parsers, Analysis plugins, Visualizers - filters displayed
components by their category of action.

¢ Name: Component name

e Version: Component version
e Author: Component author or source of primary calculation code.
e Author URL: some components have a URL to the author's website configured.
e Tool URL: some components have a URL to their own website configured.
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e View license - If a license is required for a component, it can be displayed by
highlighting the component in the list and pressing this button.

¢ View documentation - Provided for displaying extra documentation about the
component if available.

e View external site - same as the Tool URL link.

e Apply - if any changes have been made to the check-boxes indicating which
components are to be loaded, pushing "Apply" causes the changes to actually be
be made.

e Reset - If changes have been made but "Apply" has not been pushed, set all
checkboxes back to their previous state.

¢ Close - Close the CCM window.

On/Off — removed in ggeWorkbench 1.8.0.

29



6 Analysis Component Framework

6.1 Overview

Most analysis routines are located in the command area in the lower right quadrant of
geWorkbench. There they share a common framework and a common method for saving
parameter settings.

6.2 Layout of the analysis framework

F 4

Dataset Annotation ', Dataset History | Experiment Info * Analysis Panel \,IFiItering | Normalization Fanel ',

SOM Analysis

SV Analysis 3.0 Saved settings list
b Test Analysis

Parameters ‘l,IServices "l.

SOM Anahysic Parameters Analysis Actions
Murnber of Rows |3 | Mumber of Calurnns |3 | | Analyze |
Radius |3 | Iterations | 4,000 | | CETe |
Learning Rate (Alpha) 0.3 Furckion |Bul:u|:ule v|

(] &l srrays  [] &l Markers |

Figure 6-1 - The analysis framework (using as an example SOM)

6.2.1 Lists

At upper left of the framework is a list of available analysis routines (as loaded using the
Component Configuration Manager). At upper right is a list (labeled "Saved settings
list") which can store named sets of customized parameter settings for each different
analysis.

6.2.2 Analysis Actions

At right are three buttons shared by all analysis components:

6.2.2.i Analyze

Launches the currently selected analysis with the specified parameters.
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6.2.2.ii Save Settings

Save the current parameter settings to a named set in the settings list.

6.2.2.iii Delete Settings
Delete the currently highlighted settings entry from the list.
6.2.3 Analysis Parameters

The parameters and settings for the currently selected analysis component are located in
the lower-left portion of the framework.

6.3 Creating saved parameter sets

The current parameter settings can be saved by pushing the Save Settings button. A
dialog will appear asking for a name for the new set of saved parameters.

[ Input ﬁ

Mew Parameker Setting Marme

|New Parameter Setting Mame |

| (04 | | Cancel |

Figure 6-2 - Naming a new parameter set.

In this figure, the default settings have been saved to a set called "Default Settings".

Diataset Annotation ', Dataset History ', Experiment Info * Analysis Panel \Filtering ', Normalization Panel ',

SO Analysis n Defaulk Setkings
WM Analysis 3.0

b Test dnalysis

Pararnekers EServices "L

SOM Analysis Parameters Analysis Actions
Mumber of Rows |I3 | Murnber of Columns |3 | | Analyze |
Radius | 3 | Tterations | 4,000 | | e e |
Learning Rate (Alpha) 0.8 Function |Bu|:u|:||e v| | Delete Settings |

[] All arrays [ &l Markers

Figure 6-3 - A new parameter set.
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The next figure illustrates changing a couple of parameters and saving them to a new set
called "New Settings".

Dataset Annokation "\Dataset History \Experiment Info " Analysis Panel ‘I,IFiItering "n,INDrmaIizatiu:un Panel ‘I'l.

SOM Analysis | = [hew Settings
SWM Analysis 3.0 | |Defaulk Settings
L Test Analysis

Parameters ‘l,IServices "l.

SOM Analysis Parameters Analysis Actions
Murnber of Rows |4 | Mumber of Columns |3 | | Analyze ‘
Radius | | Iterations | 4,000 | | Sayeiserina: |
Learning Fate (Alpha) 0.8 Funckion |Gaussian v| | Delete Settings ‘

Figure 6-4 - A second parameter set added.

6.4 Interplay of parameters and list

The analysis parameters can be restored to their saved values by selecting the desired
item on the list.

For most analysis components, when the parameters shown in the graphical interface are
made to exactly match those stored in a list entry, that entry will be selected
(highlighted). If any change is made so that the parameters no longer match a stored
entry, then no entry will be highlighted.
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7 Microarray Data Analysis

geWorkbench provides a comprehensive and extensible suite of open-source desktop
software tools that can be applied to the analysis, visualization, and annotation of
microarray data. In addition to the analysis and visualization tools routinely found in
microarray software tools today, geWorkbench provides an enhanced environment via its
integration with the Cancer Bioinformatics Infrastructure Objects (caBIO) ' This
integration provides geWorkbench users with access to publicly available microarray data
on a remote NCI server; to the CGAP web site’s gene annotation pages, and to the
pathway visualization diagrams generated by BioCarta. This last capability allows users
to view the observed microarray data in the context of metabolic and signal transduction
pathways.

The workbench is intended to support a variety of the input formats in which microarray
data are found; its open-ended design supports the extension of the software to accept
additional formats as needed. The present version of geWorkbench supports Affymetrix
(.txt, MAS 4.0/5.0), Expression Matrix (.exp) and GenePix (.gpr) files. A simple plug-in
framework allows users to further define and use any input format they wish. Similarly,
this plug-in framework supports the addition of any number of user-defined filters,
normalizers, and analysis algorithms.

This chapter provides an overview of a rather complex software suite, and assumes that
the user has some experience with microarray data analysis. The discussion which
follows outlines procedures for loading data files, for using visualizations, and for
annotating data.

7.1 Set Selection (the Markers/Arrays/Phenotypes) components
7.1.1 Marker Sets

The term marker is used generically to represent several different things in
geWorkbench. When working with microarrays, the term marker refers to a gene probe
(in other cases, it can be individual items from other data sets, such as sequences). The
definition of what constitutes a gene probe in turn depends on the type of microarray
platform. On Affymetrix platforms, gene probes are oligonucleotides synthesized on the
microarray chip in situ. On other platforms (e.g. GenePix), gene probes are
oligonucleotides or cloned DNA fragments deposited and immobilized on the substrate
by various techniques.

As soon as a specific microarray is selected in a project folder, the entire complement of
markers on that array is displayed in the Selection area under the Markers tab. For
example, in

" The NCICB Technical Guide provides a detailed description of the caBIO project and its application
programming interface (API).
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|File Edit  Wiew Commands Tools Help

—: Microarray Viewsr \Tabular Microarray Viewsr \ Scatter Plot \Sequence Retriever \
Praject Falders Marker Annotations \ Color Mosaic \ Cellular Network Knowledge Base \ Expression Yalue Distribution "\

ﬁ Workspace
[=-{= Project
------ . Merged DataSet: JB-ccmp_0120.k

q

= =
i

S 4

. e - e =
MarkerS\Arrays,fPhenotypes\ Array

Search: Find Mext
34225 _at: (WwHSCZ) Wolf-Hirschhorn s, ., [
34226 _at: (MAP4KS) mitogen-activate... | |
34227 _i_at: (PRG4) proteoglycan 4 : - .
34228 _r_at: (PRG4) proteoglycan 4 Hierarchical Clustering
34229 s_at: (SLCISAZ) solute cartier ., T Test Analysis

34230_r _at: {SLC35A2) solute carrier ...
34231 _at: (MYST2) MYST histone acet. ..

Anowva analysis

Parameters \‘.

34232 _at: (MKTR) natural killer-tumor r... P-Value Parameters \F\Ipha Carrections "\Degree of freedom \

342335 _0_at: (NKTR) natural killer-tumor ...

34234 _F_at: (MKTR) natural kiler-tuma. .. [+ | p-Values based on Cwerall alpha (critig

Marker Sets @) t-distribution 1E-02
|b[:,FaU|t v” Mew ) permutation: @ Randomly group experiments  (# times)

) Use all permutations

------ [7] Selection [0]
[] Data is logz-transformed

Load Set " Load By Symbals I [C] All Markers ‘

Figure 7-1, the user has just created a new project and loaded a set of files which were
merged into a single dataset. .
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|File Edit  Wiew Commands Tools Help

—1
Project Folders r

ﬁ Workspace
= B Project
------ [l Merged Dataset: JB-comp_0120.t

[»]

S 4

Micraarray Yiewer \Tabular Microarray Yiewer \ Scatker Plok \Sequence Retriever \
Marker Annotations \ Color Mosaic \

Cellular Metwork Knowledge Base \ Expression Walue Distribution "\

Markers \Arrays,l’Phenotypes \

Search: Find Mext

34225 _at: (WwHSCZ) Wolf-Hirschhorn s, ., [
34226 _at: (MAP4KS) mitogen-activate... | |
34227 _i_at: (PRG4) proteoglycan 4
34225 _r_at: (PREH) proteoglycan 4
34229 _s_at: (5LC35A2) solute carrier F.. [
34230_r _at: {SLC35A2) solute carrier ...

[ AllArrays [ Al Markers | [ 3B-ccmp_01: comp_| ot: | - - + Intensity + Array h

S 4

Dataset Annotation ' Dataset History | Experiment Infin * Analysis Panel \Filtering | Normalization Panel

Anowva analysis
Hierarchical Clustering
T Test Analysis

Parameters \‘.

34231 _at: (MYST2) MYST histone acet. ..
34232 _at: (MKTR) natural kiler-tumar r...
342335 _0_at: (NKTR) natural killer-tumor ...
34234 _F_at: (MKTR) natural kiler-tuma. .. [+ |

P-Walue Parameters \.C\Ipha Corrections "\Degree of freedom \

p-Values based on Cwerall alpha (critig

IMarker Sets @ t-distribution @
il v” b () permutation: @ Randomly graup experiments  (# times)
IED Selaction [0] i) Use all permukations
[] Data is logz-transformed
4
Load Set " Load By Symbals | [C] All Markers

Figure 7-1 geWorkbench Display Immediately After Loading a Data File

A marker set is a user-defined grouping of several markers, e.g. gene probes. Typically,
these sets probe for genes of specific interest, of importance for certain disease or
developmental states, or for characteristic changes in gene expression that may be
hallmarks of a tumor in a particular tissue.

A master list of all gene probes in the currently selected data set is displayed under the
Markers tab, and a color-coded image of the corresponding gene expression
measurements is shown in the View window’s Microarray Viewer. Individual or groups of
gene probes can be selected from this master list and added to smaller marker sets for
use in a specific study. The sets are managed in the smaller window immediately below
the master list. A marker set can be saved by right-clicking on it and selecting Save.
Clicking on the Load Set button loads saved sets.

Any number of sets can be created, and they can be grouped as desired. A new group can
be created using the New button in the Sets area below the master list. A new set can be
created manually by selecting markers in the master list and right-clicking, then selecting
Add to Set from the pop-up menu. A prompt will appear, for the set name. More
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commonly, new sets of markers will be returned from an analysis step, for example from

hierarchical clustering or a t-test.  Figure 7-2 shows

a

set called

“cluster

tree_84_markers” containing a set of 84 gene probes., and a second set containing 12

probes.,.
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7.1.2 Set Activation and Manipulation

Figure 7-2 - Two different marker sets in the default group.

A gene set, once created, can be activated. This notifies other components that this
subset of data is available for analysis or visualization as a distinct entity. Any number of
sets can be in the activated state at one time. A set is activated simply by checking the
box before its name, or from a right-click menu or from the top menu bar Commands

As described in the next section, most visualization tools, including in the Microarray
Viewer provide All Arrays and All Markers checkboxes. By default neither is checked. In
this state, if no sets are activated, then all Markers/Arrays are considered active
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implicitly. If any set has been activated, then only that set will be used, unless the
respective “All” button is checked..

A set’s Activate option can be used to activate all of the markers or arrays in that set.
Similarly, the Deactivate option will deactivate all markers or arrays in the set.

As mentioned in the previous section, it is also possible to save and load panel sets
independent of the workspace where they were created. While it does not make sense to
load a panel set generated from a data set that is not currently loaded, this facility can be
useful when several saved workspaces share common data. The Load Set option allows
users to load panel sets defined outside the current workspace. The user has the option of
assigning meaningful names to the sets, using the Rename operation.

Finally, individual marker or array sets can also be explicitly renamed, activated,
deactivated and deleted from the group. All of the elements listed in the
Marker/Phenotype windows have pop-up menus associated with them.

7.1.3 Array/Phenotype Sets

geWorkbench uses the term phenotype to refer to any user-defined grouping of
microarrays. These microarrays will often share some common property that in most
cases is phenotypic, although this is not a requirement. For example, one such
“phenotype” might represent a disease state such as tumor tissue samples, with a second
“phenotype” defined as a collection of experiments performed on normal tissue samples.

Like the Markers component, the Arrays/Phenotypes component has two portions: the
top portion lists the arrays included in the selected data set, and the bottom portion (titled
“Array/Phenotype Sets”) lists any user-defined array groupings and sets.

For data sets involving a single array, only that array is present in the top portion. But in
the case of multiarray data sets, the display becomes more interesting: each experiment
that was included in the set is displayed as a potentially separate phenotype.

Analogous to the procedures for selecting markers or gene probes into gene panels, arrays
are selected and grouped—according to the user’s preferences—into phenotype sets.
Each array in the top portion of the phenotype window has an associated pop-up menu
with options Add To Set and Clear Selection.

7.1.4 The Commands Menu

Many of the commands for manipulating marker and phenotype sets are also available
from the Commands menu option in the main menu bar, as shown in Figure 7-3.

Commands | Tools  Help

Delete Set

Project Fol Activate Set
Deactivate Sek
Rename Set
Add to Set

37



Figure 7-3 The Commands Menu

7.2 The View Window

The View window is in a sense the main work area as it provides all of the visualization
tools in geWorkbench. Folder tabs running across the top of the screen provide access to
these tools, a basic selection of which are summarized in Table 7-1 and described in more

detail below.

Table 7-1 Microarray Visualization Tools in the View Window

Visualization Tool

Description

caBIO Pathways

Color Mosaic

Dendrogram

Expression Value
Distribution

Expression Profiles

Image Viewer
Marker Annotations

Microarray Viewer

Scatter Plot

SOM Clusters

Tabular Microarray
Panel

Displays BioCarta pathway diagrams for selected genes.

A color mosaic representation of measurements, with each array in
one column and each probe in one row.

Displays tree-structured diagrams (dendrograms) reflecting the
results of hierarchical clustering analysis.

Display a graph of the distribution of expression values for a set of
markers from a particular hybridization.

Displays the expression of genes across several arrays/
hybridizations.

Displays snapshot images taken from whole screen views.

Allows users to retrieve and display CGAP annotations for genes
within a marker panel.

Displays expression measurements as spots over a red-green color
spectrum (absolute scale) or a red-blue spectrum (relative scale).

Allows the plotting of a single microarray chip or marker against
other chips or markers in the project. Useful for presenting a visual
picture of markers that have changed under different experimental
conditions.

Displays the results of self-organizing map cluster analysis.

Presents the numerical values of the expression measurements in a
table format; each row represents an individual probe and the
columns display the signal and background intensities and intensity
ratios

It is important to note that the viewing and analysis tools displayed depend on the type of
data currently selected in the Project Folders area.. In addition, the windows vary greatly
in information content and small displays can sometimes prohibit a complete view of data
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for the more complex windows. In order to maximize the display of information it is
often useful to detach the display window, by clicking on the arrow facing up and to the
right on the view panel. See the image below that shows a detached promoter window.
The arrow in the top right now points to the bottom right, indicating the window is
detached.
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Figure 7-4 A detached window.

Some of the visualization tools are only applicable to data sets involving more than one
array; others are enhanced by applying filters and/or normalizations to the data, and two
of the tools are only applicable to clustered data—the Dendrogram and SOM Clusters
tools. This section provides a quick tour of the general capabilities of those tools that can
be applied to unclustered data.

7.2.1 The Microarray Viewer

The Microarray Viewer is the default visualization tool in the View window, and is
displayed when the application is first started. As each new microarray data file is
opened, that data set becomes the currently selected one, and the data is displayed in the
Microarray Viewer. The image displays color-coded levels of gene expression, using the
absolute color scale these vary gradually from red (positive values) through black (zero)
to green (negative values). The interpretation of course depends on the specifics of the
data loaded. The density of the data points in this screen is determined by the number of
probes on the array. The Microarray Viewer has four controls at the bottom of the panel,
shown in Figure 7-5.
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Figure 7-5 Graphical Controls in the Microarray Panel

The two checkboxes to the left, All Arrays and All Markers, determine which data points
are included in the display. If neither is checked, then the entire data set is shown. The All
Arrays control is useful when working with data sets comprising multiple arrays. In this
case, only those arrays that are included in a currently activated phenotype set will be
displayed (see previous section). Similarly, de-selecting the All Markers checkbox can be
used to view only those probes that are currently included in an activated marker set.

The scrollbar to the right of the two checkboxes is active only when a multi-array data set
is being viewed. In this case the individual microarrays are displayed from left to right,
and the scroll bar can be used to jump from one microarray to the next. The entry point to
each of the individual chip displays is indicated by a tick mark on the scrollbar.

Right-clicking on the panel will provide the following menu items:
1. Show Marker: highlights a particular marker in the display for reference purposes.
2. Remove Marker: unselects markers selected by Show Marker.

3. Image Snapshot: save an image under the dataset node in the Project Tree.
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Figure 7-6 Display of a single filtered Affymetrix array with about 3,000 features in the Microarray
viewer, using the relative display preference.

The Microarray Viewer provides an overview of the chip(s) under investigation and can
be used for ascertaining the quality of the data—i.e., the uniformity of the hybridizations,
the compatibility of intensities between chips, and so forth. Each feature on the chip can
be accessed with a small cursor box and highlighted. Left-clicking the mouse will then
highlight the corresponding probe in the master list contained in the Gene Panel window.
This association between the Microarray Viewer and the Markers component facilitates
the selection of individual probes for inclusion on explicit marker sets, as the user can
then right click the selected probe and simply select Add to Set.

Only those gene sets that are currently activated will be displayed when the All Markers
checkbox is unchecked. Any number of smaller predefined marker sets can be activated
and displayed in this zoomed view.

Phenotype sets are used to create experiment groups. For instance, in a multi-array data
set containing arrays from both normal and tumor tissue, these samples can be divided
into appropriate sets, which can then be used for example in setting up statistical tests.
Like their marker set counterparts, phenotype sets can be selectively activated and
displayed using the controls described above.
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7.2.2 The Expression Profiles Tool

The Expression Profile view makes it possible to visualize changes in the gene
expression levels across different hybridizations. This is useful especially in the analysis
of time course or dose response experiments. Since the tool generates a graphical
representation of relative expression levels across two or more arrays, the Expression
Profile view can only be applied to datasets containing multiple arrays.

After loading, , merging and normalizing the desired data sets, the user may also wish
to apply marker and phenotype panels in order to zoom in on the expression behavior of a
subset of genes and/or hybridizations.

Figure 7-7 shows a sample expression profile,” A set of 84 genes showing similar
expression was returned following hierarchical clustering analysis and activated.

caB10 Pathways | Tabular Microarray Viewer | Sequence Retriever | Synteny ', Microarray Viewer ' Network Browser ', Interactions | Aracne ',
Marker Annotations ‘lL Color Mosaic * Expression Profiles \ Expression Yalug Distribution ‘lL Gene Ontology ‘lL Reverse Engineering \ll Scatter Plot \ll

o g 10 15 20 25 20 35 40 45 50 55 &0 85 0 75 0 85 =lu} a5 100

Experiment
[ &ll &rrays [] &l Markers | Plat | Markers: 84

Figure 7-7 An Expression Profile Using Phenotype and Marker Panels

7.2.3 The Color Mosaic View

When a multiple array data set is viewed in the Color Mosaic view, the gene expression
levels across all of the microarrays are displayed as a color coded image, where each
column in the image corresponds to one of the microarrays, and each row corresponds to
a particular gene probe.
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Figure 7-8 shows a color mosaic generated for a single microarray data file (the mosaic
is displayed only when the “Display” button is activated).. The graphical controls
provided in the Color Mosaic window can be seen in

Figure 7-8 and in Figure 7-9, and include the following checkboxes and buttons:

Table 7-2

Button/ Checkbox  Description

Display Display selected data.

All Arrays Will display all arrays even if array sets are activated.

All Markers Will display all markers (probes) even if marker sets are activated.
Abs (not used)

Accession Displays accession Numbers

Ratio (not used)

Label Displays gene names

Pat (not used)

A mouse over tool tip controls for changing the height and width of the displayed genes,
and a slider for modifying the intensity of the color codings.
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Figure 7-8 - A Color Mosaic View of a Single Data Set
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The height and width controls increase or decrease the dimensions of the tiles as well as
the associated labels when these are displayed. The slider increases or decreases the
thresholds used to define the color codings. Clicking on a tile in the mosaic will highlight
the corresponding gene probe in the Marker Panel window, where it can be picked and
added to a marker panel if desired.

% %| Pat || abs || Display | R.atio | Arcession || Label | [] &l arrays [ &l Markers

Figure 7-9 - Graphical controls for the Color Mosaic View

7.2.4 The Tabular View

Like the Color Mosaic, the Tabular View can be used to obtain a side-by-side
comparison of the observed intensities for each gene probe over multiple chips. The
display in this case however, shows the numerical values in a simple table format.

As with most of the other panels in the View window, checkboxes are provided for
displaying selected phenotype and marker sets.

Figure 7-10 shows a Tabular View generated for the webmatrix.exp data set included
with the distribution in the example data directory.

A x
Marker CB25-2 | CBSl1 | CBSl2 | (BU7L | (CB1193 N#-13 | MN414 | N47 N1 -
AFF%-MURIL..| 415 4.81 1.93 4,42 4.13 2.93 2.18 0.8 2|~
AFFY-MUIF. . 2.69 3.99 £.03 4.95 0.77 4.76 5.08 191 5[

AFF¥-BioE-. . 8.4 £.64 7.28 7.94 7.32 7.97 6.67 6.2

AFF¥-BioE-... 9.62 7.05 7.50 5.43 5.07 8.3 6.94 6.66 7.
AFF¥-BioE-. . B.64 5.39 4.64 7.47 6.65 7.91 6.55 5.67 5.
AFF¥-BioB-... 4.21 5.86 6.71 5.2 4.38 6.53 £.16 5.58 5.
AFF¥-BioDn... 7.5 6.6 5.01 7.98 7.1 6.5 5.48 £.35 4.
AFFX-Crefec.|  7.17 £.92 £.23 £.65 7.01 7.01 4.77 4.8 6.
AFFX-Cref-..|  6.81 7.42 6.53 7.48 5.07 7.04 6.25 6.27 3.
AFFX-hum_..|  12.06 10,87 0.9z 5.23 5.4 12.31 10,42 1111 10
AFF¥eLysi.|  4.28 4.44 2.3 3.37 1.33 1.57 4.5 4.2 4.
AFFY-Lysten. |  2.47 2.93 3.4 2.92 5.0 4.62 3.61 4.53 2.
AFFR-Lysio.|  4.01 3.02 4.13 1.48 3.40 -0.02 0.05 3.5 2.
BFFX-Thes-.. |  1.62 4.4 2.4 177 4.22 3.67 3.67 5.35 4,
AFFX-TIpnK...|  3.47 5.3 5.52 3.15 3.86 5.21 4.5 4.5 3.
AFF%-Tipfe.|  3.55 2.05 1.78 0.09 -0.27 1.92 3.1 4.87 2] |
J:FFX-Hl il 4,59 45 Lt fuLfl 3 9.59 A 4 | 'R|L
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Figure 7-10 The Tabular View

Note — values filtered out by applying one of the masks described in Section 7.3 will be
highlighted in yellow.
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7.2.5 The Image Viewer

Several of the visualization tools provide a means of capturing a snapshot of a selected
region of the display. For example, right clicking on any point in theMicroarray Viewer
or the Dendrogram component will cause a pop-up text control to appear, with one of
the options being Image Snapshot. Left-clicking on this control will create a snapshot of
whatever is currently visible in the display view, and store that image under the
associated data file in the Project Folders component.

Figure 7-11 shows a snapshot captured from the Microarray Viewer. The snapshot is
stored in the Project Folders under the dataset from which it originated. An image can
be saved in BITMAP, TIFF, JPEG, or PNG format by selecting the image in the Project
window, and selecting the Export option from the drop-down file menu.- Note that when
the image file is selected, the only viewer type available is the Image Viewer — no tabs
are present.

Project Folders
ﬁ Workspace
=1-{z Project
E|. wehmatrix2_quantile_log2_dewl.(
Microarray Image: CE2E-2

Figure 7-11 The Image Viewer

The steps used to capture an image and to view and save the stored snapshot are:

1. In the Project window, select the data set for which you would like to capture an
image.

2. In the View window, select a visualization tool.
Right click on any point in the tool’s display and left click on Image Snapshot.

4. In the Project window, expand the associated data set (if is not already open) by
clicking on the +-like icon to the left of the data set.

5. Click on the stored image to bring it up in the Image Viewer.
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6. Select the image in the Project window, and use the Export option from the file
menu to save it in BITMAP, TIFF, JPEG, or PNG format.

7.2.6 Scatter Plot

The scatter plot feature of geWorkbench is useful for a visual comparison of up to 6 pairs
of markers or arrays. The user selects an initial marker or array which is plotted on the x-
axis of the Scatter plot graph and highlighted in black on the arrays/phenotype or marker
selection panel. The user can then select a second marker or array which is plotted on the
y-axis and highlighted in grey on the arrays/phenotype or marker selection panel. If
markers are selected as the axes, then each point represents an array. If arrays are chosen
for the axes, then each point represents a marker. Additional markers or arrays that are
selected are also highlighted in grey, and are used as the y-axis for additional graphs. A
light blue color is shown in the panel when a marker or array is deselected from the list.
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Figure 7-12 Scatter Plot

The picture above shows the ScatterPlot in geWorkbench. In general one would use
either the Array or Marker tab in this component along with the search functionality in
order to find the desired marker or arrays to be plotted. Then it is simply a matter of
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picking the x-axis marker or array, and then selecting the desired marker or array for the
y-axis to plot it against. As usual, the the “All Markers” or “All Arrays” checkboxes can
be used to override any activated sets of Markers or Arrays..

The checkbox for “Rank Statistics Plot” transform the data from being plotted by
expression value to being plotted by their rank. The “Clear Charts” button removes all
charts, the “Print” button allows for printing, and the “ImageSnapshot” button takes a
snapshot of the Scatterplot. The “Reference Line” checkbox simply adds or removes the
reference line from the Scatterplot.

7.2.7 Expression Value Distribution

The expression value distribution component plots the expression values of microarray
markers for the selected hybridized array or arrays. Both can be specified in the selection
panel in the markers and arrays/phenotypes tabs respectively and should immediately be
plotted on the graph. The expression value distribution is useful for determining the
difference in expression levels between sets of markers under difference conditions, a T-
Test can be used to detect markers with significantly different expression. The controls
for the expression value distribution are shown below.
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Figure 7-13 Expression Value Distribution

Controls:
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Bin size and Total Bins: Each expression range on the EVD corresponds to a “bin”. The
size of each bin and total bans are displayed at the upper left corner of the component.
The number of total bins equals (m — M)/ number of bin size.

S Tooltip: When a user scrolls over a plot, the enabled tool tip displays the name of
the array. The tooltip display can be disabled by selecting the tooltip icon. The disabled
tooltip icon appears grayed out.

Change the base array: The slider can be used to navigate through the microarrays in
the selected dataset. As the user moves the slider to the next tick which represents a
microarray, the grid is updated with positions representing the marker values in the
Microarray being displayed. The base array always labels with the red color.

All Markers and All Arrays Checkbox: These checkboxes override any activated sets
of Markers or Arrays, causing all to display.

One Color per Array: The EVD lines and plots appear color-coded, based on the color
preferences of the arrays panel. All the arrays in a set are shown with the same color. The
user can modify the color display to reflect a unique color per array by selected the
checkbox One Color per Array.

Legend: A legend appears at the bottom of the plot indicating which color and shape
corresponds to which panel. Modification of image display preferences are described in
details in Preferences. The base array always lists as the first one.

Image Snapshot: Clicking on this button creates image snapshots that are saved in the
project.

Zoom: Zooming in can be done by left or right- clicking and dragging down and to the
right over a region of the image. Zooming out is done similarly but dragging up and to
the left..

T-Test: This button computes a t-test statistic for each marker and updates the graph title
from EVD to T-Test and disables the base array slider. Case and control panels must be
created and classified (see Marker Sets section for additional information).

Print: Prints the displayed EVD. The print dialog pop up is displayed to support printer
selection.

Selected Values from/to: The starting/ending X axis locations that allow markers to be

selected graphically and filtered. The number of current selected genes is displayed next
to the Total bins. “Add to Set” button adds the selected genes to the Markers component.
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The Analysis/Annotation Window

The tab-indexed tools in this last component area include facilities for filtering,
normalizing and analyzing data, along with components for viewing the history of
operations that have been performed on a data set and general experiment and annotation
information. All of the filtering, normalization, and analysis tools include a Save Settings
option, which saves the parameters used in the analysis or processing step with the
workspace.

Filters are used to remove data points when some data quality or signal criteria are not
met. As a result of applying a filter, the status call of a questionable data point may be
reset to "missing," or alternatively, the data point may be eliminated altogether from the
data set. In the later case, all measurements for that marker (across all chips in the data
set being filtered) will be eliminated. In contrast, normalizers do not change the status or
remove individual markers, but re-scale the observed intensities, usually in preparation
for some type of analysis. Filtering or normalizing is done directly on a dataset in
geWorkbench, and does not create a new copy of the data. Copies of data in a particular
state can be created manually by saving a dataset to a file.

7.3 Filtering Operations

The Filtering Panel contains several filters that allow the software to set certain values to
missing. For instance, the Affy detection call filter allows the user to filter out undesirable
values on the basis of the Affymetrix calls (“present,” “absent” or “missing”).

Figure 7-14 shows the result of applying this filter to remove from analysis all markers
with a call of “absent”. In the Microarray Viewer display of the filtered data, all of the
missing data points now appear as yellow squares in the heat map. Table 7-3 summarizes
the filters that are available from a pull-down list in the Filtering component. Please note
that all filtering and normalization functions change the original dataset and do not keep
it intact.
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Figure 7-14 Microarray Viewer showing data before (A) and after (B) filtering.

Table 7-3 The Filtering Panel Toolset

Filter Description

Missing values Discards all markers that have “missing” measurements in at least
n microarrays, where n is defined by the user. Another filter must
first be applied however, in order to generate the missing values
upon which this filter can operate.

Deviation Sets as missing all markers whose measurements deviate below a
given value across all microarrays.

Expression threshold Sets as missing all markers whose measurements are inside (or
outside) a user-defined range.

Affy detection call Applicable to Affymetrix data only. Sets all measurements whose
detection status is any user-defined combination of A, P or M as

50



missing (Absent, Present, Marginal).

2-channel threshold  Applicable to 2-channel arrays (Genepix) data only. Defines
applicable ranges for each channel, and sets all values for which
either channel intensity is inside (or outside) the defined range as
missing.

Genepix Flags Removes values flagged in Genepix file

7.3.1 Normalization Tools

Before comparing multiple microarrays, the user must first ensure that the observed
values therein have been made “comparable” through a process of normalization. The
normalization panel offers the user several gene-centric or array (tissue)-centric methods
that are summarized in Table 7-4.

Table 7-4 The Normalization Panel Toolset

Normalization Tool

Missing value calculation

Log2 Transformation

Threshold Normalizer

Marker-based centering

Array-based centering

Mean-variance normalizer

Housekeeping Genes
Normalizer

Description

Replaces every missing value with either the mean value of
that marker across all microarrays or with the mean
measurement of all markers in the microarray where the
missing value is observed.

Applies a log2 transformation to all measurements in a
microarray.

All data points whose value is less than (or greater than) a
user-specified minimum (maximum) value are raised
(reduced) to that minimum (maximum) value

Subtracts the mean (median) measurement of a marker
profile from every measurement in the profile

Subtracts the mean (median) measurement of a microarray
from every measurement in that microarray.

For every marker profile, the mean measurement of the
entire profile is subtracted from each measurement in the
profile and the resulting value is divided by the standard
deviation.

Uses a set of house-keeping genes to normalize expression
of all genes on all arrays such that the averaged expression
value of house-keeping genes is constant across all
microarrays.
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Normalization Tool Description

Quantile Normalization Assumes distribution of probe intensities is nearly the same
in all samples and calculates the quantile of each value and
normalizes it against a reference chip.

7.3.2 Dataset History

geWorkbench provides a convenient system for electronic tracking of all actions. As
noted, each time a new file or image is generated, that file appears in the Project Tree
Window as a new node occurring beneath the data set from which it was derived. In
addition, the Dataset History window displays a list of all of the operations that were
performed on both the currently selected data set as well as on all of its “parent” data sets
in the Project Tree. Figure 7-15 shows the history window for a data normalization
workflow.

Analysis 1I|,IIZ:laI:asn3I: Annokation ‘I'l. Filtering " Dataset History "I,I Experiment Info \Synteny Parameters ‘I'l. Mormalization "n,l
A X

Filtered with Deviation Filter
Filtered with Missing values Filker

Figure 7-15 The Dataset History Window

7.4 The Analysis Tools

The Analysis area (Figure 7-16) contains access to a number of clustering and statistical
analysis tools.. Analysis parameters can be saved to the file system. Analysis results are
displayed in the separate viewing region of the application, and datasets are placed in the
Project Folders area beneath their parent dataset.. Some of the algorithm implementations
are adapted from TIGR’s MEV? software.
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Figure 7-16 The analysis component.

7.4.1 Hierarchical Clustering:

geWorkbench provides two clustering methods in the Analysis panel, Hierarchical
clustering and SOM (Self-Organizing Maps). Hierarchical clustering groups markers on
the basis of similarities in their expression profiles, and outputs a hierarchical tree that
can be viewed in the Dendrogram component (see Figure 7-17). Clustering can also be
done in the array dimension if desired.

The parameters used for this analysis method are Clustering Method, Clustering
Dimension and Clustering Metric. The clustering dimension determines whether
clustering should be done against the markers, arrays, or both. The remaining two
determine how the clustering is performed and are described further in the following:

The clustering methods provided are shown in Table 7-5:

Table 7-5 Hierarchical clustering methods

Hierarchical Tool Description
Single linkage The distances are measured between each member of one

cluster each member of the other cluster. The minimum of
these distances is considered the cluster-to-cluster distance.

Average linkage The average distance of each member of one cluster to each
member of the other cluster is used as a measure of cluster-
to-cluster distance.
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Hierarchical Tool Description

Total Linkage The distances are measured between each member of one
cluster each member of the other cluster. The maximum of
these distances is considered the cluster-to-cluster distance.

Distances metrics available for cluster computations are:
1. Euclidean
2. Pearson’s Correlation

3. Spearman Rank

The Dendrogram view is very flexible. The image can be scrolled. The cluster tree can be
saved as an image. The sizes of the grid in the mosaic representing genes can be altered.
The color intensities can be altered. A zoom feature allows subtrees to be selected,
viewed, and saved as Marker sets. Mouse-over information (expression value) can be
toggled with the light bulb button at lower right. Finally, image snapshots of the
dendrogram can be taken.

353 333871 eorLy ) az i

R T -aaasgaéﬂ5Eaﬂﬂﬁﬂﬁﬂagggggggggﬁiéggf:

35513 r @t

1

Enable Zoom Gene Height Gene Width 5 :H Intensity |
Figure 7-17 An example of viewing a subtree from Hierarchical Clustering in the Dendrogram
component.
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7.4.2 Self Organizing Map (SOM)

An implementation of SOM? is provided. The available parameters are:

Table 7-6 SOM parameters

SOM Tool

Rows

Columns

Radius

Iteration

Alpha

Functions

Description

The number of rows that the user desires in the resulting
SOM.

The number of columns that the user desires in the resulting
SOM .

When using the bubble neighborhood parameter this float
value is used to define the extent of the neighborhood. If an
SOM vector is within this distance from the winning node
(the cluster to which an element has been assigned) then that
node (and SOM vector) is considered to be in the
neighborhood and its SOM vector is adapted.

The number of times the dataset will be presented to the
Map. Each expression element will be presented this number
of times to train the nodes.

This value is used to scale the change of individual SOM
vectors when a new expression vector is associated with a
node.

The neighborhood options indicate the conventions
(formulas) used to update (adapt) an SOM vector once an
expression vector has been added into a node's
neighborhood.

Bubble: This option uses the provided radius (see above) to
determine which surrounding SOM nodes are in the
neighborhood and therefore are candidates for adaptation.
When this option is selected the Alpha parameter for scaling
the adaptation is used directly as provided from the user.

Gaussian: This option forces all SOM vectors in the network
to be adapted regardless of proximity to the winning node. In
this case the Alpha parameter is scaled based on the distance
between the SOM vector to be adapted and the winning
node's SOM vector.

SOM analysis uses self-organizing neural nets to identify genes with similar expression
patterns, and maps expression profiles into the cells of user defined grids. The SOM
Clusters View (Figure 7-18) can then be used to explore the resulting maps. It contains
a grid of profile graphs depicting each cluster in the SOM results. The number of cells
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seen in the results grid equals the product of the number of rows and columns provided in
the analysis input. Clusters resulting with no entries are shown as empty profile graphs in
the plot. Each profile in a grid cell corresponds to the gene profile of the corresponding
gene in the input dataset. Each cluster can be viewed alone by selecting the Show
selected checkbox and selecting the appropriate grid cell. Finally, image snapshots of the
SOM grid as well as zoomed-in images can also be taken.
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Figure 7-18 The SOM Clusters View window

geWorkbench’s implementation of these algorithms is based on their implementation in
the Multi Experiment Viewer (MEV) platform, which is freely available from The
Institute for Genomic Research (TIGR).

7.4.3 The Dataset Annotation Tool

This panel provides a simple text window for adding any textual information that the user
wishes to associate with a particular data set. Examples might include annotations found
on the CGAP web site, questions that arise during the analysis which the user may wish
to pursue at a later time, actions that were taken that are not otherwise tracked by
geWorkbench, etc.

Cut and paste operations are supported to facilitate importing and/or exporting text to and
from this window. In particular, as the “parent” data set’s annotations are not inherited by
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the “child” nodes, the user may wish to copy and paste some of these as new data sets are
derived. Any text entered in this window will be saved and retrieved with the experiment
when the workspace is reopened.

geWorkbench supports user annotation/comments for images that appear in the Project
Folders component. First an image must be created by one of the components, for
instance through the Expression Value Distribution component as described in section
3.2.8. Then the user can attach an annotation by right mouse clicking on the generated
image to create a new annotation label for the image. The user can also used Edit ->
Rename -> File to accomplish the same task.
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Figure 7-19 Adding a dataset annotation

7.4.4 The Experiment Info Tool

This read-only text window displays the textual preamble that precedes the data in most
experiments. While it is not possible to modify the text in this display, the user can copy
that text if desired into a Dataset Annotation panel. For example, when two
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independent data sets are merged to form a new data set, the latter has no experiment
information associated with it. Using copy and paste operations, the user can copy the
experiment information from each of the original data sets into the Dataset Annotation
window for the merged data.
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8 Differential Expression (t test)

8.1 Overview

A t-Test analysis can be used to identify markers with statistically significant differential
expression between two sets of microarrays. The t-test determines, for each marker, if
there is a significant difference between the two groups (e.g. case and control). To
perform this analysis, you must classify the sets, set the analysis parameters and view the
results in the visualization components. The t-test implementation in geWorkbench offers
several options for multiple testing correction and evaluation of the test statistic. A
detailed description of the t-Test parameters is also available in online help.

8.2 Preparation

Use the file "webmatrix_quantile_log2_dev1.2_mvO0.exp", which is contained in the
downloadable zip archive tutorial_data.zip. See the Download area.

The result screenshots below were generated using an earlier dataset, which was obtained
by filtering with a deviation bound of 1.0. The dataset currently supplied was created
using a deviation bound of 1.2, so results will differ slightly from those shown.

For tips on loading data files, see the section Tutorial - Projects and Data Files.

8.3 t-Test Parameters
8.3.1 P-value

The p-value can be estimated from 1. the t-statistic (the default) or 2. by permutation.
8.3.2 Alpha corrections

For multiple testing (alpha) correction, the following options are offered: 1. no correction
2. Standard Bonferonni Correction 3. Adjusted (step down) Bonferonni Correction. 4.
Additional methods are available if the p-value is being estimated by permuation.

8.3.3 Degrees of Freedom

Group variances can be declared as: 1. unequal (Welch approximation) (the default) 2.
Equal.

8.3.4 Classification

The desired sets of arrays should be activated in the Arrays/Phenotypes component. This
is done by checking the boxes by the desired Sets.
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Figure 8-1 - Activation of array sets

The t-test requires two groups of microarrays to compare. geWorkbench distinguishes the
two groups by one being labeled as "Case". By default, all others are considered as
control. Note that in the Arrays/Phenotypes component, more than one set of arrays can
be marked "Case". All remaining (activated) arrays will then be in the "Control" group.
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Figure 8-2 - Setting case/control status of array sets

The thumbtack image next to activated Array Sets is colored red.
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Figure 8-3 — An array set marked as ''Case"

8.3.5 Set Analysis Parameters

e From the Analysis Panel, select T-Test Analysis.

e Various parameters can be adjusted as desired. Here we will use the Standard
Bonferonni method, which is the strictest.

e Alpha-corrections tab: Standard Bonferonni.

Analysis \Dataset Annatation ' Fiketing ', Dataset History | Expetiment Infa | Synkeny Parameters | Mormalization |

Fast Hierarchical Clustering Analysis
SOM Analysis
T Test Analysis
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73 Just alpha (o correction) @ Standard Bonferroni Correction () Adjusted BonFerrani Correckion | Save Settings |

Step down YWestfall and Young Methods (for permutation onhy)
) minP ) maxT

[ &l &rrays [ &l Markers ‘

Figure 8-4 - Multiple testing corrections
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e P-Value Parameters tab: p-values based on t-distribution. Note that the default
alpha (critical p-value) is set to 0.01.
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@) b-distribution LE-02 | Save Settings |
) permutation: @ Randomly group experiments  (# times)

() Use all permutations
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Figure 8-5 - P-value parameters

e Degree of Freedom tab: Welch approximation - unequal group variances.
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Figure 8-6 - Degrees of freedom

After all the parameters have been set, click Analyze. The results will be returned in three
locations: The Project Folder, the Markers component, and the Visualization area.

8.3.6 t-Test Results

The result is placed into the Projects Folder as a child of the microarray dataset that was
analyzed.
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Figure 8-7 — T-test result node in Project Folder

The results are displayed by default using the Volcano Plot visualizer.
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Figure 8-8 - T-test Volcano Plot

The adjacent tab provides a Color Mosaic showing all of the arrays and the p-value

calculated for each marker. It also can display annotation for each marker.
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Figure 8-9 - T-test result displayed as a color mosaic

The set of markers which met the minimum signifcance criterion are placed into a new
Marker Set labeled "Significant Genes" in the Markers component. The number of
markers is shown also.
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Figure 8-10 - T-test significant genes returned to a marker set.
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O Marker Annotations

9.1 Overview

The Marker Annotations component enables the retrieval of biological annotation
information for a collection of genes. For every gene, the following data can be retrieved:

e A set of pathways containing the gene.
e A set of gene-disease and gene-compound associations derived from the literature
articles.

All annotations are retrieved from remote servers maintained by the National Cancer
Institute (NCI). The data in those server come from the following sources:

o Pathways: NCI's Pathway Interaction Database (PID). PID pathways come from
3 sources: BioCarta, Reactome and "NCI-Nature Curated". Information about the
PID and each of the contributing sources is available at:
http://pid.nci.nih.gov/userguide/database content.shtml. These pathways are
stored in servers used by the Cancer Gene Anatomy Project (CGAP,
http://cgap.nci.nih.gov/).

¢ Gene-disease/compound associations: the Cancer Gene Index (CGI) data base.
The reported associations are extracted from article abstracts using a combination
of automatic text mining, semi-automatic verification, and manual curation.
Project details are available at: http://ncicb.nci.nih.gov/NCICB/projects/cgdcp.

9.2 Submit Query

The Marker Annotations module will retrieve information for all markers that belong to
activated marker sets, or, more precisely, for the genes corresponding to those markers:
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Figure 9-1 - Marker set activation

E.g., in the example shown above, information will be retrieved about the genes AATF,
CD40, STAT3. Checkboxes at the bottom of the component's user interface can be used
to specify which data source(s) to query: CGAP, CGI or both. For CGAP, the associated
drop-down can be used to designate the target organism for which annotations are
retrieved: human (the default) or mouse. Clicking the "Retrieve Annotations" button
initiates the communication with the NCI servers:

Get DiseasefAgent associations (from CGI) Get gene annotations (from CEAPY |Human v| | Retrieve Annotations | | Clear |

Figure 9-2 - Choosing annotation types for retrieval

9.3 Pathway and Gene Annotations

The "Annotations" tab presents a summary listing of the annotations retrieved from
CGAP:
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Fi_gure 9-3 - List of retrieved annotations

The listing contains at least one row for each gene which annotation information is
available for. If a gene is associated with more than one pathways, then one row for every
pathway is listed (e.g., as is the case above for CD40 and STAT3). Every row displays
the marker (i.e., probeset) id, the corresponding gene name and the name of the
associated pathway. Clicking on a pathway brings up a popup menu offering a number

options:

e View Diagram: available only for BioCarta pathways. Such pathways are
accompanied by images offering a graphical/artistic rendition of the pathway.
Selecting the "View Diagram" option will display this image within the

"Pathway" tab.

e Add pathway genes to set: extracts the pathway genes for which there are

associated probes in the microarray set currently selected by the user and places
all such probes in a new marker set within the "Markers" component (by default,
the marker set is named after the pathway).

e Export genes to CSV: creates a new text file containing a listing of all pathway

genes. The file format (csv = comma separated values) is compatible with

Microsoft Excel.
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Figure 9-4 - BioCarta pathway from caBIO

A BioCarta pathway image is displayed above after selecting the "View Diagram" option
from the "Annotations" tab. The drop-down box, on the top left corner above the
diagram, shows the name of the currently displayed diagram. The component keeps a
history of all BioCarta diagrams selected by the user; using the drop-down it is possible
to switch among the corresponding pathway images. The "Clear Diagram" button clears
the currently displayed diagram. The "Clear History" button both clears the currently
displayed diagram and removes all pathway history information from the pathway name
drop-down box.

In the "Annotations" tab, it is also possible to click on a gene name and explore
functional annotation information from a number of sources (Entrez, CGAP, GeneCards):

35150_at h_dcPathwway
35150_at - h_thith2Psthiay
35150_at 50 to Entrez for CO40 h_bhcelPathvs

_ N_DOCElF Attty
35150_at D G0 ko CGAP For CD40 h_blvmphocytePathw
35150_at o o ko Genecards For CO40 b _cd40Pathay

Figure 9-5 - Retrieving gene entries from Entrez
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9.4 Cancer Gene Index

For many genes, there are hundreds of records in the CGI database. Retrieving all those
records at once can be a very time consuming operation, especially if the query involves
many genes. To avoid very long waits, the retrieval of the data occurs in 2 stages. In the
first stage, at most 10 records for each association type (gene-disease/gene-compound)
are being fetched (for each query gene). Data retrieved as displayed in the
CancerGenelndex tab:

Annokations \Pathway " CancerGenslndex \

| = =
|Gene |D\sease
STATS melanomats)

-] h | | = -]
Marker
39708_at

Marker
39708_at

|Sentence Pubrmed |Agent |Rnle |Santence Pubrmed
epol4) .

39708 _at
39708 _at
39708 _at
39708_at

STATS
STATS

leukemias(1)

breast cancers{1}

prostate carcinomas(l)
hepatocelular carcinomasil

39708 _at
39708 _at
39708 _at
39708_at
39708 _at

imatinib{z}

rapamycin{i}

dextran sulfate sodiumi1)
hsp70{1})

curcuming 1y

collapse

retrigve all

Link bo MCI_Thesaurus

collapse all

expand all

Figure 9-6 - Retrieving additional records from the Cancer Gene Index

The user interface is divided in two regions, sharing the same overall structure and
functionality: the table on the left displays gene-disease associations, while the table on
the right is used for reporting gene-compound associations. To avoid redundancy, the
paragraphs that follow describe only the gene-disease table. The exact same description
applies in the case of the gene-compound table.

Each table row represent an association between a query gene and a disease. The first
column contains the name of the probeset associated with the query gene. For any given
gene, if its corresponding probeset name appears in bold-face, this means that there are
more gene-disease records on the CGI server that have yet to be fetched (beyond the 10
records acquired in the initial retrieval stage). The disease name within a row is followed
by a number in parentheses. This number indicates how many records (among those
fetched) support the reported association. E.g, in the image above, the first row indicates
that there are 6 distinct records linking STAT3 to melanoma. A detailed listing of these 6
records is available by "expanding" the row. This can be achieved by right-clicking on
the row and selecting "expand" from the ensuing popup menu (Figure 9-6). The resulting
display is shown
in
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arker SEne Disease 2ole Sentence ~ubmed

39706_at STATS melanama Gene_associated_with_Disease Gene therapy with dominant-ne... 10537273
39706_at STATS melanoma Gene_Product_Expressed_In_Tissue Prolonged DEX treatment of mel... 12589944
39706_at STATS melanoma Gene_Product_Expressed_in_Disease Prolonged DEX treatment of mel... 12589944
39708_at STATS melanama Gene_Product_Has_Biochemical _Function  Interleukin-g-resistant melanom... 11442760
39708_at STATS melanama Gene_Product_Malfunction_Associaked ... The expression of dominant ne... 11463377
39708_at STATS melanama Gene_Product_is_Pathway_Element Significantly, melanoma cells un... 12370822
39708_at STATS breast cancers{1)

39708_at STATS hepatacelular carcinomas(1) ...

39708_at STATS leukemias(1)

39708_at STATS prostate carcinomas(l)

|Gene therapy with dominant-negative Stats suppresses growth of the murine melanoma B1E tumar in vivo,

Get Disease/Agent associations (from CGI) Get gene annotations {from CGAP) |Human V| | Retrieve Annaotations | | Clear | | Exp
Figure 9-7.
arker |Sene Cisease 2ole Senkence Pubred I
39708_at STATS melanama Gene_fssociated_With_Dissase Gene therapy with dominant-ne,., 10537273
39708_at STATS melanama Gene_Product_Expressed_In_Tissue Prolonged DEX treatment of mel,.. 12539344
39708_at STATS melanama Gene_Product_Expressed_in_Dissase Prolonged DEX treatment of mel,.. 12539344
39708_at STATS melanama Gene_Product_Has_Biochemical_Function  Interleukin-g-resistant melanom.., 11442760
39708_at STATS melanama Gene_Product_Malfunction_Associsted ... The expression of dominant ne... 11463377
39708_at STATS melanama Gene_Product_is_Pathway_Element Significantly, melanoma cells un,,. 12370322
39708_at STATS breast cancers{1) v
39708_at STATS hepatocelular carcinomas(l) ...
39708_at STATS leukemias(1)
39708_at STATS prostate carcinomas(l)

|Gene therapy with dominant-negative Stats suppresses growth of the murine melanoma B16 tumar in vivo,

Get Disease/Agent associations (from CGI) Get gene annotations (From CGAP) |Human v| | Retrieve Annatations | | Clear

Figure 9-7 — Expanded listings for a gene from the Cancer Gene Index.

Each detailed record contains 3 additional pieces of information:

¢ Role: a curator-assigned description of the kind of association being reported. The
values in this column come from a controlled vocabulary (developed to support
the CGI database creation effort).

e Sentence: the actual article abstract sentence used to derive the reported gene-
disease association. The full sentence is displayed in the text area at the bottom
portion of the interface (it is also available as a tool tip text, by mousing over the
"Sentence" column).

e Pubmed: the Pubmed ID of the source article. Clicking on the Pubmed link
brings up in the web browser the corresponding Pubmed abstract page (in this
example, the sentence used for deriving the gene-disease association is actually
the paper title):
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GEname Structure

PubMed Mucleotide Protein

Search F_"ubM_ed 1 , for | [ Go ] [
[ Limits | Previewindex | History | Clipooard | Details |
Disglay | AbstractPlus v| Show 20 v|[SonBy v Sendto v
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| Al:1 | Review. 0 =

[] 1: Cancer Res, 1999 Oct 15;59(20):5059-63.

Gene therapy with dominant-negative Stat3 suppresses growth of the murine Retted art
melanoma B16 tumor in vivo. p Owerexpre
transduce
MNiu G, Heller R, Catleti-Falcone R, Coppola D, Jaroszeski M, Dalton W, Jove Dher-re
R, YuH g g
E, YuH. of transcr
H. Lee Moffitt Cancer Center and Research Institute, and Department of Micrabiolagy » Movel sinc
and Immunaology, University of South Florida College of Medicine, Tampa 33612, US4, signaltraF

Whereas signal transducers and activators of transcription were ariginally N Fovicw =
discovered as mediators of normal cytokine signaling, constitutive activation of cancer dr.
certain sighal transducer and activator of transcription proteins, including

Figure 9-8 — PubMed linkout from a Cancer Gene Index entry.

It is also possible to link out to the NCI thesaurus in order to see the definition of the
disease being associated with a gene; this is achieved by right-clicking on the table row
for the gene-disease association and selecting the "Link to NCI_Thesaurus" option from
the popup:

c {at I |_1] hittp: ffrciterms  nci.nib.gow NCIBrowser IConceptReport jsprdictionary=NCI_Th 5.7 - ' y
U.5. Mational Institutes of Health | www.cancer.gov
[ vocabulary: NCI_Thesaurus | HELP | RESULTS | CUSTOMIZE | ABOUT | BROWSE HIERARCHY @ LOGOUT :
Quick Search [FEUETTEEY BTETTA) Corl':ceDkt E"Etalls
Bookmark this page
Max Results: I 25 b
| @ E Melanoma Printable Page History Grap
Identifiers:
IMeIanoma w
name Melanoma
code C32z24

QUICK LINKS

Relationships to other concepts:

Disease_Has_abnormal_Cell % E Melanoma Cell
Figure 9-9 — NCI Thesaurus link-out from a Cancer Gene Index entry.
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It should also be noted that the user interface allows ordering and filtering of the data (the
latter can be very useful if there are many records being displayed):

Ordering: the table rows can be sorted alphabetically by the contents of any
column, by clicking on a column heading.

Filtering: the drop down boxes that appear above the columns "Marker", "Gene",
"Disease", and "Role" contain one value for each distinct entry within those

columns. They can be used to select only records that contain the designated

values. Of note is the drop-down associated with the "Disease" column:

Annotations \m_asbcellPathway " CancerGenelnde: \‘

-

b’ |

“larker

39708_at
39708_at
39708_at
39708_at
39708_at
39708_at
39708_at
39708_at
39708_at
39708_at

Fole

|Sentence

Pubmed

breast cancers (1)

leukemias (17
melanoma (1)
prostate carcinomas (13

melanoma

breast cancers(1) e
hepatocellular carcinomas(1y ...
leukemias{1)

prostate carcinomas(1)

Gene_fssociated_With_Disease
hepatocelular carcinomas (1) |Gene_Product_Expressed_In_Tissue
Gene_Product_Expressed_in_Disease
Gene_Product_Has_Biochemical_Function
Gene_Product_Malfunction_Associated_...
Gene_Product_is_Pathway_Element

Figure 9-10 - Filtering on values in a column in the Cancer Gene Index.

Gene therapy with dominant-ne. ..
Prolonged DEY treatment of mel...
Prolonged DEX treatment of mel...
Inketleukin-6-resistant melanam, .,

The expression of dominant ne. ..
Significantly, melanoma cells un...

10537273
12559944
12559944
11442760
11463377
12370522

The parentheses next to a disease name indicate how many distinct genes (among those
included in the user query) are associated with this particular disease.

It should be noted that these numbers are calculated using only fetched records. As
mentioned above, the first stage of the information retrieval will fetch at most 10 records
per gene. The remaining records associated with a gene can be retrieved from the CGI
server by right-clicking on a table row corresponding to the gene and by selecting the
popup menu option "retrieve" all. After all gene-disease association records for a given
gene have been fetched, the bold-face type of its associated probeset name is removed:
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Annokations | Pathway * CancercensIndss: ‘\
- - - - \ - - -
Marker Gene Disease Role |Sentence Pubmead " marker Gene Agent Role |Sentence Pubrned
39708_at  STATS tumar(353) " 39705 _at STATS epal39) ™
39708 _at STATS cancer{126) 39703_at STATS ethanol{34)
39708 _at STATS cancers(119) .., 39703_at STATS prai2a)
39703 _at STATS tumors(119) 39708_at STATS genistein(18) ... =
39703 _at STATS proskate ca.., .. 39705 _at STATS curcumin{14) .
39708 _at STATS melanomaié3y ... 39703_at STATS sulindac{13)
39708 _at STATS myelomal51) 39703_at STATS WOFtmannin. .. ...
39703 _at STATS multiple mye... ... 39705 _at STATS piceatannalf... ...
39703 _at STATS breast canc... ... 39705 _at STATS atra(10)
39708 _at STATS metastasis(43) ... 39703_at STATS tpal)
39708 _at STATS human panc... ... 39703_at STATS hzoz{9)
39703 _at STATS leukemial31) 39705 _at STATS tyrosine kin... ...
39703 _at STATS human pros... .. 39708 _at STATS tibzimab()
39708 _at STATS prostate car... ... 39703_at STATS rapamycin(8) ...
39705 _at STATS pancreatic c... ... 39708 _at STATS glucocorticoi,., ..
39703 _at STATS breast carci... ... 39705 _at STATS iononmycin{s)
39703 _at STATS human hepa... ... 39708 _at STATS egog(s)
39705 _at STATS gastric canc... ... |~ | |39708_at STATS antisense dli... ... -]

Figure 9-11 — Result of retrieving all records for a gene in the Cancer Gene Index.

Finally, by clicking on the "Export" button at the bottom of the user interface, the
contents of the gene-disease and the gene-compound tables displayed within the
CancerGenelndex tab can be exported as comma separated values text files for further

analysis or/and visualization by spreadsheet software.
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10 Sequence Retrieval

10.1 Overview

geWorkbench contains a number of modules that allow DNA or protein sequences to be
visualized and analyzed. Sequences can be loaded from a local disk as a FASTA format
file, or can be retrieved from a remote resource. Here we discuss retrieval of sequences
from the network.

Once a set of sequences has been obtained, it can used for several types of analysis in
geWorkbench, including searching using known promoter motifs (_Promoter_Analysis),
running BLAST searches, or looking for common motifs using Pattern Discovery.

Nucleotide sequences are obtained directly from the UC Santa Cruz Golden Path
database. Amino-acid sequences are retrieved from the European Bioinformatics Institute
(EBI).

10.2 Prerequisites

e A microarray dataset must be loaded.

e An annotation file must be associated with the microarray dataset at the time it is
loaded. At present, only Affymetrix-format annotation files can be read in. These
files can be obtained for Affymetrix chip types from affymetrix.com. For exact
instructions, please see the ggWorkbench FAQ page: FAQ

10.3 Example - retrieving sequences for a list of gene markers
10.3.1 Obtaining a set of markers

Sequences can be retrieved for any set of markers of interest. For this example we have
loaded the tutorial data file BCell-100.exp and selected the last 10 markers into a new
Marker Set:
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Markers ‘I,I.ﬁ.rra-:.fs,l'Phen-:nt':.fpes "t

Search: Find Mexxk

111_at: (RABGGETA) Rab geranyigeranyltr |
100_g_at: (RABGGETA) Rab geranylgeran

101 _ak: (DYRK4) dual-specificity tyrosine-
102 _ak: (HIPK3) homeodomain inkeracking
103_ak: (THES4) thrombospondin <

104 _ak: (POUAF1) PO domain, class 6, tr
105_ak: (MR.1I3) nuclear receptar subFami|
106_ak: (RUMESY runt-related transcriptio
107 _ak: (LOCZ86526) Ras-like GTPase-like
105_g_at: (RAB40E /J} RAB4DA 1) LOC2E
109_ak: (RABEPK) Rab9 effector protein v +

4 [zl ]
Marker Sets

Default - " Trlew
=

-] Final ken [10]

Figure 10-1 Activating a marker set for sequence retrieval.

When the set is activated (through use of the check box) the selected marker set will
appear in the Sequence Retriever component:

Sequence Retriever “\‘Microarray Wiewer \L
Marker Annotations \L Color Mosaic \ Expression Profiles \ Expression Value Distribution \L Gene Ontology \ll Scatter Plot \L Tabular Microarray Viewer \ll Cellular Metwork ‘ll

Marker | Find a Marker | View: |Line

100_g_at: {RABGETA) Rab geranylgeranyltransferas
101_at: (DYRK4) dual-specificity tyrosine-(Y -phosph
102_ak: (HIPK3) homeodomain interacting prokein kin
103_ak: {THES4) thrombospondin 4

104 _at: (POUEF1) POU domain, class 6, transcription
105_at: (MR1I3) nuclear receptor subfamily 1, group
106_ak: (RUM%3) runt-related transcription factor 3
107 _at: (LOC286526) Ras-like GTPase-like

108 _g_at: (RAB40E }} RAB40A i) LOCZB6526) RABS
109_ak: (RABEPK) Rab9 effectar protein with kelch m ]

Include | Mame | Sequence Dekail

1]

£ »

‘]

| »

-| 10,000 l%'+| 10,000 l%" stop || clear || Gek Sequence || Add To Project ||

Figure 10-2 - Activated markers appear in the Sequence Retriever component
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We will retrieve DNA sequences from Santa Cruz and leave the default settings of +-
10,000 relative to the start of transcription. After pressing Get Sequence the sequences

are downloaded:

Marker \Find a Marker \

Wigw: |Line

100_g_at: {RABGGTA) Rab geranylgeranyltransferas,
101_at: {DYRK4) dual-specificity tyrosine-(v -phosph
102 _at: {HIPK3) homeodomain interacting protein kin.
103_at: {THES4) thrombospondin 4

104_at: (POUSFL) POU domain, class &, transcription
105_at: (MR1I3) nuclear receptor subfamily 1, group
106_at: {RUN%3) runt-related transcription Fackor 3
107_at: {LOCZ86526) Ras-like GTPase-like

105_g_at: (RAB40B [if RAB4DA [} LOCZE6526) RABS
109_at: {RABEFK) Rab? effector protein with kelch ms

Include

Mame

Sequence Detail

O

Ooooooooooogooooao

100_g_at_chr14_23810583
101_at_chr12_4560504
101_at_chr12_4569756
101_at_chr12_4554289
102_at_chr11_33235743
103_at_chrS_79366746
104_at_chr12_49397744
104_at_chr12_49878217
104_at_chr12_49377085
105_at_chr1_159474624
106_at_chr1_25164088
107_at_chri_102078855
108_g_at_chr_102075855
109_at_chr9_127002879
109_at_chrd_127002637

109_at_chrd_127002655

521 561

¢ sagttetttgtgatgetotootyagectantighotanctagttgeattctaeagasantoocoanagagtttgtttetttctoctggtoncaccecatacctye
481

B

10,000 |z|' + 10,000 |Z|' sbop || clear | Get Sequence | Add To Project |

Figure 10-3 - Seqeunces retrieved for activated markers.

Note that for several of the markers more than one sequence has been retrieved. All
sequences associated with a given gene symbol are retrieved.

Double-clicking on one of the lines shows the sequence detail:
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Wigw:

Line

100_g_at: (RABGETA) Rab geranylgeranyltransferas
101_at: (DWRE4) dual-specificity byrosine-(¥)-phosph
102 _at: {HIPK3) horeodomain interacting protein kin.
103_at; {THES4) thrombospondin 4
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CTGGATAAGGATGACTCCTTCCCAAAGTTAGGGATTAGGTCTT GAACCCTTCATCCCCCATTCTCCTGCTGTCTCCTTCD
CCAT G ACAGAAACTTTGARACCTTCAGCACAGAACT GCACACTACCTGCCCCAAACCCAGAGTGTGGCTCGAACTCACAG
GCCCAGTGAGACCAATTGGTGAGAGC TCCACCCTTCCTCCCTGAGGGGAGGTATGCTGGGCCAGCCATGGCAGTGTCTGT
ATCCCAGGACTGACCCTCTAAGGACT CATTGATCCCTGCTATCCATCGGTCCTTGGCCTCGGCCCCACACACCACACCTC
AGCCTCARAACCCCCGOTCAGGGGCC TAAGAGAGAATTTCCCAACAGGGCTGCCAGCAGTGGGAGCCTTGGATGCCTCTG
TAGGGEC TACTCCAGGTCC T C TG C T T T o e e T CAGTGT T TTTGCCAGGCACAGAGCTCAAGCCTGAGTCATGAT
TGGGCCCACAGGGGACTCAGGAACACAGCATTGCTCCTGTCAGCAGTTCCAGGCATTCTCCTTTACACTGAATTCTGAGT
TTCGGAACCACTCCCTGTCCACTCCCTCCCGGTGCTGCGAGGCCTGGCCCTACAGCCTGGAGTGCAGCCACCCCTGACCA
AGCTCCCTGCCCTGGGCTCTAAGAT CCCCAACTCCTCCTCCTCATCTCCCACCCCAGCCCAGTGGGTGGGTGCCTCCATG
GCTCACCATTTATTCATTCATTCATTCTTTCCCAACTAGTCTCAATACCCTGTTTCATTTCCCTCAGGGGCACTTAGATT
CCCTGAAATTGTCTTAGGTGTGTAT T TGCTCCTACAGGGACTGTCTCCCCAACTATAATGTAAGCCCTATGACAGCAGGE
ACCTTGTCTGTCTTGETCACCACTGTATATTGAGCTGTACTGGCGCTCAATAATTCTTCCTTGATAATTGACTGGCTAAL
TTATGTTAACGTTAGT TGAGCAACCACCATGETGCAGGCACCT TECTAGGT CGAGAGGARATCCAGT CAAATCAGTCCCCT
TGGGTAGGTAGT TCACAGCAGGAGCAGAAGTGGGGCGCTGCAC CCACAGGAT GAGCTATAATGCAGGCACCACAGGACCT
GETGCTGAGAGGAACAGAAGAGGCACTTGACCGAGC CCCAAGC CAGGGCTTCTGCTCACCTACAGCCCCAGCTCCCACTC

@ FBGCBCTCTGGG@.GGCC&BGGTGGGCEG@.TCBCCTGBBGTFBGG@.GTTTG@.G@.C CAGCCT ACATGGT GRAA ; CTCTTC »
| S §091 §131 §171
10,000 [ 2]+ 10,000 [=] <top || clear || Get Sequence | Add To Praject |

Figure 10-4 - Detailed sequence view.

The component provides check boxes which allow sequences of interest to be selected
and added to the Project Folders component as a data node:

IMarker \Find a Marker \l

100_g_at: {RABGETA) Rab geranylgeranyltransferas:

101_at
102_at
103_at
104 _at
105_at
106_at
107_at
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¢ (THES4) thrombospondin 4

: (POUBF L) POU domain, class 6, transcripkion
¢ (MRLIZ) nuclear receptor subFamily 1, group
¢ (RUMEZ) runt-related transcription Factor 3

s (LOC286526) Ras-ike GTPase-lke

103_g_at: (RAB40B /Y RAB40A [if LOCZE6526) RABS

: (RABEPK) Rab9 effector prokein with kelch i
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Mg |Line il
Include | Mame | Sequence Detail
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102_at_chril 33235743 | |
103_at_chrS_79366746 | p |
104_at_chriz_49897744 | 4 |
[ 104_at_chriz 49873217 | 4 |
[[]  104_at_chriz_49877085 | 4 | =
[+] |
< ?

10,000 |2 +|

10,000 | 2]

| clear || Get Sequence || add To Project |

Figure 10-5 - Selecting seqeunces to add to the Project.

When Add to Project is pushed, the user is asked for a name for the new data node:
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[ Input &J

Please enter a name for the dakaset

. |selected seqUences |

| i I | Cancel |

Figure 10-6 - Naming the new set of sequences.

The resulting node is placed into the Project Folder as a child of the original dataset:

Projeckt Folders I

ﬁ Workspace
[Fl-{==F Project

o . Brel-100,exp
by §' selected sequences

Figure 10-7 - The new seqeunce set added to the Project.

Note that when this node is added, the Viewing area of the geWorkbench GUI will now
show components that support working with sequences. However, the Sequence Retrieval
component will no longer be visible! You must select the Project or the sequence's parent
object to see the Sequence Retrieval component again.

10.4 Saving the sequences to an external FASTA file

1. Right-click on the "Selected Sequences" entry you made in the Project Folders
component.

2. Select Save.

3. Enter a suitable name and save the file.
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11 Sequence Alignment

11.1 Overview

The comparison of sequences is central to the study of genes and genomes, and can
illuminate function, regulation and evolution. For example, highly conserved protein
coding sequences imply structural similarity and tend to be causally related to a common
function. Therefore, in studying a gene or other sequence, it is important first to detect all
significant similarities between the encoded amino acid or nucleic acid query sequence
and any accumulated protein or nucleic acid sequence data, for example that contained in
the national sequence databases.

11.2 BLAST

The BLAST algorithm is found in the Sequence Alignment tab, located in the command
area of geWorkbench (lower right quadrant). The Sequence Alignment tab appears when
a protein or DNA sequence is loaded and selected in the Project Folders component.
BLAST is currently the only alignment option supported.

The BLAST algorithm is used to find similarities between nucleotide or amino acid query
sequences and sequences held in a database. It is often used to give clues to the function
of a sequence based on its similarity to already characterized sequences.

geWorkbench runs BLAST by submitting jobs to the NCBI server. NCBI-supported
sequence databases and search algorithms can be selected in the user interface (arrows).
There is no provision at this time for running a local BLAST job on the client desktop
machine.
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Figure 11-1 - The Sequence Alignment component showing the BLAST main tab.

11.3 BLAST job setup

11.3.1 Prerequi

sites

The Sequence Alignment component must be loaded in the geWorkbench

Component Configuration Manager.

component.

11.3.2 Query sequences

A protein or nucleotide sequence must be loaded in the Project Folders

BLAST accepts nucleotide or amino-acid query sequences in the FASTA format. A
query file can contain one or multiple sequences. The file can be loaded from disk using
the File Open command, or may have been placed into the Project Folders component by
another component such as the Sequence Retriever, or as a result of a previous BLAST

run.
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11.3.3 Parameters - Main

11.3.3.i Algorithms

The user must make sure that the algorithm chosen matches the type of query sequence
(protein or nucleotide) that has been loaded. Some of the algorithms translate a nucleotide
query, a nucleotide database, or both into amino acid sequence before executing the
query. Searching in the amino-acid space is more sensitive for certain types of query, as it
ignores synonymous, non-functional changes in nucleotide sequence.

11.3.3.i.1 For protein query sequences:

e Dblastp - Compares an amino acid query sequence against a protein sequence
database.

e tblastn - Compares a amino acid query sequence against a nucleotide database
translated in all reading frames.

11.3.3.i.2 For nucleotide query sequences:

e Dblastn - Compares a nucleotide query sequence against a nucleotide sequence
database.

¢ Dblastx - Compares a nucleotide query sequence translated in all reading frames
against a protein sequence database.

e tblastx - Compares the 6 frame translations of a nucleotide query sequence
against the six frame translations of a nucleotide sequence database.

11.3.3.ii Databases

Standard protein and nucleic acid databases maintained at NCBI are supported. The
appropriate databases for the search algorithm chosen will be displayed.

11.3.3.ii.1 For nucleic acids:

¢ ncbi/nt - all non-redundant DNA sequences.

¢ nchi/pdbnt - nucleotide sequences derived from the PDB database (protein 3D
structure database).

e nchi/yeast.nt - yeast genonic sequences.

11.3.3.i1.2 For proteins:

e ncbi/nr - all non-redundant protein sequences

e ncbhi/pdbaa - protein sequences from the PDB database (protein 3D structure
database).

¢ nchi/swissprot - sequences from Swiss-Prot, a primary reference database.

e nchi/yeast.aa - translations of yeast genomic coding regions.
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11.3.4 Parameters - Advanced Options

e Expect - Expected number of chance matches in a random model.

e Word size - The length of the seed that initiates an alignment.

e Matrix - Various scoring matrices are available for protein queries. A default
matrix is used for DNA searches. The chosen matrix assigns a score for aligning
any possible pair of residues. (A future release will include match/mismatch
scores for DNA searches).

e Gap Costs - The pull-down menu shows the available choices of gap costs for the
chosen matrix. Increasing the gap costs will tend to decrease the number of gaps
in returned alignments. This is currently only implemented in geWorkbench for
protein searches.

e Low Complexity - filter out low compositional complexity sequence.

e Mask lower case - filter out sequence which is in lower case in the FASTA query
sequence.

e Mask for lookup table only - masks low-complexity sequence only while
constructing the lookup table used by the intial hit-find phase of BLAST. The
second phase, hit extension, is not not affected and hits can be extended through
low-complexity sequence. NCBI notes that this option is experimental and subject
to change.

¢ Human repeats filter - masks human repeats (LINE's and SINE's). This option
can speed searches involving long query sequences or databases containing
sequences with many repeats.

e Display result in your web browser - geWorkbench will display the HTML
page returned by NCBI BLAST in your web browser as well is within its own
display.

Please see the NCBI BLAST Help page 1 and NCBI BLAST help page 2 for further
details on these options.

Nucleotide Search parameters (default):

BLAST ‘\
Main * &dvanced Options ‘\

Expect: ||1I3 |v|
Word size: | 11 vl
Matrix: |dna.mat "|

Lowe Comnplexity [ | Mask lower case [ | Mask for lookup table only [ ] Human Repeats Filker Display result in your web brovwser

Figure 11-2 - BLAST Advanced Options (Nucleotide).
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Protein Search parameters (default):

BLAST ',
Main * Advanced Options ‘\‘

Expect: ||1El |'|
Word size: |3 V|
Matri: | BLOSLMEZ ~|

Gap cosks: |E><istence: 11 Extension: 1

Low Complexity [ ] Mask lower case [ | Mask Far lookup table anly Display result in your web browser

Figure 11-3 - BLAST Advanced Options (amino acid)

11.3.5 General controls

e All Markers - if selected, use all sequences loaded, overriding any activated sets
in the Marker Sets component.

¢ Total Sequence Number - indicates how many sequences have been selected for
query.

e Curling arrow - start BLAST search

e Stop sign - stop BLAST search (if pushed, geWorkbench will not wait for or
retrieve the BLAST results).

[] &l Markers | Total Sequence Murnber: 1 @ 0

Figure 11-4 - BLAST job controls

11.4 BLAST Results Viewer

When the BLAST search results are returned they are placed in a new node in the Project
Folders component as a child of the query sequence used. You can mouse over the result
set to see how many sequences are in it.
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Project Folders

ﬁ Workspace
=-Z Praject

B 8 MM_024426-Wilms. Fasta
L3 BLAST Result

Figure 11-5 - BLAST result node in Project Folder

Each different hit is listed on a line in the results table, shown below. Note that a query
sequence can hit a database target sequence in more than one place, resulting in multiple
alignments displayed per target hit. The results viewer also shows statisics for each hit,
including the E-value, start position and length of the hit, and the percent identity.

If the "Display result in your web browser" option was chosen, then the browser will
open with the HTML formated results.

In the pane at left in the picture below, the name of the input query sequence is shown,
e.g. the gi number of a Genbank sequence. If there had been more than one query
sequence, then this pane would show a list of query sequence names, allowing you to
select the results to be viewed.

Figure 11-6 - BLAST job result viewer.
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Search:| " Find Mext dh Marne Description e-value start paint align length |%ide. . | Include
qil 5508003 ref MM_024... Homo sapiens Wilms tumor 1 (WT1), Eranscript. .. 0.0 1 3029 100 (] =
ref MM_024... Homo sapiens Wilms tumor 1 {WT1), transcript. .. 0.0 1 3020 99 O b=
ref MM_024... Homo sapiens Wilms tumar 1 {WT1), transcript. .. 0.0 1 2978 95 O ki |
ref MM_000... Homo sapiens Wilms tumar 1 {WT1), transcript. .. 0.0 1 2962 93 O
emb ¥51630.1  Human Wilms tumor WT1 mRKA For zinc Finger prat. .. 0.0 108 2895 100 O
ref ¥M_001... PREDICTED: Macaca mulatta similar to Wilm... 0.0 458 53 a7 O
ref ¥M_001... PREDICTED: Pan troglodytes Wilms tumor 1 ... 0.0 379 2387 99 O
ot M30393.1  Human Wilms' tumor {WT33) pratein mRNA, 3., 0.0 1 2308 100 O
dbj AKO9316.., Homo sapiens cDMA FL135849 fis, clone TESTIZO... 0.0 282 2139 a7 (|
dhij AK29173... Homo sapiens cDNA FLI77569 complete cds, high. .. 0.0 1 2114 a9 O [+
a
>ref |NM 0:4426.3 m Homo sapiens Wilms tumor 1 (WT1), transcript variant D, mRNA [
GENE ID: 7490 WT1 | Wilms tumor 1 [Homo sapiens] (Over 100 PubMed links)
Score = 4828 bits (5354), Expect = 0.0
Identities = 3029/3029 (100%), Gaps = 0/3029 (0%)
Strand=Plus/Plus
Query 1 CCAGGCAGCTGGEGTAAGGAGTTCAAGGCAGCGLCCACACCCEEEEEC TCTCCGCAACCT 60
PECEEEEEE e e e e e e e e e e e e e e e e e e e e e el
Zhiet 1 CCAGGCAGCTGGEGTAAGCAGTTCAAGGCAGUGUCCACACCCGEEEECTCTCCGCAACCT &0
[+
| Laad | | Reset | ‘ Select all | | Add Selected Sequences ta Project | ‘ Only Add Aligned Parts
Tatal hits for all sequences are 50.
aw




11.4.1 Controls

11.5

11.4.1.i Within the list of returned hits

Include check boxes - when checked, selects these sequences for import into the
Project Folders component.

11.4.1.ii At the bottom of the pane

Load - load a HTML format BLAST file into the viewer.

Select All - mark as checked all the "Include" boxes.

Reset - uncheck all "Include" boxes.

Add Selected Sequences to Project - for each hit whose "Include" box is
checked, add its sequence to a sequence node in the Project Folders component.
Only Add Aligned Part - for each hit whose "Include" box is checked, add to the
Project Folders component only the portion of its sequence which aligned with the
query sequence .

11.4.1.iii In the query list

Search - input a text search to find entries in the list of queries.
Find Next - search for the next occurence of the entered text.

Submitting a BLAST job

Press the curved arrow submit button. The adjacent Stop button will terminate
the search (geWorkbench will not wait for or retrieve the BLAST results).

)

Figure 11-7 - The submit and stop job buttons

Once the search has been submitted, a progress bar in the "Main" tab will indicate
first that the sequence is being uploaded and then that the job is running.
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ELAST \

Tain \.ﬂdvanced Options ‘\,.

For sequence gi|65508003, the blast job is running.

Please specify subsequence, program and database
Program: blastrn =
Database:

nichifnt Al non-redundant DMNA sequences,

nichifpdbnt Muclectide sequences derived from the PDEB.
nchifyeast,nk ‘feast genomic nucleotide sequences,
[ &l Markers | Tokal Sequence Rurmber: 1 @ 0

Figure 11-8 - A running BLAST job.

11.6 Example: Running a BLAST search

Two Genbank sequence files in FASTA format are included in the geWorkbench
data/public_data folder: a nucleotide sequence, "NM _024426-Wilms.Fasta", and its
protein sequence, "NP_077744-Wilms.fasta".

For a simple search using the nucleotide query file, one can select the blastn program and
search against the ncbi/nt non-redundant database of nucleotide sequences.

e From the geWorkbench "File" menu, select "Open->File".

e Select a file type of FASTA.

e Navigate to data/public_data within the geWorkbench distribution and select the
file "NM _024426-Wilms.Fasta".

e Press "Open".

e (The above steps can also be accomplished by right-clicking on a Project node
and selecting "Open File(s)" and following the same steps.

¢ In the Project Folders component, make sure the sequence file just read in is
selected. This will activate those components that can work with sequence data.

¢ In the Commands Area click on the Sequence Alignment tab.

e Select the BLAST tab, and under it the Main tab.

e For program select blastn.

e For database, select "ncbi/nt - the complete non-redundant nucleotide database.
For a faster search, one could select the ncbi/pdbnt database instead, which is
much smaller.
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Note: The text field at the bottom of the Sequence Alignment component shows the
number of sequences that have been selected. If you have a Fasta file that has multiple
sequences, you can select the ones you want in the Markers component and activate this
selection, letting you search on a subset. You can search on all sequences in a file by
clicking the All Markers checkbox.

¢ Click on the Advanced Options Tab

¢ Change the Expect Value to 0.01. This sets the cutoff for which BLAST hits will
be displayed.

e Make sure "dna mat" is selected for the Matrix.

e Leave the Display result in your web browser checked.

e Hit the "curving arrow" run button. The job will be submitted and the results
returned as shown in the sections above.

11.7 References

BLAST

Altschul, S.F., Gish, W., Miller, W., Myers, E'W. & Lipman, D.J. (1990) "Basic local
alignment search tool." J. Mol. Biol. 215:403-410.

Altschul, S.F., Madden, T.L., Schiffer, A.A., Zhang, J., Zhang, Z., Miller, W. & Lipman,
DJ. (1997) "Gapped BLAST and PSI-BLAST: a new generation of protein database
search programs." Nucleic Acids Res. 25:3389-3402.
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12 Pattern Discovery

12.1 Overview

Sequence Pattern Discovery is the process of identifying nucleotide or amino acid
arrangements, also called motifs that are enriched in a set of sequences. Such motifs may
identify regions that have been preserved by evolution and which therefore may play a
key functional or structural role. geWorkbench currently provides three modes of Sequence

Pattern Discovery: Regular Discovery, Hierarchical Discovery, and Exhaustive Discovery.

Regular Discovery is based on the algorithm SPLASH (Califano, A., 2000); it generates a list
of all regular expression patterns (motifs) that satisfy a user-defined minimum support and a
minimum density criteria. The former determines the minimum number of times a pattern
must occur in the sequence set to be reported. This can also be expressed as the minimum
percent of sequences that must contain the pattern. The latter determines how sparse the
pattern can be, in other words the minimum number of matching characters k (any

66 9

character except for the dot character “.””) over a window of predefined length w.

SPLASH-based motif discovery is extremely efficient and can process most large protein
super-families in a few minutes on a conventional workstation. Discovery is uniquely
effective in identifying sparse patterns using extremely low-density constraints, and the
results obtained with Discovery can provide the core for a large number of more specific
local alignments.

Exhaustive Discovery starts from a relatively high minimum support (e.g. patterns occurring
in 75% of the sequences) and it progressively reduces the support, until a statistically
significant pattern is discovered. Discovered patterns are reported and then masked in the
sequence set so that they are no longer discovered. Then the process continues iteratively
until the minimum support reaches a lower user-defined limit. Exhaustive Discovery,
thus, produces a list of non-overlapping motifs in order of support.

Hierarchical Discovery (note — this feature is not available in geWorkbench 1.8) is based on the top-

down clustering algorithm CASTOR (Liu and Califano, 2003); it proceeds similarly to
Exhaustive discovery, except that each time a pattern is reported, the set is split into
sequences containing and sequences not containing the pattern. Discovery continues
hierarchically in the individual split subsets. This produces a binary tree of sequence sets
and associated patterns. Discovery stops when the sets become smaller than a user-
defined limit or when statistically significant patterns can no longer be discovered. In
addition, HMM models are also generated.

12.2 Tutorial

In this tutorial we will present examples of Normal, Hierarchical, and Exhaustive analyses. To

demonstrate Normal, we will load a dataset of 254 amino acid sequences containing H1
histone seqeunces and attempt to discover a common motif in at least 95% of the
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sequences. (This file, HIH5_HistoneDB_NHGRI.fasta is available for download from
the geWorkbench website as part of the tutorial data). To demonstrate Hierarchical, and

Exhaustive analyses, we will search the same dataset using different constraints. We will
then describe three panels that can display the resulting patterns. These are Sequence,
Position Histogram, and Patterns(Promoter).

12.2.1 Discovery analysis

In this example, we begin the Discovery process by loading the H1-histone sequence dataset
from local files into the Project Folders component. After loading the Project Folders, you can
see the list of sequence IDs for the dataset by clicking on the Markers tab in the Selection
Area.. You can also see a graphic display of the dataset by opening the Sequence
component in the Visual Area. In this view each sequence is represented by a line
proportional to its length, preceded by the sequence ID. Now open the Pattern Discovery

component in the Analysis area. In the default view, you will see the Normal radio button
has been selected and the Basic sub-panel is open with default parameter values. Change

the settings in the text boxes to Support: 80%, Min. Tokens: 7, Density Window: 12, and Density
Tokens: 4. Next, open the Advanced sub-panel tab and uncheck Exact Only to activate the
BLOSUMS0 similarity matrix.

To begin the Discovery process, press Execute icon @ . This brings up a New Session dialog
box.

. "

Mew Session

Session Create || Cancel |

Session MNarme: | sessiond |

-Session's server

Server Type; | splash

SErvEr: | splash.cu-gename. org

User Mame: | jores|

|
|
Port: £ |
|
|

Passwiord: |

Figure 12-1 Pattern Discovery dialog box

Enter the following: Server: splash.cu-genome.org, port: 80. For the session and User
Name, you can enter any convenient values (if in the future a login is required to access
remote servers, then a valid User Name and Password will need to be entered). Note,
subsequent searches in the same session will not elicit the dialog box. Then press Create.
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Looking back at the Pattern Discovery panel, you will see the following series of progress
bar text messages: Uploading, Processing seeds, Discovering, Collating, and Done. The Discovery

Table will then fill with information on the discovered motifs. The table in Figure 12-2

shows that seven similar patterns were found. If you select a motif, it will be highlighted
in blue. Here, the motif [NDE][RK].G.S...[ILM].[RK].[ILMV] was selected. The table
shows that it is found once in each of 209 of the 254 input sequences, spans 14 tokens
and contains 7 full character tokens. Right-clicking on the table elicits a pop-menu,
described in Section .12.4
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Figure 12-2 Normal pattern discovery
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12.2.2 Hierarchical analysis

For an explanation of hierarchical analysis see
“http://www.research.ibm.com/splash/Hyerarchical/HierarchicalDiscovery.htm”.

To perform Hierarchical analysis on the histone dataset:

1. Select the Hierarc radio button.

2. Then set the Basic constraints as in the Normal example:
3. Leave the Advanced constraints as they were.
4

In the Hierarchical sub-panel, further options can be adjusted, but we will use the
default values (Min. Cluster Size: 10, and Min. Pattern Number: 10).

5. Press the Execute icon Q to initiate the search (Note — this search may take a long
time). A gray progress bar is displayed while the search is in progress.

6. Results: Motifs and their frequency are listed in the Display Area as nodes in
expandable folders (Figure 12-3).

The primary node shows the total number of sequences (254) in the dataset. Expanded
folders show motifs and number. Folders expand until hierarchical constraints are
reached.

i Morm. @ Hierarch. ' Exhhaust,

VOS] oe IEE |

[] Expand nodes

[= Sequences: 254
, ..... D [sz
[=h-(= [ILMITILY]. . [ILMY]. . [NOETRE].G. ... [ILM].K] 202
o] HMM [*-»MiveATkalkERKGSSIqalkky <-*] Seqhio: 252 Supp: 252
..... D [1a3
B [, [ILY].IQED oG.GA, G FIREIILMY]] 169
- [ HMM [*-=gvasGalvgtkEtaasesFkla<-*] Seqho: 218 Supp: 221

Splits: 2
Basic ‘I,IHierarchicaI "l. Exhaustive "l. Lirnits "l. PrafileHrMrM "l. Grouping "l. Advanced "l.

Suppork: | 0%

Min Tokens: |?

Densiky Window: | 1z

Density Tokens: | 4

Figure 12-3 Hierarchical pattern discovery
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12.2.3 Exhaustive analysis

In this third example, Exhaustive analysis was applied for Pattern Discovery on the same
dataset, using the same Basic and Advanced constraints as in the hierarchical example.
However, it is possible to set additional constraints, specified in the Exhaustive sub-panel.
Here, we left the default parameters for Dec. Support(%) at 5 and Min Support at 10% (Figure
12-4).

Wiz |Line - H All [ Matching Patkern | [ &l Sequences

258564182
S5z20730
13316332
GAGL00E
27520991
2564154
2562159
2335137
11286768
11286769
253119
525592
525599
zzazlse
TEIGET
TE3LEL
ZERZLTE
ZE2E1TE
63771
S207544E
[ =L T35

< ®

AV
casCRIPT \Dataset Annokation \Dataset Hiskary \Experiment Info * Pattern Discowery \

) Morm, () Hierarch, () Exhhaust,

D@/ oo I |

Il
Il

o

ik iluuligulie e W
QT [ R A

[4]

Hits | Seguences Hit | # of Tokens | Z5core | Matif
20z z0z & 1E300 [LMIIILY].  [ILMY]. ...
173 173 g 1EZ00 [ILY].2. 5,68, G.[FY]...

Patternfs found: 2
Basic | Hisrarchical * Exhaustive \Limits | PrafileHMM | Grauping Y Advanced |,

Dec, support (3e): |5 | Min. Support: |1IJ% |

Dec. density suppart: |U V| Min. Pattern Number:l |

By OCcUrence: |/ OCCUrence

By sequence: (| secuence

Figure 12-4 Exhaustive pattern discovery in progress, two non-overlapping results highlighted and
displayed in the Sequence component.
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12.3 Visualization of Pattern Discovery Results

Various aspects of selected motifs can be effectively displayed in the Sequence, Position
Histogram, and Promoter components in the Visual Area. This is applicable to all three of the
Discovery modes. To display the motifs in the Position Histogram as in Figure 12-5 select the
motifs as in Figure 12-2, press the Position Histogram tab, and press Plot Position. The same

motifs are displayed as in Sequence component shown above (Figure 12-4). Notice, each
motif is represented by a specific color and these colors are the same in both displays..

ke

oo Skep: ‘

—_

Plot Position | | Save Graph | | Filter | | abs/Rel || BvgfPeak || F‘airs| Fles: th,

Motif Location Histogram

325 -
30.0 -
27.5 - [ /
25.0 - =
225 ' |
20.0 A | ! |
17.5 1 il | |
15.0 - 4 | | |
125 | S fl
100 - -4 (| | LA
75 1 T T £ L | || [ /|
] -. L \ i | .l I. .-"III'- |I I| l I|| \ .-'JI'.
NN B SEEL v TR e E N
(o [ AN — : PN Va VAl . A . : i N | :
] 0 20 30 40 S50 B0 270 80 90 100 110 120 130 140 150
Position

Suppart

— [LMIILV]. LMV NDE][RK]G... LMK — [ILV].QL.G.GA.G.[FY][RK][ILMV]

Figure 12-5 Position Histogram

12.4 Component Visual Elements

This section describes the various visual elements of the Pattern Discovery component (see
the SPLLASH page at IBM for further details).

Display Area: this is where input datasets and search results are shown either in
graphical or textual representation.

Normal: this radio button implements Normal Pattern Discovery.
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Hierarc: this radio button implements Hierarchical analysis.

Exhaustive: this button implements Exhaustive analysis.

@ Execute: this command button brings up New Session dialog box to start Discovery.

@ Stop: this command button stops a search in progress.

(= (Load): this command button loads Discovery results from a local file.

Progress Bar: in the narrow band above the Display Area, an animated slider pulsates
back and forth as long as the search is ongoing.

The following are columns in the Sequence Discovery Table:
Hits: this is the total number of times a motif appears in a sequence dataset.

Sequences Hit: this is the total number of different sequences in which the motif is
found.

# of Tokens: this is the number of full-character tokens in the motif.

Iscore: this is a measure of how often the motif would be found in a random set of
sequences of the same size and composition as the project dataset.

Motif: this is a sequence of tokens, which may be full character or wildcard.

Periods (...) correspond to wild cards. Parentheses identify “either/or” tokens that
satisfy the BLOSUM matrix.

The following are elements in the pop-up menu, elicited by right-clicking on the
Discovery Table:

Mask Pattern: this menu item filters sequences containing selected motifs, so that
they are not re-discovered or displayed in the Sequence Panel when Discovery is
executed.

Unmask all Patterns: this menu item removes all the masks applied by Mask Pattern.

Save Patterns (Regex Only): this menu item saves the sequences of the motifs to a
local file.

Save Selected Patterns: this menu item saves selected motifs from the Discovery

Table to a local file. The saved table can be re-loaded into geWorkbench by
pressing the Load button

Save All Patterns: this menu item saves the complete Discovery Table to a local file.
The saved table can be re-loaded into geWorkbench by pressing the Load button

Add Patterns to Project: this menu item saves the results in the Discovery Table as a
node in the Project Folder.
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The following are visual elements in the Basic subpanel:
Basic: this tab opens a subpanel for defining motif parameters.

Support: this sets the minimum number or % of sequences in the set containing the
shared motif. Type in a % sign to indicate %, e.g. 80% or 80 sequences (no
percent sign).

Min. Tokens: sets the minimum number of density tokens in the density window.
Density window: is a window within the motif that counts tokens and wild cards.

Density tokens: are the full character tokens (not wildcards) in the density window.

The following are visual elements in the Hierarchical subpanel:
Hierarchical: this tab opens a subpanel for setting Hierarchical specific parameters,

Min. Cluster Size: this sets a lower limit to number of sequences that will be searched
for a shared motif.

Min. Pattern Number: this sets a lower limit to the number of sequences that must
contain a shared motif to be included in the hierarchy.

The following are parameters in the Exhaustive subpanel:

Dec support (%):this sets the size of intervals by which support level is decremented
in successive searches (default is 5).

Min Support: this sets the lower limit on the percentage of sequences that must
contain a specific motif (default is 10%).

Dec. density support: INACTIVE

Minimum Pattern Number: this sets a lower limit on the number of motifs in a cluster.
By occurrence: INACTIVE

By sequence: INACTIVE

The following are visual elements in the Limits subpanel:
Limits: this tab opens a subpanel for setting maximum pattern number and run time.
Max Pattern Number: this limits the number of patterns to discover.

Max Run Time (sec): this limits search time.
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The following are visual elements in the ProfileHMM subpanel:

ProfileHMM: this tab opens a subpanel for setting parameters for profile-hidden
Markov models (pHMMs).

Entropy Threshold: N/A
Conserved Region Extension: bases on either side of conserved region to be considered.

Sliding Window Size: bases considered in sequence being searched.

The following are visual elements in the Grouping subpanel:
Grouping: this tab opens a subpanel for setting Grouping parameters.
Type: feature is disabled.
Size: N/A

The following are visual elements in the Advanced subpanel:
Advanced: this tab opens a subpanel for setting Advanced parameters.
Exact Only: this check box, if unchecked, activates use of BLOSUM matrices.

Count sequences: this check box allows you to sort patterns by number of
occurrences, number of distinct sequences in which they occur, length, or Zscore.

IScore: calculate and use the ZScore (which is a measure of the statistical
significance) to filter patterns to display,

BLOSUMS50: this is the default substitution, or similarity, matrix used for polypeptide
motif discovery; others available in the scroll panel are BLOSUMI00 and BLOSUMI50

Similarity Threshold:. a measure of the stringency of the search.

Minimum IScore: minimum value of ZScore for pattern to be significant.

12.5 References

Califano A. SPLASH: structural pattern localization analysis by sequential histograms.
Bioinformatics 16:341-57 (2000).
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13 Promoter Analysis

13.1 Overview

The Promoter component scans one or more sequence profiles against nucleotide sequences that
the user has loaded into geWorbench. Motifs from the JASPAR database of transcription factor
binding sites are included with the component. Additional motifs can be added by the user.

The Promoter component will also display the results of hits found in the Pattern Discovery
component.

13.2 JASPAR CORE database

The promoter component of geWorkbench includes version 3.0 of the JASPAR CORE database
(http://jaspar.genereg.net/). It contains 138 curated, non-redundant profiles. These "profiles are
derived from published collections of experimentally defined transcription factor binding sites
for multi-cellular eukaryotes. The database represents a curated collection of target sequences”
(JASPAR Documentation).

The datafile used "MATRIX_ DATA. txt" can be found at
http://jaspar.genereg.net/html/DOWNLOAD/mvSQL/JASPAR CORE 2008/.

The profiles represent counts of how many times each of the four nucleotide bases occurs at a
particular position in the aligned promoter sequences.

13.3 Working with the Promoter graphical interface
13.3.1 Prerequisites

e To use the Promoter component, first check that it has been loaded in the Component
Configuration Manager.

e The Promoter component appears when a data node of type "sequence" has been loaded
in the Project Folders component.

e The Promoter component appears in the upper-right quadrant of geWorkbench, in the
"Visual Area".

13.3.2 Layout

The figure shows the display of profile "TBP:TATA-box:MAO0108" from the list of those
included in JASPAR. The main features of the component include

e The TF Mapping tab at left. This area allows profiles to be searched for and selected for
use in a sequence scan.

e The Logo, Parameters and Sequence tabs at right. These provide respectively visual
display of the profile, the parameters, and the scan results.

e Control buttons at bottom left to manage scans and results.
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TRAPZA: aP2:MADODS
TaAlabZIP:MADLZ

Selected TF $ o
UQ 5= AT =
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C 145 46 ] 10 i] i] 3 2 44 135 147 127 118 107 101
G 152 15 2 2 ] 1] 10 44 157 150 128 126 128 139 140
T 31 309 35 374 30 121 6 121 33 43 31 52 Gl 75 71
Scan Add TF Save
Retrieve Stop Display: @ Counts () Frequencies

Figure 13-1 - The Promoter component showing the Logo display.
Further details of each part of the component are provided below.

13.3.3 TF Mapping tab

13.3.3.i List of available transcription factors

TF list - The TF list contains the names of available transcription factor binding site sequence
profiles from JASPAR and those that have been loaded from files using Add TF. Double-click
on TF signatures in the TF list box (upper box) to add TF's to the Selected TF (lower box). This
lower list displays transcription factors which can be searched against the available genomic

sequences by clicking on Scan. Double-clicking on a TF name clears it from the Selected TF list
and returns it to the TF List.

Multiple profiles can be moved to the selected list for scanning.
e Search - Enter a portion of a TF name in the Search text box. The list scrolls to and

highlights the TF containing the text string. Click Find Next to highlight the TF

containing the text string. If nothing matches the text string, the entered text is changed to
red.

e Find Next - continue scanning the list for the next occurrence of the search string.
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13.3.3.ii Selected TF

This list contains the profiles that will be used in the next scan. Entries on the Selected TF list
can be moved back up to the "available TFs" list by again double-clicking on their entry.

Here the TATA-box entry has been moved to the selected list.

TF Mapping "'.
Search:| kata " Find Mext

SUCHYIPTITIG domain: Man0ss
TiT-BOx:MADOOS
TaL1-TCF3:bHLH:MADD21
TCF11-MafG:bZIP:MADNSS
TEADL:TEA:MADD0
TFAPZA:APZ:MADDOS
TGAla:bZIPiMADLZD

Selected TF
TEP: TATA-boe :MAD105

L b

RE

Scan add TF Save

Retrieve Skop

Figure 13-2 - Searching for transcription factor motif by name.

13.3.3.iii Controls

e Scan - Scans the sequences in the Selected TF list against the available genomic
sequences. If the Selected TF list is empty, the system displays an error message.

e Add TF - load a new profile from a file into the list of available profiles. This is not a
permanent addition; it remains loaded only for the current invocation of geWorkbench.
See the "Profile File Format" entry below for details.

e Save - Saves to file a list of hits by a profile to a nucleotide sequence, including the
sequence identifier, the transcription factor name and the start and stop points of the
match along the sequence, as shown here:

2il65508003
ATHB5:HOMEO-ZIP:MAO0110 2104 2113
ATHB5:HOMEO-ZIP:MAO0110 2115 2106
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ATHBS5:HOMEO-ZIP:MAO0110 2882 2891
ATHBS5:HOMEO-ZIP:MAO0110 2893 2884

e Retrieve - Not implemented.
e Stop - Stop the current scan.

13.3.3.iv Profile file format

A profile in the form of a count matrix can be loaded from an external file. The profile should
consist of a tab delimited series of counts, one for each position in the profile. It should could
four lines, in the order A, C, G, T. There are no header lines or row labels, just the numeric
matrix. For example, here is a profile showing the first six columns:

0120010
4902023345
037292454
0002500

Because the normalization step uses the count total (sequences aligned to generate the profile),
loading a frequency matrix is not currently supported.

13.3.4 The LOGO tab

13.3.4.i LOGO display

The LOGO display implements the method of Schneider and Stephens (1990) to display the
information at each position in a motif. Briefly, the total height of the column of letters at a
position shows the information available, on a scale of 0 to 2 bits (the information needed to
represent the 4 possible nucleotide bases at each position). The relative heights of each letter in a
column show their individual contribution to the information at that position.

The LOGO display in geWorkbench implements the "small sample correction" described by
Schneider, the magnitude of which depends on the number of sequences aligned to generate the
profile. The correction is subtracted from the calculated information content at each position,
with a minimum value (floor) of zero being displayed.

13.3.4.ii Table display

A table is used to show the numeric data from which the LOGO diagram is generated. The table
depicts each position in the profile as a column, and has a row for each of the four nucleotide
bases A, C, G and T. The user can choose to display the data either as the original counts or as
frequencies.

e Display: Counts or Frequencies
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13.3.5 The Parameters tab

Logo " Pararneters N'III Sequence ‘Ill.

Paramiers:
PYalue [ 1K: 0,05 |
[ ] Use The. | | ] 13K Set
Ikerations: | 10 |
Pseudocount; | 1.0 | [ sgrk(m)

Results:

Total hits Sequences with hits
Expected: 1] n
Actuals 1] 1]
Enrich. p-walue: 1.0 1.0
% with hits: 0%
5" hits 3" hits

Expected: 0 1]
Actual; 1] 1]

Figure 13-3 - The Promoter motif search parameters tab.

13.3.5.i Background sequence and scoring threshold determination

A background sequence is used to estimate an appropriate scoring threshold. This background
can be generated in two ways.

1. determine base composition of input sequence and from this generate random sequence.
(13K) - use a set of 13,000 promoter sequences as background.

e The length of background sequence scanned is given by 1000*Iterations/PValue.

e The threshold value is calculated by scanning the background sequence with the profile
and finding the top 100 scores. The 100th score is used as the threshold.

e (Calculated p-values are Bonferroni corrected and also corrected for duplicates in the list
of 100 top scores.
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e Positive and negative strands are scanned and values above threshold are reported.

13.3.5.ii Parameters

e PValue/ 1K -

e Use Thr. - Use threshold - if checked, use a user-input threshold rather than a calculated
threshold for scoring a match.

e 13K Set - If not checked (default), use the random background sequence described above.
If checked, use the 13K sequences as background.

e [terations -

e Pseudocount - a small-sample correction factor (default 1.0). See above description.

13.3.5.iii Results

13.3.5.1ii.1 Total hits and Sequences with hits

Total hits counts all hits regardless of how many times one sequence is hit.

e Expected - number of hits expected by chance.

e Actual - observed number of hits.

e Enrich. p-value - p-value for chance of getting this outcome by chance.
e 9% with hits

13.3.5.iii.2  5' hits and 3'hits

e Expected - Expected number of hits
e Actual - Actual number of hits.

13.3.6 The Sequence tab

Logo | Parameters ' Sequence "'.

Wiew: | Line - Show Patkerns Show TFs | Clear Al

2052 _at_chrl

b
Ll

F

|319E| TFAPZAAPZ: MA0005 31590, 3199 > l

£ BECECAGETTCCCTCECCACT BCACECT BE BETT CCCARCCC BEEEGLAGCCCARCTTTCCECCEE CTCOARCE c-;m:;n:ulyx't 3
3151 33ap1 3199 323

Figure 13-4 - Viewing motif hits on a seqeunce.
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The Sequence tab can display either a line or a full character representation of the sequence
which was searched against. Clicking on a position along the line or character representation will
cause that portion of the sequence to be displayed in the detail box at the bottom of the
component. This box also displays numbers representing position along the sequence, relative to
the start of that particular sequence (not its genomic location). Both the character and detail
views will show the location and extent of any profile match to the sequence.

If matches are found, the sequence will include blocks in various colors with solid arrows
indicating the match orientation (forward or reverse complement). Individual hits can be
identified by positioning the mouse pointer over them, which will display a tool tip. Clicking on
an area with a match will show it in the Sequence Detail at the bottom with the hits shown as
boxes around the characters.

The tooltip format is as follows: numeric position, Transcription Factor name <numeric position
of the first character of the pattern, numeric position of last matching pattern character>.

e View - Line or Full Sequence. Line represents the sequence as a simple line, with any
hits positioned along it. Full shows the entire sequence as characters.

e Show Patterns - display hits from Pattern Discovery (this is a separate component, not
part of the Promoter component). Implementation note - these hits are represented in the
"Active Patterns" data-structure.

e Show TFs - show hits from a search in this component. Implementation note - these hits
are represented in the "Active TFs" data-structure.

¢ Clear All - clear all hits from the sequence window (and from the associated data
structures). Note this will also clear the two adjacent check boxes. The relevant box must
be re-checked to see further results.

The full character display shows any hits in white with a red background, and a small red arrow
marks the start of the match and its direction.
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Loga ‘n,.F'arameters * Sequence \".

Yiew: |Full Sequence | [w| show Patterns [w] Showe TFs | Clear &l
CCCTGCACCCGTGC G CTCCC GG TG TCAAGG G TCTACTGTCCTATTGTCTTTATCCCAG
ToTGGAGTTGCCTCCTTTTCTTC T T TC T TG CO TCACAATATTCTGTGTTCGTCCCACTT
GEAAAGAARATCTGGCCCTCTTGCCCGRAGGAGTCTC TGO CGGT CAGCGCCTGCCTGTAGA
ACGJLGTCTGGCCTCTCRCGCCTAGTATCTAGMGTTCCGTTACGCGGCTGC
TCeCTTTCTCTGTCCGGC TG C TG TG CCTATATGCGCCCCGRGEGLGCCTTTGCCTGRAGT
CTTCCGTACTTTTCATACCC T GG CAGAGAGC CAGC GAGCCTTTTCATTTAATCTCTACTA
AGAGGCTCCTCCGC GG CAGGAAGCACCTGCTCCAGTCC GGG GCAGGTTCCCTCGCCACTG
CACGCTGCGGGTTCCCAGCCCMCTTTCCGCCGCCTCCMCCCGAGGLTG
CCCCCAGGCTCCTCC O GACCAGC CAGCCCAGGCCTGRAGGCCACTTCACACAGCCTCGGCC
GEGACCCTCTAGCTGGGL GGG TGLAGTGCCCTEGETCCCAAGTCGGTCTCCGCCTGCCGT GG
CETCCCTCCAAGGTTCCGECAAACCECC G TGO CCACCCTCGOCGCGGEECAGGAARATCCA
CEGAGGGTCCCCC TGO CTGTCGCCCTCG GG AAGEGCAGAGGTGCTCTACTGCCAGC TG

A CAA A CTCC AL A TCGEAACTGCCTCETCCGGGEETGEAGACAGGTGET
GTGGATTACCCCGCTCCGTGGTCTTCACGGGTCAGGGCCTEGCGCGCTCCGGCCCGLCGEE |

A

& CCTETAGAAC GAGT CTEGLCTCT CAC GECTAGTAT CTE CCCCEEGC/AGARGTT CLGTTACECGR B
2021 205@961 2967

Figure 13-5 - Viewing motif hits on the full sequence display

13.3.7 Implementation details

1. Each time that a transcription factor (TF) matching operation is run, the "Active TFs"
data structure is *¥AUGMENTED* with the results of the discovery operation (i.e.,
contents due to previous runs are maintained). The "Active TFs" data structure is not
affected by pattern discovery.

2. Each time that a Pattern Discovery analysis is run, the contents of the "active patterns"
structure are * REPLACED* with the results of the discovery operation (i.e., contents due
to previous runs are cleared).

13.4 Scan Implementation
13.4.1 Normalization and the Pseudocount

The count matrices are normalized to frequencies using an algorithm which includes a
"pseudocount” (see Nishida 2009). The pseudocount is a way to compensate for the effects of
small sample sizes in the original observations used to generate the profiles. Nishida et al.
studied how to determine an appropriate value for the pseudocount. They found that the optimal
values were independent of the sample size and were correlated with the entropy of the original
matrices. They say that this implies that the less-conserved the binding site, the larger a value
should be used for the pseudocount. They find that 0.8 is a good value "for practical uses". They
do not recommend use of the square root of the total count.

geWorkbench allows a pseudocount factor to be directly entered, or it can be selected to be the
square root of the total count of sequences used to generate the profile. Prior to geWorkbench
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1.8.0, setting the pseudocount to the square root of the total counts was directly coded and not
changeable. The current default is to set the pseudocount equal to 1.0.

The normalization forumula used in calculating frequencies is then, where b is the pseudocount,
and counts(i, j) is the observed count in a particular entry in the matrix,

freq(i, j) = (counts(i, j) + b/4) / (totalCounts + b).

The resulting frequency matrix is used in the subsequent scan.

Because the pseudocount is a settable parameter, the frequency matrix is recalculated for each
scan from the original counts.

13.4.2 Scoring

e (alculated p-values are Bonferroni corrected and also corrected for duplicates in the list
of 100 top scores found during the background scan.

e Positive and negative strands are scanned and values above threshold are reported.

13.5 Example: Running and viewing a scan
13.5.1 Prerequisites

The Promoter component is only available when a sequence has been loaded, either from disk or
for example using the Sequence Retriever component to obtain genomic sequence.

For this example, we will obtain upstream genomic sequence for CDH2, the N-Cadherin gene.
However, using the Sequence Retriever component requires that a microarray dataset and its
annotations be loaded. Here, we will use the JB-ccmp_0120.txt file, which is an Affymetrix HG-
U95Av2 MASS format text file and is part of the ggeWorkbench tutorial dataset.

The Affymetrix HG-U95Av2 annotation file can be obtain from the Affymetrix website. Please
see instructions on the geWorkbench FAQ.

1. In the Project Folders component, load the file JB-ccmp_0120.txt as type MASS5/GCOS.
2. When prompted, associate the HG-U95Av2 annotation file.

3. In the Markers component, search for the gene name "CDH2" using the Find Next button. On
this chip type, marker 2053_at represents the CDH2 gene.

4. You can double-click on the marker to add it to the default "Selection" set. Or you can right-
click on it and add it to a named set, such as "Cadherins". This is depicted below.

5. "Activate" (check the box next to) the set to which you added the marker.
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Matkers ‘l,l.ﬁ.rrays,l'Phenntypes "t

Search:|cdhz Find Mexk

AFFx-Murllz_at; (---) -—- -
AFFx-MurIL10_at: (T 0) interleukin 10
AFFx-MurIl4_at: (T4} interleukin 4
AFFX-MurFAS_at: (Fas) Fas (THF rece...
AFF-BioB-5_at: {--) ---
AFFE-BioB-1_at; (-1 ==
AFF-BioB-3_at: (--) --- =

Marker Sets
Default - " =]

(=

=1-[v| cadherins [1]

------ [ 2053_at: (COHZ) cadherin 2, byp

=

: I
Load Set " Load By Symbals |

Figure 13-6 - Example: Choosing a marker for obtaining genomic sequence

6. Any activated markers will appear in the Sequence Retriever component, as shown below.
7. Set the retrieval limits to 2000 base pairs up- and downstream from the transcription start site.

8. Make sure the retrieval type is set to DNA, UCSC (the Santa Cruz genome sequence
database).

9. Click "Get Sequence".
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Marker | Find & Marker ', Yiew: |Line
2053 _at: {COHZ) cadherin 2, type 1, N-cadhel

Include | Tame | Sequence Detail

2053_at_chr13_24011189] 4 |

l

‘ FCBEGTCGG-TCTCCG-CETGCCGTGG-G-GTCCCTCGB&GGTTGCGGGQ&AGGGGCGTGECC&ECCTCGCEGCGGGGC&GMTCCE >
3331 3371 3411

-| 2,000 |%|+| 2,000 I%” stop " clear || Get Sequence || Add To Project ||

Figure 13-7 - Example: Genomic sequence retrieval.

10. Once the sequence has been retrieved, check the box next to the sequence and then hit the
button "Add to Project". We now have the genomic sequence available for other components to
use.

Project Folders

ﬁ Workspace

=z Project
. ..... . JE-comp_0120.kxk
o cdhiz-2000updn

Figure 13-8 - Example: retrieved sequence in the Project Folder.

13.5.2 Running the scan

1. In the Promoter component, search for "ap2", which corresponds to transcription factor
activator protein 2 alpha.

2. Double-click on the TFAP2A entry to move it down to the search list.
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TF Mapping \'. Logao ‘\Parameters \Sequence \'.
Search:|ap2 | Find Next TRAPZA:AP2:MAODD3
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SOUAMADS: MADDS2
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e add TF Sevia T il 1] n] 46 43 19 11 13 19
Retrieve Stop Display: (® Counts () Frequencies

Figure 13-9 - Example: Selecting a motif for scanning.

3. Hit the "Scan" button. The result is displayed in the Sequence tab of the Promoter component

as shown here.

Prarnoker \Sequence Wiewer \

Done

TF Mapping \'. Logo \Parameters " Sequence \

SBarch:| apz

| Find Hext

(S| N Y S P L [ [ LS )
SPIE:ETS:MA00S1
SQUA:MADS: MAD0S:2
SRF:MADS MADDES
SRYiHMGE:MADDE4
STAT1:Stak:Ma01 37
S0l 7 HMGIMADDTS

View |Line

-

Show Patterns

| »

Show TFs | Clear all

T |

2053 ar chrl

Fl b
b L

Selected TF

TEAPZA:APZ:MADDOS

3can

Add TF

Save

Retrigse

Skop

B3l

891

{ llsaamamaummsc GTAC GTTAGG-CTCCC&AGG&?&G\GCGGCCCCCCTTCCCCAC CAT]

Figure 13-10 - Example: Display of scan results.
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4. Setting the View to Full Sequence shows the hits in white on the sequence. Red arrows
indicate whether the hit is to the forward (right arrow) or reverse (complementary) (left-arrow)
strand.

Logo \Parameters " Sequence \".

| Wiew: | Full Sequence | [w| Show Patterns [w] Show TFs | Clear &l
CoCTGCACCCGTGC G CTCCC GG TG TCAAGGGLTCTACTGTCCTATTGTCTTTATCCCAG
TeTGGAGT TGO TCCTTTTCTTC TTC T T TGO TCACAATATTCTGTGTTCGTCCCACTT
GEAAAGAARATCTGGCCCTCT TG CCGRAGGAGTCTCLGCCGGTCAGCGCCTGCCTGTAGA
RCGJLG-TCTGGCCTCTCRCGCCTAGT}LTCTAGMGTTCCGTTACGCGGCTGC
TCeCTTTCTCTGTEC GG TG C TG TGO TATATGCGCCCCGEGEEGCGCCTTTGCCTGRAGT
CTTCCGTACTT TTCATACCCTC GG GACGAGAGCCAGCGAGCCTTTTCATTTAATCTCTACTA
AGAGGCTCCTCCGC GG CAGGAAGCACCTGCTCCAGTCC GGG GLAGGTTCCCTCGCCACTG
CJ‘LCGCTGCGGGTTCCCJLG-CCCMCTTTCCGCCGCCTCCMCCCGAGGATG
CCCCCAGGCTCCTCCCGAC CAGCCAGC CCAGGCCTGRAGGCCACTTCACACAGCCTCGGLC
GEGACCCTCTAGCTGGGLGEGT GLAGTGCCCTEGGTCCCAAGTCGGTCTCCGLCTGCCGTGE
GETCCCTCGAAGGTTGCCEGAAAGCCCCGTGCCCACCCTCGOCGCGGEEGCAGGAAARTCCA
CEGAGGGTCCCCC TG C TG TCGCCCTC GG GG CAACECGCAGAGCTGCTCTACTGCCAGC TG

CAGC L GAA A CT GO CCACGCAGC TCGGAACTCCC TG TCCGEGEETGRAGACAGGTGET
GTGGATTACCCCGCTCCGTGGTCTTCACGGGTCAGGGCCTGECGCGETCCGGECCCGLCGEE |

. |

£ CCTGTAGRACGRGT CTGGLCTCT CACGLCTASTAT CTECCE CERECARGARGTTCCGTTACEC R B
2021 2058961 2967

Figure 13-11 - Example: Scan results in Full Sequence view.

5. The parameters tab displays the actual threshold values calculated during the run, and displays
the enrichment results.
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Logo ' Parameters ‘I,ISequence ‘I'l.

Paramters:
Pyalue [ 1K: b 1025 |
[ ] Use Thr. |6,651E-3 | [] 13K Set
Iterations: | 10 |
Pseudocount; |1.IZI | [ sagek{m)

Results:

Total hits Sequences with hits
Expected: 0, 4090 1]
Ackual: 2 1
Enrich. p-value: f,398E-2 1.0
%o with hits: 100%:
5" hits ¥ hits

Expected: 0.2045 0.2045
Ackual: 1 1

Figure 13-12 — Example: Statistics on the motif scan.
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14 Analysis of Variance (ANOVA)

14.1 Overview

The ANOVA (ANalysis of VAriance) algorithm (Zar, 1999) is used to determine whether
any significant difference in the means exist in a dataset composed of three or more
groups of experimental tests.

The geWorkbench ANOVA component implements a one-way analysis of variance
calculation derived from TIGR's MeV (MultiExperiment Viewer) (Saeed, 2003). At least
three groups of arrays must be specified by defining and activating them in the
Arrays/Phenotypes component. For each chosen marker the routine determines if, at the
specified level of significance, any difference in the mean exists in expression values
between any of the groups (the null hypothesis is that there is no difference between the
groups). Several basic methods of multiple testing correction are offered. The analysis
does not indicate between which groups the difference is found, only that one exists.

Those markers for which a significant difference is found are placed into a new set in the
Markers component called "Significant Genes". The results are also display as a heat map
in the Color Mosaic component.

14.2 Setting up an ANOVA run
14.2.1 Prerequisites

e To use the ANOVA routine, first check that it has been loaded in the Component

Configuration Manager.
¢ ANOVA is found in the list of loaded analysis routines in the lower-right

Commands quadrant of geWorkbench.
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Dataset Annotation \LDataset Hiskary \LExperiment Info * Analysis Panel "\Filtering \Normalization Panel \L

Anova Analysis =
ARACNE Analysis I
Hierarchical Clustering b

Parameters ‘\Services \Il.

P-Wfalue Estimation

Analysis Actions
P-Walue hased on | Analyze
P-value Threshold | Save Settings

P-value Corrections
i Justalpha ino correction)
i} Standard Bonferroni
) Adjiusted Bonferroni

False Discovery Control (permutations only)

[] &l Brrays [ Al Markers

Figure 14-1 - The ANOVA parameters tab.

14.2.2 ANOVA Parameters and Settings

14.2.2.1i P-Value Estimation

The P-value represents, for any one test (one marker), the probability of falsely rejecting
the null hypothesis - that is, calling a difference real when it is not. It is the probability
that an F-statistic a least as large as obtained would be occur under the null hypothesis of
no difference in means.

e P-value based on - Select one of two methods for calculating p-values:

o F-Distribution - The p-value will be calculated using the F-distribution.
The F-distribution arises from the ratio of the variances of two normally
distributed statistics (chi-squared distributions).

o Permutation - Permutations of the data will be used to generate a
distribution against which the significance of the observed difference is
judged. The number of desired permutations can be entered. The default
number of permutations is 100.

e P-value threshold - sets the value of alpha, the critical p-value, for judging
whether the null hypothesis can be rejected - that is, whether a difference is
regarded as significant.
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14.2.2.ii P-value corrections

Several methods for correcting for the effects of performing multiple tests are offered,
including Bonferroni and False Discovery Rate control. They differ in how they compare
the calculated p-value to the cutoff value of alpha - the critical p-value for determining
the significance of an observed difference.

¢ Just Alpha - No correction is performed.

e Standard Bonferroni - The cutoff value (alpha) is divided by the number of tests
(genes) before being compared with the calculated p-values.

¢ Adjusted Bonferroni - Similar to the Bonferroni correction, but for each
successive P-value in a list of p-values sorted in increasing order, the divisor for
alpha is decremented by one and then the result compared with the P-value. The
effect is to slightly reduce the stringency (increase the power) of the Bonferroni
correction. This is a step-down procedure.

e Westfall-Young Step-Down - (Dudoit, 2003) Another step-down procedure
which adjusts the critical value alpha using a more complex expression. (This
correction is only available when the permutation method is chosen for
calculating p-values).

14.2.2.iii False Discovery Control

(This correction is only available when the permutation method is chosen for calculating
p-values).

Rather than controlling the family-wise error rate (FWER) as do the Bonferroni
corrections, that is, the probability of even one false positive occurring in the multiple
trials, the false discovery rate calculation controls the rate of false positives. This can
result in increased power to detect true differences. See Korn, 2001 and Korn, 2004, if
one can accept more false positives. The number of false positives that is acceptable may
be an economic decision, based on how many follow-up tests can be performed.

The user must select a limit to the rate of false discoveries as follows and enter the cutoff
value in the adjacent text field:

e The number of false significant genes should not exceed - An upper limit on
the number of false positives (markers falsely called as showing a significant
difference), or

e The proportion of false significant genes should not exceed - An upper limit on
the proportion of false positives.

14.2.2.iv Analysis Actions

e Analyze - start the ANOVA analysis

e Save Settings, Delete Settings - The geWorkbench analysis framework provides
a standard method for saving one or more different sets of parameter settings per
each type of analysis component. Please see the Analysis Framework Tutorial for
further details.
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o Note - The False Discovery Control parameter fields will only have their
values saved if they are actually selected. As they are controlled by radio
buttons, only one text field can be active at one time, and hence only at
most one of those fields will be saved in any one parameter set.

14.3 Services (Grid)

ANOVA can be run either locally within geWorkbench, or remotely as a grid job on
caGrid. See the Grid Services section for further details on setting up a grid job.

14.4 Working with and Viewing ANOVA Results
14.4.1 Significant markers set

All markers which met the threshold p-value (alpha) cutoff are placed into the
"Significant Genes" set in the Markers component. Such sets of markers can be used as
the starting point for further characterization and analysis.

Markers ‘I,I.ﬁ.rrast'PhenDtypes "I.
a
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AFFX-MurFas_at: (Fas) Fas (THF rece. .,
AFF-BioB-5_at: (-1 -
AFF3-BinB-M_ak: (---) -
AFF3-BioB-3_at: (---) - —

ACEY Di-" O [ LY

Marker Sets

Diefault '" Mew
=

-] Selection [0]

B[] Significant Genes [1756]

Load Set " Load By Symbals

Figure 14-2 - Significant genes returned to the Marker Sets component.

14.4.2 The ANOVA result node in the Project Folders component

When the ANOVA calculation completes, the result node is placed in the Project Folders
component. When the result node is selected (highlighted) in the project panel, the results
will be displayed in both a tabular form and in the form of a heatmap in the Color Mosaic
component.
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Figure 14-3 - An ANOVA result node in the Project Folder.

Also shown is a "snapshot" node, that is a static picture of the heat map, labeled "Color
Mosaic View". It was produced by right-clicking on the Color Mosaic display (see
below) and selecting "Take Snapshot".

14.4.3 Color Mosaic Viewer

The Color Mosaic view displays the results as a heat map, which uses a color spectrum to
indicate the relative magnitudes of the expression measurements. The heat map is colored
using the currently selected color scheme (Menu->Tools->Preferences->Visualization). A
color bar at the bottom shows the range of the color display and its correlation with
expression values.

Columns represent individual arrays, and each row represents a marker. The arrays are
grouped by the array set to which they belong, with each set labeled at the top of the
picture. The markers are initially sorted in order of the calculated p-value, from smallest
to largest. The p-values are shown at right in the diagram. Further details are available in
the Color Mosaic tutorial.

The heat map depicted below was drawn using the "absolute" setting in the main Tools-
>Preferences->Visualization menu.
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Figure 14-4 - An ANOVA result displayed as a color mosaic.

14.4.4 Tabular Viewer

This Visual Area component displays a read-only spreadsheet view of the significant
genes sorted by p-value in ascending order (from most significant to least significant).

14.4.4.i Spreadsheet columns

e Marker Name - Shows the gene name if an annotation file has been loaded,
otherwise shows the probeset name.

o F-statistic - the raw ANOVA score for each marker.

e P-value - the probability of observing an F-statistic this large by chance alone,
assuming the null hypothesis of no actual differences between sets of arrays.

e Mean - the mean expression value for each group of arrays.

e Std - the standard deviation for each group of arrays.

14.4.4.ii Controls

o Display Preference - this button brings up a panel which controls which of the
columns to display. The choices, described in the previous section, are F-statistic,
p-value, mean, and standard deviation.

e Export - Click on Export in the lower left of the visualization to export this table
in .csv format. The export file will contain only the columns displayed.
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14.4.4.iii Further customizing the spreadsheet

Resize columns by using the mouse to drag column boundaries.
Reorder columns in the details pane by using the mouse to drag a column

heading to the left or right of its original position.

Sort the spreadsheet on a specific column by double clicking on its header.
Succesive clicks will toggle between ascending order and descending order.
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Figure 14-5 - ANOVA Tabular View: Choosing columns to display.

14.5 Dataset History

Details about each run are maintained in the Dataset History component. With the
ANOVA result node highlighted in the Project Folders component, the Dataset History

display includes the following information:

P Value estimation method

P Value threshold

Multiple testing correction method
Complete list of arrays in each group analyzed
Complete list of all markers analyzed.

14.6 Example of running ANOVA

This example uses the Bcell-100.exp dataset available in the data/public_data directory of
geWorkbench, and further described on the Download page. Briefly, this dataset is
composed of 100 Affymetrix HG-U95Av2 arrays on which various B-cell lines, both
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normal and cancerous, were analyzed. Thus it explores a potentially wide variety of
expression phenotypes.

14.6.1 Prerequisites

1.

(Optional) Obtain the annotation file for the HG-U95Av?2 array type from the
Affymetrix NetAffx website (http://www.affymetrix.com/analysis/index.affx).
The name will be similar to "HG_U95Av2.na29.annot.csv", where na29 is the
version number. Loading the annotation file associates gene names and other
information with the Affymetrix probeset IDs (see the geWorkbench FAQ for
details on obtaining these files).

14.6.2 Loading and preparing the example data

1.

2.
3.

Load the Bceell-100.exp dataset into geWorkbench as type "Affymetrix File
Matrix". (See Local Data Files).

When prompted, and if desired, load the annotation file.

For this example, the data was subjected to quantile normalization followed by
log2 normalization (See Filtering and Normalizing).

14.6.3 Choosing array groups

The Bcell-100 dataset comes with predefined sets of arrays.

1.

2.

In the Arrays/Phenotypes component (at lower left in the ggeWorkbench GUI),
choose the group in the pulldown menu called "Class".

Check the box beside each of the four sets of arrays to activate them as shown in
the figure below.
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Figure 14-6 — Example: Activating array sets for ANOVA.

14.6.4 Setting up the parameters and starting ANOVA

For this example we will apply a relatively stringent multiple testing correction.

b

Push the Analyze button.

Leave the P-value method set to F-distribution.
Set the P-Value Threshold (alpha) to 0.01.
For the P-value correction choose Standard Bonferroni.
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Figure 14-7 — Example: Setting parameters for an ANOVA run.

14.6.5 Results

The result of running ANOVA is a list of markers which meet the specified significance
criteria. These markers are placed into a new set in the Markers component called
"Significant Genes". The results are also displayed in visual components as detailed
above for the Tabular Viewer and the Color Mosaic Viewer (Viewing ANOVA Results).
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15 ARACNe

15.1 Overview

ARACNe (Algorithm for the Reconstruction of Accurate Cellular Networks) (Basso et al.
2005; Margolin, Nemenman et al. 2006) is an information-theoretic algorithm used to
identify transcriptional interactions between gene products using microarray expression
profile data. The resulting network is displayed using the Cytoscape component.
ARACNe can be used to predict potential functional associations among genes, or to
predict novel functions for uncharacterized genes, by identifying statistical dependencies
between genes. The results take the form of a matrix of candidate interactions, also called
an adjacency matrix, which can be used for further network visualization and analysis.
ARACNe has been used to reconstruct networks in mammalian cells through appropriate
choice of dataset.

ARACNe performs best with a dataset containing data from 100 to 300 microarrays (see
Margolin, Wang et al. 2006) and representing a number of different states of the same
cellular system - for example, cells lines of varying phenotype, or cells subjected to a
variety of experimental perturbations. Initial work with ARACNe was performed using a
large collection (about 340) of B-cell lines of various phenotypes (Basso et al. 2005). A
subset of this dataset, derived from 100 arrays, is included with geWorkbench (Bcell-
100.exp).

ARACNEe can perform two separate calculations:

1. Mutual Information: The mutual information (MI) of one or more marker's
expression profile(s) is calculated against all other active markers.

2. Data Processing Inequality (DPI): The DPI calculation (triangle inequality) is
used to remove the weakest interaction (edge) between any three markers. That is,
if a MI value is available between each of three possible pairings of three
markers, the weakest interaction of the three will be removed from the output.
This has the intent of removing indirect interactions. For example, if A->B->C,
the interaction A->C will likely be weaker than A->B or B->C and would be
removed. A tolerance can be set which relaxes this screening to account for
uncertainty in the MI calculation.

Parameters described below allow one to incorporate a list of putative transcription
factors and optimize the run to discover targets that they may regulate.

Starting with geWorkbench release 1.7.0, a new version of ARACNe, ARACNe?2, is used
that supports two important new features.

1. Algorithm - A new algorithm, termed "Adaptive Partioning", which is both much
faster and more sensitive, is supported.

2. Mode - The user can choose to custom-calculate optimal run parameters for a
given dataset.
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Further information on ARACNe is available in the References section below.

15.2 Setting up an ARACNe run
15.2.1 Prerequisites

e To use the ARACNe routine, first check that it has been loaded in the Component
Configuration Manager.

¢ ARACNe is found in the list of available analysis routines in the lower-right
Commands quadrant of geWorkbench.

¢ A microarray dataset of sufficient size and phenotypic diversity is needed (See the
Overview, above).

¢ Load the microarray dataset into the Project Folders component. If available,
associate a gene annotation file with the dataset. This will allow the results to be
displayed in consolidated fashion in Cytoscape by gene rather than by marker
(individual probeset) name.

15.2.2 Parameters and Settings
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Figure 15-1 - ARACNe parameters

15.2.2.i Algorithms

Two algorithms are offered with which to calculate the pairwise mutual information
between markers:

e Adaptive Partitioning (default) - should generally be used for all new
calculations.

e Fixed Bandwidth - previous, slower algorithm using a fixed Gaussian kernel.

15.2.2.i.1 Adaptive Partitioning
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Adaptive Partitioning was added with the incorporation of the ARACNe2 code into
geWorkbench ( as of version 1.7.0). Adaptive Partitioning is much faster than the original
Fixed Bandwidth method, and is also considered to produce superior results. Adaptive
Partitioning is now the recommended algorithm for all purposes. Unlike the Fixed
Bandwidth method, it does not used a fixed kernel-width when calculating the MI.

15.2.2.i.2 Fixed Bandwidth

Fixed Bandwidth was the original algorithm used in ARACNe and is included for
compatibility with previous releases. This method uses a kernel-width parameter for a
Gaussian function used to calculate the MI.

15.2.2.ii Mode

Used to control the calculation and use of runtime parameters from the input dataset.

e PREPROCESSING - calculates the required parameters and writes them to
parameter files.

e DISCOVERY - The ARACNe mutual information calculation is run. Uses pre-
calculated parameter files as needed if they are present.

e COMPLETE - Preprocessing and Discovery runs are combined into a single
step.

15.2.2.i1.1 PREPROCESSING

In this mode, runtime parameters are calculated, but no MI calculation is performed.
Preprocessing for a given combination of dataset and algorithm need be run only once.
The results are written to one or two files in the ggeWorkbench root directory. The names
used for these files incorporate both the name of the dataset and the name of the
algorithm, and thus are specific to the particular combination. Each time ARACNe is run
in Discovery mode, it will look for the dataset-specific parameter files in its root
directory. If the files are not found (Preprocessing has not been run), default parameter
values will be used.

e Fixed Bandwidth (FBW) algorithm - two files are written to the geWorkbench
root directory, one containing parameters for calculating the kernel width, and the
other containing parameters for calculating a MI threshold from a specified P-
value.

e Adaptive Partitioning (AP) algorithm - only the parameter file for calculating a
MI threshold from a specified P-value is written. No kernel-width parameter is
used.

15.2.2.ii.2 Preprocessing files included with geWorkbench

Preprocessing as described above was run on the Bcell-100.exp dataset included with
geWorkbench. The resulting ARACNe parameter files are also included in the
geWorkbench root directory. They will be used by default when the Bcell-100.exp
dataset is used in tutorials. Note that if you rerun the preprocessing step, the relevant
file(s) will be overwritten.
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The parameter files included in geWorkbench are:

e Bcell-100.exp_ARACNe_AP_threshold.txt - Adaptive Partitioning, Pvalue-to-MI
threshold conversion parameters.

e Bcell-100.exp_ARACNe_FBW_kernel.txt - Fixed Bandwidth, kernel width
calculation parameters.

e Becell-100.exp_ARACNe_FBW_threshold.txt - Fixed Bandwidth, Pvalue-to-MI
threshold conversion parameters.

15.2.2.ii.3 DISCOVERY

The ARACNe mutual information and the DPI (if selected) calculations are run. If

dataset-specific parameter files are present, they will be used as needed (based on settings
selected for Kernel Width and Threshold).

15.2.2.ii.4 COMPLETE

A preprocessing run will be performed followed immediately by a Discovery run. The
dataset-specific parameter files created during the Preprocssing step will be used if
needed (based on settings selected for Kernel Width and Threshold).

15.2.2.ii.5 When is preprocessing not needed?

The preprocessing step can be time consuming. If you are for example using Adaptive
Partioning, and decide you do not need to specify a p-value threshold for accepting edges,
then you can just set a MI value as the threshold and proceed directly to Discovery mode.
This will however make interpreting results more difficult.

If ARACNe does not find the dataset-specific parameter files it needs as described above,
it will use by default parameters calculated from the B-cell dataset (see Margolin et al.,
2006).

15.2.2.iii Hub Marker(s)

Specifies which gene markers will be treated as "hubs" in the ARACNE mutual
information (MI) calculation. The mutual information is calculated for each specified hub
marker against all other markers in the submitted dataset. For many uses, it is suggested
to use a defined list of known transcription factors as hub markers, rather than using the
"All-vs-All" setting.

e All vs All - The MI of every pair of markers in the dataset is computed, that is,
each is used as a hub.

e From Sets - allows a set of markers defined in the Markers component to be
chosen from a pulldown menu. Alternatively, the user can type in the names of
desired markers directly as a comma separated list.

¢ From File - allows a comma-separated list of markers to be read in from a file by
clicking Load Markers..

15.2.2.iii. 1 Hub marker(s) must appear in active marker set
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If a set of markers is activated in the Markers component, rather than using all markers,
then the chosen hub marker(s)must also be included in an active set. If the hub marker is
missing from the active sets, then an error dialog will be displayed. In the below picture,
the marker 1973_s_at was entered into the hub field without being part of a subset of
markers that had been activated:

Invalid Input Data &J

o Couldn't Find marker 1973 _s_at specified as hub gene in microarray sek,

15.2.2.iv Threshold Type

This drop-down specifies the type of threshold to be used and can take the values
“Mutual Info” or “P-value”. The actual value entered into the adjacent text area is always
a number between 0 and 1.

15.2.2.v Kernel width

The Kernel width is a scaling parameter used for fitting a Gaussian function to the data
when running the FIXED_BANDWIDTH algorithm only, otherwise this field is disabled.
If used, the value can be either inferred or specified directly.

e Inferred: If PREPROCESSING has been run on the dataset (mode is set to
PREPROCESSING or COMPLETE), the kernel width is calculated directly from
those results. If PREPROCESSING has not been run, the kernel width is inferred
based on parameters fitted to a large B-cell dataset (Margolin et al, 2006),
extrapolated for the number of samples in the dataset being tested.

e Specify: The user can enter a value for the kernel width directly, e.g. based on a
prior calculation with this dataset.

15.2.2.vi DPI Tolerance

The Data Processing Inequality (triangle inequality)can be used to remove the effects of
indirect interactions, e.g. if TF1->TF2->Target, DPI can be used to remove the indirect
action of TF1 on the target. Stated another way, the DPI can be used to remove the
weakest interaction of those between any three markers. The DPI tolerance specifies the
degree of sampling error to be accepted, as with a finite sample size an exact value MI
can not be calculated. The higher the tolerance specified, the fewer the edges that will be
removed.

e Do Not Apply - Do not use the DPL

e Apply - DPIis applied using the threshold value (between 0.0 and 1.0) specified
in the adjacent text field. The higher the threshold, the weaker the screening and
the more edges will be included in the final output.
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15.2.2.vii DPI Target List

The DPI target list can be used to limit the ARACNE calculation to transcriptional
networks. It is used to screen out spurious regulatory interaction signals of genes that are
tightly co-expressed but are not in a regulatory relationship to each other, for example
genes for two proteins that are in a physical complex and hence always produced in the
same amounts. A comma-separated list can be typed in, or it can be loaded from an
external file. If used, the DPI Target List should contain all markers that are annotated as
transcription factors. Signaling proteins could also be included.

e Details: If the box is checked, the user selects and loads a file which specifies
markers (which should be a list of one or more presumptive transcription factors)
which will be given preferential treatment during the DPI edge-removal step.
Edges originating from markers on this list will not be removed by edges
originating from markers not on this list. However, for DPI calculations where all
three markers are members of the list, the weakest connecting edge may still be
removed.

15.2.2.viii Bootstrapping

Bootstrap analysis can be used to generate a more reliable estimate of statistical
significance for the interactions. Please see Margolin et al. 2006, Nature Protocols, Vol 1,
No. 2, pg. 663-672 for further details (full reference below). Briefly, repeated runs of
ARACNE are made, with arrays drawn at random from the full dataset with replacement.
The same number of arrays is drawn each time as is present in the original dataset. A
permutation test is then used to obtain a null distribution, against which the statistical
significance of support for each network edge connection (interaction) can be measured.

¢ Bootstrap number: Specifies the number of bootstrapping runs to perform.

¢ Consensus threshold (for bootstrapping only): After the bootstrapping runs are
made, a permutation test is used to estimate the significance of interactions. The
consensus threshold sets the cutoff point for calling the interactions significant
and returning them in the final adjancency matrix

15.2.2.ix Array and Marker Set Overrides

o All Markers: checking this box overrides any activated marker set in the Markers
component.

e All Arrays: checking this box overrides any activated array set in the
Arrays/Phenotypes component.

15.2.2.x Analysis Actions
e Analyze - start the ARACNe analysis

e Save Settings, Delete Settings - The geWorkbench analysis framework provides
a standard method for saving one or more different sets of parameter settings per
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each type of analysis component. Please see the Analysis Framework Tutorial for
further details.

15.3 Services (Local vs Grid)

ARACNe can be run either locally within geWorkbench, or remotely as a grid job on
caGrid. See the Grid Services section for further details on setting up a grid job.

15.3.1 Special Note on running in PREPROCESSING mode on caGRID

When ARACNew is run in PREPROCESSING mode on a grid node, it writes the
parameter files to its execution directory on the grid node and exits. No file is returned to
geWorkbench. As currently implemented, the ARACNe server detects the lack of a file to
return (normally it returns an adjacency matrix) and reports an error. This error can
simply be ignored. If ARACNe2 is run in COMPLETE or DISCOVERY mode this error
will not occur because both return adjacency matrices.

15.4 Viewing ARACNe results

e The result of an ARACNe run is an "adjacency matrix". it contains the mutual
information value for each pair of markers which exceeded the specified MI
threshold. The adjacency matrix is placed into the Project Folders component as a
child of the dataset that was analyzed.

e The adjacency matrix can be visualized automatically in the Cytoscape
component, as shown below.
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Figure 15-2 - An ARACNe-generated adjacency matrix displayed in the Cytoscape component.

The integration between Cytoscape and geWorkbench allows for two-way interactions

between them:

1. Nodes selected in Cytoscape appear in the Marker Sets component in the set
"Cytoscape selection".

Any set of markers in the Marker Sets component can be projected onto the

Cytoscape display, which will cause any matching nodes there to be highlighted.

This interaction is demonstrated further on the Cytoscape tutorial page.

The Cytoscape Viewer maintains a list of networks which it has currently loaded. It
allows individual loaded networks to be deleted. However, the network can be reloaded
by clicking on its entry in the Project Folders component. Cytoscape controls are more
fully described in the Cytoscape component tutorial.
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15.5 Dataset History

Details about each run are maintained in the Dataset History component. With the
ARACNe result node highlighted in the Project Folders component, the Dataset History
display includes the following information:

Input file name

Output file name

Algorithm

Mode

No. bins

MI threshold

MI threshold calculated from P-Value - If supplied, the p-value used to set the MI
threshold.

DPI tolerance

Hub markers

A listing of the microarrays used.
A listing of the markers used.

15.6 Example of running ARACNe

This example uses the Bcell-100.exp dataset available in the data/public_data directory of
geWorkbench, and further described on the Download page. Briefly, this dataset is
composed of 100 Affymetrix HG-U95Av2 arrays on which various B-cell lines, both
normal and cancerous, were analyzed. Thus it explores a potentially wide variety of
expression phenotypes.

15.6.1 Prerequisites

1. (Optional) Obtain the annotation file for the HG-U95Av2 array type from the
Affymetrix NetAffx website (http://www.affymetrix.com/analysis/index.affx).
The name will be similar to "HG_U95Av2.na29.annot.csv", where na29 is the
version number. Loading the annotation file associates gene names and other
information with the Affymetrix probeset IDs (see the geWorkbench FAQ for
details on obtaining these files).

15.6.2 Loading the example data

1. Load the Bceell-100.exp dataset into geWorkbench as type "Affymetrix File
Matrix". (See Local Data Files).

2. When prompted, and if desired, load the annotation file.

3. In the Marker Sets component, load the file "70_TFs_from_HG-
U95Av2.na28.csv" (Load Set button). This file is included in the geWorkbench
tutorial data.
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Figure 15-3 — Example: Loading a set of hub markers in the Markers component.

15.6.3 Setting up the parameters and starting ARACNe
1. In the geWorkbench commands area, select the "ARACNe" analysis.
2. Set up the ARACNe parameters as shown

e Hub Markers: From Sets - Choose the set of 70 loaded above
"70_TFs_from_HG-U95Av2.na28".

e Threshold: Mutual Info - Set value of 0.5.

e Algorithm: Adaptive Partitioning.

e Mode: Discovery

e DPI Tolerance: Do Not Apply
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Figure 15-4 — Example: Setting the ARACNe parameters for a Discovery mode run.

3. Press the "Analyze" button to launch the job. On a current generation desktop machine
expect this example to run for several minutes.

4. The resulting network is the one depicted above in the "Viewing ARACNe results"
section.
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16 Using caGRID Analytical Services

16.1 Overview

In cooperation with caBIG(R), the National Cancer Institute's Cancer Biomedical
Informatics Grid program, a number of the geWorkbench analysis components have also
been adapted to run as services on caGrid, the primary infrastructure component of
caBIG. In accordance with caBIG principles, each has a well-defined object design and a
public application programming interface (API) via which data can be exchanged.
Annotations describing each service, object and parameter are stored in the caDSR (NCI's
Cancer Data Standards Repository), using standard vocabulary terms available from the
Enterprise Vocabulary Services (EVS).

Some services are implemented only remotely, such as Mark-Us, where the grid
component serves as an interface to a web service.

Each geWorkbench analysis component that has an associated grid service will show a
Services tab in the Analysis framework, adjacent to the Parameters tab.

16.2 Services tab

Cakaset Annokation "n,.Dataset Hiskory "nLExperiment Info " Analysis Panel ‘I,IFiII:ering "-LNDrmaIizatil:nn Panel ‘I'L

Anova Analysis -
ARACKHE Analysis
Hierarchical Cluskering -

Parameters * Setvices \".

i Local (0 Grid  Change Index Service  Change Dispatcher
e

arid Service URL  Research Cenker Mame  Description

[Service Details

Figure 16-1 - The Grid Services tab in the Analysis Panel.

16.2.1 Local/Grid

Selects whether to run the analysis locally (within geWorkbench on the desktop) or on
the grid.
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16.2.2 Change Index Service

Index Services maintain lists of available grid services. geWorkbench is delivered with
the URL of a Columbia Index Service preconfigured, which provides access to
demonstration grid service implementations.

16.2.3 Change Dispatcher

The Dispatcher is a geWorkbench server-side component which provides connectivity
between geWorkbench and caGrid. geWorkbench is delivered with the URL of a
Columbia Dispatcher Service preconfigured.

16.2.4 Grid Services

SOM Analysis
WM Analysis 3.0
L Test Analysis

Parameters * Services "'.

) Local e Grid  Change Index Service  Change Dispatcher
s

Grid Service LURL Research Center Mame  Description

IID http:/fcagridnode . c2b2. columbia.edu: 3080w 1. 7. 0fwsrf fservices/cagridfSomClustering  SomiClustering Anlaysis  unavailable

Service Details

Figure 16-2 - Example of finding a grid service for SOM.

When the Grid Services button is pushed, the list of available services of the desired type
will be retrieved from the specified index service. The list will appear in the area below,
with each available service preceeded by a radio button by means of which it can be

selected.
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16.2.5 Service Details

SOM Analysis
SWM Analysis 3.0
b Test Analysis

s .
Parameters * Services \'.

) Local  marid  Change Index Service  Change Dispatcher

e
arid Service LRL Research Center Mame  Descripkion

@ http:ficagridnode, c2bz, columbia, edu: 5080/ 1, 7 .0fwstfservices cagrid/SomClustering  SomClustering Anlaysis  unavailable

[Service Details
LRL: http:ffcagridnode. c2bz. columbia. edu: G080, 1. 7. 0fwsrf fservices/cagridSomClustering
Research Center Mame: SomClustering Anlaysis

Figure 16-3 - Selecting a grid service and display of service details.

Once a particular grid service has been selected (via its radio button), the details of the
service will be displayed in the lower window.

16.3 Running a grid job

1. On the Services tab, select grid. 2. If needed, choose an appropriate Index service
and/or Dispatcher service. 3. Push the Grid Services button 4. Once the grid service has
been chosen, return to the Parameters tab, and when ready, push the Analyze button.

A dialog will appear asking for a Username and Password. If you possess the appropriate
credentials for the service you have selected, enter them here and push OK.

(& S
username ||
password

| ik, || Cancel |

Figure 16-4 - Grid credentials (username/password) entry.

A message will indicate that the job is being submitted.
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Figure 16-5 - Grid service job progress bar.

While the job is running, a node marked "Pending" will be placed in the Project Folders
component, preceeded by an hourglass icon. Note that the progress bar that appears when
analyses are run locally within geWorkbench will not appear for grid jobs.

Project Folders

ﬁ Workspace
=== Projeck
El. Brell-100,exp

i SOM Analysis (pending)

e

Figure 16-6 - Pending grid job node in Project Folder.

16.4 Further aspects of running grid jobs

1. The grid job, once started, is independent of geWorkbench. The dispatcher
component cooperates with geWorkbench to track job status. A geWorkbench
workspace containing running grid jobs can be saved and later restored. At the
time that the saved workspace is reloaded, geWorkbench will resume monitoring
the job for completion, and retrieve the finished results if available.

2. Once a grid job has been started, its execution cannot be canceled from within
geWorkbench. However, the "pending" node can be removed from the Project
Folders component. In this case, geWorkbench will not receive any results when
the calculation actually completes.
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17 Cytoscape

17.1 Overview
This tutorial includes new functionality specific to ggWorkbench version 1.7.0.

Cytoscape (www.cytoscape.org) is a sophisticated network and pathway visualization
tool that has been incorporated into ggeWorkbench as a component. Within geWorkbench,
Cytoscape is used to depict putative interaction networks, for example as created from
running ARACNe or a Cellular Network Knowledgebase query. Both of these tools
return "adjacency matrices"”, that is, interaction networks, to the Project folders
component. Currently, Cytoscape version 2.4.7 used in geWorkbench.

Cytoscape has been integrated into geWorkbench in such a way that it can communicate
in both directions with the Markers component.

1. Nodes in a Cytoscape network can be selected individually or by drawing a
selection box around them. This will result in the selected nodes being placed into
the "Cytoscape selection" set in the Markers component.

2. A set of markers in the Markers component can be labeled with the "tag for
visualization" property, which will project that set onto the network depicted in
Cytoscape. Those markers in the intersection of the tagged set and the network
display will be highlighted in yellow.

The use of Cytoscape and its interactions with geWorkbench are described in the
following sections. First we will describe the layout of the Cytoscape graphical interface.
The network diagram depicted was calculated using ARACNe in the ARACNe tutorial.

17.2 Layout of the Cytoscape component

The Cytoscape component has 4 main areas:
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Figure 17-1 - The Cytoscape component in geWorkbench.

1. Atupper left is a list of networks that have been loaded into Cytoscape, showing
the network name, and the number of nodes and edges. in addition, the numbers
in parentheses show the numbers of nodes and edges which have been highlighted
(selected) in the network depiction.

2. At upper right is the main network depiction pane. Gene or protein
symbols/names will be depicted if available. However, if for example an
Affymetrix microarray dataset was read in but no annotation file was associated
with it, then only probeset names would appear. Nodes which have been selected
are depicted in yellow and are returned to the "Cytoscape selection" set in the
Markers component. Edges which have been selected are depicted in red.

3. Atlower left is a navigation tool, which shows the entire network and a
representation (purple rectangle) of where the viewing pane described above is
situated. The purple viewing pane can be moved by using the mouse to visualize
different parts of the network as desired. This is done by left-clicking with the
mouse in the purple rectangle and moving it.

4. Atlower right is a list of selected nodes.
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17.3 Selecting nodes in Cytoscape

¢ Individual nodes and/or edges can be selected in Cytoscape by clicking on them
with the mouse.

e To select multiple nodes or edges, hold down the Shift key while making the
selection.

e Alternatively, a selection box can be drawn around both nodes and edges by left-
clicking in the network diagram and selecting the desired targets.

The figure below shows three nodes selected.

)

T

Figure 17-2 - Selecting individual nodes.

The result from selecting the three nodes above is transferred to the Cytoscape selection
set in the Markers component. Note that four probesets are hit by the three genes
selected, as a gene may be represented by multiple probesets.
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Figure 17-3 - Selected nodes returned to a Marker Set.

If a selection box is drawn on the network with the mouse, both nodes and edges will be
selected as shown below:
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Figure 17-4 — Selection of nodes and edges using a selection box.

D |

17.4 Set operations on networks

As described in the previous section, multiple gene nodes can be selected by holding
down the Shift key while left-clicking on each desire node in turn. While the multiple
nodes are selected, one can right-click, which will produce a pop-up menu. This menu
allows one to choose the set of genes which are either the UNION or INTERSECTION
of the those connected directly to the selected nodes.
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Figure 17-5 - Set operations on nodes selected in Cytoscape.

The genes selected in this way are returned to the Markers component in a set called
"Cytoscape Selection". For each gene included in the UNION or INTERSECTION, there
may be more than one marker associated with it. If so, all markers belonging to a
particular gene will be returned to to the Markers component "Cytoscape Selection" set.

17.5 Projecting marker sets onto Cytoscape

The diagram below illustrates projecting a set defined in the Markers component back
onto the Cytoscape network diagram. In this case, the set of transcription factors
originally used in the ARACNe run is labeled with "tag for visualization" by right-
clicking on it and selecting this menu option.

Matker Sets
Drefault v" Mew
=
~[] Selection [0]
[ -[[] F0_TFs_fp==stieiorans o ann r2a]
&[] Cytoscap Rename
Copy
Activate
Deactivate
Mew Set
Delete
Combine b
Prink
Wisual Properties
Sawe
Load Set " Taq For visualization
_— e

Figure 17-6 - Projecting a marker set into Cytoscape

Three nodes are highlighted in the diagram.
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Figure 17-7 - Three genes from the projected set are present in the displayed network.

Note that a marker can potentially be associated with more than one gene. If so, when
tagged for visualization, each gene associated with the marker, if present in Cytoscape,
would be highlighted.

17.6 Altering the view in Cytoscape

The use of the sliding viewpane at lower left to navigate about the main drawn network
has already been mentioned - it can be grabbed and moved by left-clicking on it with the
mouse.

There are several more controls arrayed about the lower edge of the Cytoscape
component. These include four magnifying glass icons:

e "minus" - zoom out.

e '"plus" - zoom in.

e '"open" - zoom to display selected region.

e "1:1" - zoom out to display all of current network.

In the image below, the view has been zoomed in:
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Figure 17-8 - Zooming in on a Cytoscape network view.

17.7 Network commands

Right-clicking on a listed network in Cytoscape will bring up a menu with the following
choices:
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Figure 17-9 - Cytoscape network commands.
17.7.1 Edit Network Title
Edit the title of the network.
17.7.2 Create View
Recreate the network graphics.
17.7.3 Destroy View
Remove the network graphics. |
17.7.4 Destroy Network

Completely remove the network from Cytoscape. Note that this does not remove the
netowrk adjacency matrix from the geWorkbench Project Folders component. The
network can be recreated in Cytoscape by clicking on the appropriate adjacency matrix in
the Project Folders component.
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Appendix A. Error Messages/Indicators
and Problem Resolutions

Why is the desired
caGRID service not
available?

After running a
large local
calculation, my
Windows computer
seems slow.

How do I increase
the memory
allocated to
geWorkbench?

Where else can I
look for help?

Until services are installed in an official caBIG index service, their
availability may vary.

There are apparently some problems, at least with Windows XP, if the
operating system is pushed into swapping — that is, some of the
contents of memory are written to disk. Even after geWorkbench has
been exited, the slow behavior may persist. In extreme cases, simply
reboot the computer. We recommend running geWorkbench in a
computer with at least 1 GB of memory, while 2 GB or more will greatly
increase the size of calculations possible.

There is a file in the geWorkbench root directory called UlLauncher.lax.
There is a line there which specifies the Java heap size:

lax.nl.java.option.java.heap.size.max=640678989

Here it is shown set to about 640 MB. You can experiment with
increasing this, subject to the amount of memory in your machine and
demands on it from other applications.

(Note — this method applies to the packaged distribution version of
geWorkbench)

Please see the main
http://www.geworkbench.org/.
following sections:

geWorkbench website at
Of particular interest will be the

1. FAQs

2. Known Issues

3. Tutorials
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Appendix B. Glossary

Following is a list of terms and their definitions.

Term Definition
API Application Programming Interface
caArray cancer Array Informatics
caBIG cancer Biomedical Informatics Grid
caBIO Cancer Bioinformatics Infrastructure Objects
caCORE cancer Common Ontologic Representation Environment
caDSR Cancer Data Standards Repository
caMOD Cancer Models Database
CDE Common Data Element
CGAP Cancer Genome Anatomy Project
CMAP Cancer Molecular Analysis Project
CVS Concurrent Versions System
EVS Enterprise Vocabulary Services
GUI Graphical User Interface
HTTP Hypertext Transfer Protocol
JAR Java Archive
Javadoc Tool for generating APl documentation in HTML format from doc comments
in source code (http://java.sun.com/j2se/javadoc/)
MAGE MicroArray Gene Expression
MAGE-OM MicroArray Gene Expression - Object Model
MGED Microarray Gene Expression Data
MO MGED Ontology
NCI National Cancer Institute
NCICB National Cancer Institute Center for Bioinformatics
SDK Software Development Kit
SQL Structured Query Language
ul User Interface
URL Uniform Resource Locators
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