ArrayTrack 3.1.5 User’s Manual (8/22/2005)

User’s Manual

Version 3.1.5

Center for Toxicoinformatics
National Center of Toxicological Research
U.S. Food and Drug Administration



ArrayTrack 3.1.5 User’s Manual (8/22/2005)

ArrayTrack ;;;

User’'s Manual

An Integrated Software System for the Support of Toxicogenomics Research through
Managing, Mining, Visualizing, and Interpreting DNA Microarray Gene Expression Data

Center for Toxicoinformatics
National Center for Toxicological Research
U.S. Food and Drug Administration
3900 NCTR Road
Jefferson, Arkansas 72079
U.S.A.

Te: +1-870-543-7142, +1-870-543-7387
Fax: +1-870-543-7662
NCTRBiIoinformaticsSupport@nctr.fda.gov
Weida.Tong@fda.hhs.gov
http://edkb.fda.gov/webstart/arraytrack/

August 1st, 2005




ArrayTrack 3.1.5 User’s Manual (8/22/2005) | Array 7~

Notice

ArrayTrack software is constantly evolving with both major and minor features,

improvements, and inevitable bug fixes. This manual is for use with ArrayTrack major
release version 3.1.5. While we strive for consistency between the manual and version
3.1.5, you might observe some slight differences. For updated information, please check
the ArrayTrack web site at http://edkb.fda.gov/webstart/arraytrack/, where, for example,
updated manuals for version 3.1.5 will be periodically provided.

TIPS

Many functions in ArrayTrack are accessible from multiple paths, for example, left-
side window panels, pull-down menus and right mouse-click options.

1.

Right-click on a (set of) selected object(s) under the Database Contents tree to
access the applicable TOOL functions.

Multiple sets of arrays can be selected by a combinations mouse-click and
SHIFT-CTRL keys.

Most functions come with default parameter settings. If you do not know a better
setting, use the default.

All Spreadsheet viewers share similar functions, e.g. Copy/Paste of selected table
content.

Center for Toxicoinformatics/NCTR/FDA 3
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Chapter 1 Introduction

What Is ArrayTrack?

ArrayTrack is an integrated software system for managing, mining, visualizing, and
interpreting microarray gene expression data. This software has been developed by the Center for
Toxicoinformatics at the National Center for Toxicological Research (NCTR) of the U.S. Food
and Drug Administration (FDA) and is continuously updated. ArrayTrack is a module of a
comprehensive software system described below, the Toxicoinformatics Integrated System
(TIS), that is being developed to integrate analysis of genomic, proteomic, metabonomic data and
toxicology data.

Center for Toxicoinformatics of the NCTR/FDA

The mapping of the human genome and the determination of corresponding gene
functions, pathways, and biological mechanisms are driving the emergence of the new research
fields of toxicogenomics and systems toxicology. Many technological advances such as
microarrays are enabling this paradigm shift that portends an unprecedented advancement in the
methods of understanding the expression of toxicity at the molecular level. At the NCTR/FDA,
core facilities for genomic, proteomic, and metabonomic technologies have been established that
utilize standardized experimental procedures to support center-wide toxicogenomic research.
Collectively, these facilities are continuously generating an unprecedented volume of data.

To effectively meet the challenges of modern toxicological research, the NCTR/FDA
established the Center for Toxicoinformatics on June, 2002. Toxicoinformatics is an emerging
scientific discipline that integrates approaches from multidisciplinary fields of bioinformatics,
chemoinformatics, computational toxicology, informatics technologies, and physiologically-
based pharmacokinetic modeling with the objectives of knowledge discovery and the elucidation
of mechanisms of toxicity. The primary function of the Center for Toxicoinformatics is to apply
and develop toxicoinformatics approaches for omics research and traditional toxicological studies
at NCTR and beyond to FDA. More information about the Center for Toxicoinformatics can be
found at http://www.fda.gov/nctr/science/centers/toxicoinformatics/index.htm.

Toxicoinformatics Integrated System (TIS)

The NCTR’s Center for Toxicoinformatics has been developing a Toxicoinformatics
Integrated System (TIS) for the purpose of fully integrating genomic, proteomic, and
metabonomic data with data in the public repositories, as well as conventional in vitro and in vivo
toxicology data. Figure 1-1 illustrates the TIS architecture organized around three major
components: central in-house data archives (DB), a set of libraries with highly relevant
information downloaded from public databases (LIB), and analysis and visualization functions
(TOOL). The DB component contains a set of relational databases, each storing experimental
platform-specific data (e.g. microarray data for genomics, MS data for proteomics, and NMR data
for metabonomics) together with annotation information about the experiments and samples. The
TOOL component provides the ability to query, visualize, mine, analyze, and correlate diverse
data from both local and public resources. The LIB component hosts information from public
databases on genes, proteins, pathways, and small chemicals involved in the pathways or
toxicological experiments. Through integration of different data types with analysis capabilities,
TIS will be able to extract a tailored dataset for data interpretation, hypothesis generation, and
hypothesis testing to aid toxicogenomics studies.

Below the TIS component level is the software module level. Software modules are
associated with a particular class of data that, in turn, is associated with a particular type of
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experimental platform (e.g., microarray, in vitro endpoint, in vivo endpoint, or protein gel). Each
software module for each data type/experimental platform can be constructed independently, and
the overall system can be developed in accordance with extant priorities and experiment progress.

TIS will integrate microarray gene expression data, proteomics data, and metabolite
profiling data with classic in vivo or in vitro toxicology data. Expression profiles of a suspected
toxicant may provide unique signatures that can be readily compared with expression patterns of
known toxicants stored in the TIS. In addition, TIS will consolidate data in a manner conducive
to development of models to predict toxic endpoints based on chemical structures and/or gene
expression profiles. With TIS, expression data from mechanistic-based assays and in vivo
pathology or clinical observations can be readily compared, possibly leading to development of
less expensive and more timely assays for risk assessment. Finally, expression profiling may
become an important component for diagnostics in medicine and TIS could be a significant
benefit to aid FDA regulators in evaluating new diagnostic tools that are based on *“omics”
technologies.

DB- In-Hnuse Data Archive

I

Genomb:s Pml:eomnu Metabonomics

LIB - Libraries from Public

-
’ Genelib \
L L
GOFFALib || Protein Lib
" . -z Gene annotation
TOOL - Analysis Functions Protein function |
EDKBLib Metabolic pathway — PathwayLib
‘ Toxicant profiles
' y
L ToxicantLib | ChipLib

' O e

Figure 1-1: An overall system architecture of the Toxicoinformatics Integrated System (TIS).

The system is based on a DB-TOOL-LIB integrated structure. (1) The DB is a central data
archive for in-house data storage and management; (2) The TOOL provides data visualization
and analysis functions; and (3) The LIB a set of libraries that contain data both from online public
databases as well as NCTR in-house databases that together integrate information, for example,
on sequence, gene annotation, gene and protein function, pathways, and toxicant profiles and
chemical structure.
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ArrayTrack - A Prototype of TIS

ArrayTrack is a prototype version of TIS and has been developed to effectively handle
and analyze DNA microarray data. ArrayTrack is logically constructed of three linked
components: (1) MicroarrayDB, a database that stores microarray experiment information and
gene expression data in accordance with MIAME (Minimum Information About a Microarray
Experiment); (2) LIB, a set of libraries that mirror critical data in a number of public databases;
and (3) TOOL, a set of tools that operate on experimental and public data for data analysis,
visualization, and knowledge discovery purposes. An overview of ArrayTrack is shown in Figure
1-2 and more detailed descriptions of the three components follows.
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D O ArmTice infremation
< Sy
[ £ O Demer NETR
| . = (] Sgnsscant Gene List
] < Mo
o
S
2
N—
9 Interface
-
GeneTool
IS)
o
|_

B e Scamerpiot
= wapise

T Vietaal Ay i
S Rk Indensity Piot
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Figure 1-2: ArrayTrack’s three main components: MicroarrayDB, LIB, and TOOL.

MicroarrayDB: MicroarrayDB (DB) is part of ArrayTrack’s ORACLE-based relational
database that stores microarray experimental data. As implemented at NCTR, DB data complies
with rigorous criteria to assure a validated microarray repository that will be a rich resource for
data mining and experiment comparison. Data may be entered if and only if it meets prescribed
standards for completeness, accuracy, normalization as well as conformance to the applicable
ontology. Such disciplined data curation requires toxicoinformaticians and biologists work
closely together to understand both the structure of the database and the structure of the data to be
stored. An NCTR microarray data submission form was developed that specifies the required
essential information from both microarray and toxicology perspectives. The format is adheres to
the MIAME/Tox (Minimum Information About a Microarray Experiment for Toxicogenomics)
guideline for toxicogenomic research.

LIB: LIB is part of ArrayTrack’s ORACLE-based relational database that comprises nine
libraries: Gene Library, Pathway Library, Protein Library, IPI Library, Orthologene Librrary,
GOFFA Library, Chip Library, Toxicant Library, and EDKB Library, that mirror the most
essential information in public databases related to genes, proteins, pathways, toxicants, and as
well as detailed data for various microarray systems (chips). Library data sources include
UniGene, LocusLink, GeneCards, SWISS-PROT, and KEGG from which information on gene
annotation, protein function, and metabolic pathways are obtained. Efforts are underway to

Center for Toxicoinformatics/NCTR/FDA 10
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incorporate other types of information (e.g. PubMed) from public databases into LIB. The
libraries are highly interlinked within ArrayTrack, and are frequently updated to reflect the ever-
increasing and refined data within the public repositories. LIB and its use are described in detail
in Chapter 3. Scientists not analyzing microarray data will nonetheless find much utility in using
ArrayTrack to query public data owing to the nature of the integration of information from
disparate data sources.

TOOL: The TOOL section of ArrayTrack provides functions for microarray data
visualization, normalization, significance analysis, clustering, classification and, importantly data
guality assessment (QA) and control (QC). Several standard or common methods for data
normalization, analysis, visualization, and QA/QC of data are available. Novel or essential tools
to enhance our capabilities that are tailored to toxicology-specific problems are implemented or in
development. A number of data visualization capabilities have already been developed.
Additionally, given the ever-increasing commercial and public software packages providing
common or specialized data analysis capabilities for microarrays, we have developed
interfaces/interface formats for other software packages to conveniently access and analyze data
stored in ArrayTrack.

It is important to point out that many of the various functions in ArrayTrack are
accessible from either the pull-down menus or the left-side panels, and thus a particular function
may be invoked by different sequences of operations.

To illustrate the logical operation of ArrayTrack, the user can select an analysis method
from the TOOL, apply the method to selected microarray data stored in the MicroarrayDB, and
the analysis results can be directly linked to information in the LIB. The user can also hyperlink
from data within ArrayTrack to the corresponding detailed data in the many supported public data
repositories. In this way, ArrayTrack can be very helpful to scientists in interpreting the
biological meaning of microarray results by convenient access to information on genes, proteins,
and pathways, etc.

Availability of ArrayTrack

Currently, ArrayTrack is being distributed free of charge by the NCTR/FDA to the
research community.

Online Version: Users within the fda.gov domain can download and run ArrayTrack at
http://weblaunch.nctr.fda.gov/jnlp/arraytrack/index.html, and have access to ORACLE-based DB
to store microarray data. For the users outside of the fda.gov domain, they can download and run
ArrayTrack at http://edkb.fda.gov/webstart/arraytrack/. Users outside the fda.gov domain can
access all of the functions of ArrayTrack except for uploading microarray gene expression data
since at the time of this writing a decision has been made not to use the online version of
ArrayTrack as a public repository for microarray data.

Local Installation: For those who are seeking to have the entire client-server system
installed at  their local sites  for independent use, please contact
NCTRBioinformaticsSupport@nctr.fda.gov to request the CD or DVD. In this case, you will need
Oracle license to run ArrayTrack locally.

Installing and Running Online Version of ArrayTrack

System Requirements: ArrayTrack is a client-server system. To date, the software
has been tested on the Windows operating systems (98/NT/2000/XP), Linux/Unix, and Mac OS
X. If you have a problem running ArrayTrack on your system, please contact
NCTRBioinformaticsSupport@nctr.fda.gov. The application screens are best viewed at 1024x768 (or
higher) resolution. For Windows users, we suggest a Pentium 266 MHz or faster processor with
at least 256 MB of physical RAM to support the graphical applications.

Center for Toxicoinformatics/NCTR/FDA 11



ArrayTrack 3.1.5 User’s Manual (8/22/2005)

For Windows Users: To use the online version of ArrayTrack, go to
http://edkb.fda.gov/webstart/arraytrack/ and follow two simple steps: (1) Install Java if it is not
already installed on your machine, using the provided link to the Sun Microsystems web site in
step one (The program will automatically detect whether Java is already installed on your
machine. If so, you can skip this step). (2) Install and run ArrayTrack.

For Mac OS X Users: If you have kept up to date with your updates from Apple, then
you should already have Java 1.4(+) available on your machine, in which case you should be able
to either (1) just click the link in the second step to start the application, or (2) failing that, save
the  jnlp  file  which is the target of the  second step’s link
(http://edkb.fda.gov/webstart/arraytrack/arraytrack ext.jnlp) to your hard drive, then double click
it to run the application.

For Linux/Unix Users: Install the Java Runtime Environment for your platform from
http://java.sun.com/getjava/, then execute the javaws command which should be contained
within the Java installation directory (exact path to it will vary), like so:

javaws http://edkb.fda.gov/webstart/arraytrack/arraytrack_ext.jnlp # (for users
external to FDA), or

javaws http://weblaunch.nctr.fda.gov/jnip/arraytrack/arraytrack_internal.jnlp # (for users
within FDA).

You can also use this link (http://edkb.fda.gov/webstart/arraytrack/) in the future to run
ArrayTrack, or let ArrayTrack place icons (Figure 1-4) on your desktop and start menu when
prompted. You will notice some delay the first time you run ArrayTrack due to the need to
download the entire ArrayTrack application (Figure 1-5). You may also be prompted to update
your version of Java before ArrayTrack itself is started. Future uses of the software will only
download parts of the application that have been changed, if any, and should start much quicker.
For the non-FDA users, due to the FDA firewall, you may experience delays when using this
online version of ArrayTrack. Interested users may request a CD or DVD for local installation,
which will greatly increase speed.

When you activate the ArrayTrack, you will see the login window (see Figure 1-3). If
you don’t have an account you can just click cancel button or leave the fields blank then click OK
button to login and view the demo data.

Login g|
[2]

Enter your user id and password here if you hawve them.

[Otherwise you can hit Cancel or leave the fields empty,
but only demonstration data will be viewahle.

User demo
Password i
| OK | | Cancel t]&

Figure 1-3: Login to ArrayTrack

Installing and Running Local Version of ArrayTrack

If you requested a CD or DVD for local installation of ArrayTrack, you will receive
detailed instructions for installation and how to configure your local microarray database(s).

Center for Toxicoinformatics/NCTR/FDA 12
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Please note that for local installation, your systems must have ORACLE 9i or higher installed.

Updates for the various libraries

http://edkb.fda.gov/webstart/arraytrack/.

available

download at

Enjoy yourself by following the instructions to be discussed in the following chapters!

Figure 1-4: The ArrayTrack icon appears on the desktop of a computer after installation.

< Java Web Start

EEX]

ra ArrayTrack 3.1 (Non-FDA Network)

L “ NCTR/FDA

Checking for latest version...

I

" Carcel |

Figure 1-5: Downloading and running the online version of ArrayTrack.
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Chapter 2 Working with Database: MicroarrayDB

MicroarrayDB has been designed to store DNA microarray gene expression
experimental data together with essential annotation information about an experiment, its protocol
and the samples. MicroarrayDB supports data from both one-channel (e.g. filter arrays,
Affymetrix GeneChip® arrays, and Amersham CodeLink® arrays) and two-channel (e.g. spotted
cDNA or oligo arrays) microarray platforms and adheres to the MIAME guideline for microarray
experiments (http://www.mged.org/Workgroups/MIAME/miame.html). A set of tools have been
developed for managing, normalizing, visualizing, analyzing, and, importantly, for performing
QA/QC of data stored in the database.

Input Form: Inputting Experimental Information and Gene Expression Data
including Creating a New Experiment

NOTE: In the publicly accessible online version of ArrayTrack, the data uploading
function in Input Form is disabled.

Overview: According to MIAME, an experiment consists of a set of hybridizations.
The database structure in ArrayTrack has been arranged in an
Experiment=>»Hybridization=»Array Data hierarchical, tree-like format (for details, see Figure
2-22).

L5 Arrayrask Testing

Databass Libvary Tool Cxpert  Hels
A T L (ST oo E

E [ manom | [ it |ven

* i weguirnd

—_— T v Hovemeee || 37 Emrees
rotocot ot L
insnue: | Solnes -
g st Protocot gt e
* o Types: et
L Hytwiditzation Protncot nport & epent
* iy vt
Labusing Protocals: mport || 4 expert
* Eup Descrigtion:
P et action Drustucube gt ;B
* Phemseypi Anchoreeg 1| Semect Marnarscrign Foprine Iport Hewn
Commants: Sigrafican Gene List: ;[
Ml | F BB | befure conlinui.
(2) vtk ation and Data
* Hytiriration  |-Sulect [+ & snmimn | Oalenine

Bivay Informtion Sanplbe & |abed kefrrrustion:

- Channed 1 | Channes 2
rraytyee: [Setoct- -
" Sample 10: |-Ssinct v | vwwee
Sie 1
* Array Patieene ) One Chisenel. ' Two Chisnnal ] e Z

Sadn e (1w ) L
Arrayused: (1 |w | times 0C Notos for Labiok

Hyts infoenation Tt impon

By wham:

&

O Wt fon s

Figure 2-1: Input Form: Data entry form of MicroarrayDB.
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Under the Database window panel of functions (Figure 2-1), the user can select the

@ NewEsD 1y 1101 to activate Input Form (Figure 2-1) that allows the user to enter all the
MIAME-specified information about the experiment. Before any information may be input into
Input Form, the user is prompted to specify a unique title for the experiment and experiment
group name, as shown in Figure 2-2.

Give an unique experiment title E|

)
'-.J,J i‘ User Group Name: |FQI.0.N | - | e.y., John Lab; mygrp; Anonymous ...

[ Experiment Name: |Agilent_Rat Drug | e.y., myexp; Rat treated with drug; ...

Owner ID:

# User Group Name can be any text. It is used to organize a set of experiments
conducted by the User Group and will be displayed in the database tree

# Experiment Name can be any text. We recommend that the name you use
should be descriptive to the experiment .

| OK M‘ Cancel |

Figure 2-2: The user needs to specify an Experiment ID and Experiment Group Name for the
new experiment.

The Owner ID will automatically show the name of the user whoever logged into the
Windows system, and is grayed out. After the owner created an experiment, he can click

& EdtPrivieges (see Figure 2-1) to assign different privileges (view or/and write) to the other
users; otherwise no body can view/edit the experiment except the owner. The Exp Group Name
is arbitrary.

The information items on the Input Form are straightforward and reasonably self-
explanatory. The Input Form consists of two sequential sections: (1) Experiment Design, and
(2) Hybridization and Data. Just follow the Input Form to enter all required (highlighted in red)
and the remaining optional information items.

Experiment Design: The description of an experiment and its associated experimental
protocols are input in the Experiment Design section. The information in Experiment Design
only needs to be filled in and saved once for an entire experiment, since such experiment design
information remains the same for all hybridizations of the same experiment. However, the user

first must click & saveExp before moving on to the Hybridization and Data section. An

existing Experiment can be deleted by clicking on Il PeleERp (see Figure 2-1).

Hybridization and Data: This section is used for input and/or update of data
associated with all hybridizations, arrays and samples included in the entire experiment. From a
logical perspective, it is best to consider an experiment to consist of a set of hybridizations, each
of which has an associated microarray type, sample and label (e.g., florescent dye or radioisotope.
The amount and types of data to be entered are determined by many factors of the experiment
design. For example, single versus two channel experiment, dye flip experiment and cDNA-
versus oligonucleotide-based experiments are major determinates of specifically what data must
be entered.

Data describing a hybridization can be input in the lower portion of Input Form that is
divided into three areas: 1) Hybridization; 2) Array Information; and 3) Sample and Label
Information (i.e., fluorescent dye). The bright green IMPORT button Hmport] in the lower right of
the Input Form enables importation from a file of the actual microarray data for each
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hybridization. By the end of the data input, every hybridization in an experiment will be linked
with its appropriate array information, sample and label information and its experiment data.

Hybridization: The hybridization information is first input in the section of the input
form titled HYBRIDIZATION. The user inputs the name of the hybridization associated with a
specific sample. The name is arbitrary and determined by the user, and would normally provide
some descriptive information. Multiple hybridization names can be input and will then all appear
in the pull-down menu. A hybridization can only be saved after the array information and sample
labeling information for a sample has been entered. If the user later wants to change the name of
the hybridization, this is done by right clicking the hybridization name in the database window
and choosing the option “Edit Hyb” name and editing the existing name (see Figure 2-3A).

Array Information: Information for each array is input in the section titled Array
Information. There are more than 70 array types predefined within ArrayTrack. If the array type
the user is using is one of those predefined in ArrayTrack, it can be selected from the pull-down
menu as shown in Figure 2-3B. Instructions for creating a new array type is given further below
on Page 23.

T — Array Infomation
o [C] affy_2grp_Ratl34 713

o [C] 2ch_2strai Batch Import A B
[- g CORH_Me Rﬁame ® ArrayType: _Select-- -
§ L BatchTestl gighificant Gene List v — —
o Il AoLn Select raw datasets... Slide 1D: [ =
>l AoLn Select normalized datasets Rkt ||
O BatehTest o * Array Platform:  [9150Yvonne_9984 Unigene mou
- & G AKERMARM Show hybridizations spreadsheet A-AGIL-2
N Ham Show possible flip-dye hybridization pairs Slide has: |[A-MEXP-72
Il | Expand completely A-MEXP.73
—
I Library Cullapseleompleteh] Arrayused: [A-MEXP-74 |
« 1D Canverter Tree options... A-UHHC-3 hd

Figure 2-3: Hybridization name editing (A) and pull-down selection of array type (B)

Sample and Label Information: Information for each sample and how it is labeled is
input in the section titled “Sample and Label Information”. Clicking the ViewEdit hytton (see

Figure 2-4B) brings up the Sample Form that is shown in Figure 2-5.
Sample & Label Information

* Hybridization : |--Select-- o Channel 1 | Channel 2 |

-Select-- A *Sample ID: |--Select.- v || viewrdi
Array Infomation [--New [% __Select.-

D0_T12 B _a *Label: |Now

DO T12 B h DO_T12_B

Figure 2-4: Sample ID pull-down selection.

The user must click & SaeSample t5 save sample information to the database. An existing

Sample can be deleted by clicking on /I Pelete Sample. (see Figure 2-5).

If a sample (e.g. A-2HZNOOA) is involved in several hybridization records, the user
needs to enter information only once. The remaining hybridization records can be chosen from
the Hybridization pull down list (see Figure 2-4A). Similarly, to save time during input, the user
can load a similar sample already saved in the database, make minor changes (e.g. SamplelD or
Sex) to the Sample Form, and then save the new sample with a new name.
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Notes: (1) A Sample is associated with only one Experiment and is not shared across
different Experiments. However, a Sample can be shared by multiple Hybridizations within
the same Experiment (e.g., technical replication). The user can choose to finish inputting all
samples altogether before inputting any hybridization information as long as the experiment is
saved. When the user inputs hybridization information, all the saved sample IDs will become
selectable from the sample ID pull-down list (Figure 2-4B).

The hybridization information is only saved when the user clicks the o save button,
at which point the current section of the form the user is in will be permanently saved into

database (an existing Hybridization can be deleted by clicking on /Il Beleteish

Sample Form for affy_2grp_RatU34

Sample ID: ‘ j Save Sample

[v| B

‘ m]ﬂ Delete Sample

Reference sample: () Yes @ No Vendor: | | Catalog#: | | Purchase Date: | | Notes: | |j|
Species: [v|Rat [ |Mouse [ |Human [ |Others Assay: [ |Invivo [v]Invitro
Rat Info In vitro Info
Sex: [ |Male [ |Female [ ]|Unknown (G| ~SEBE- |v|
Media: |
Dev.Stage: [ |Fetal [ |Postnatal Temperature: Joc
COMPOUNDMNAME | COMPOUMNDCAS|CONCENTRATION | EXPOSURE
Age: weeks days. Weight: -
Strain: |--Select-- |V| GenoType: |--Select-- |V| =
Condition: [_|Normal [ |Disease i | | IL
1 [l 4
Rat Notes

In Vitro Notes
§ §

Cell Source RNA Extraction

Organ: = RHA Extraction: |..Select-- |v|
e R —

when{mmidd i)
Tissue Preservation: =

Cell Type: |--Select.. | - | QC Notes for RNA:

| »

Cell Isolation: |--Select-- | = |

4]

[l

Figure 2-5: Sample information entry form (Sample Form)

Data Import: User can import each dataset one by one or import multiple dataset in one
shot using the “Batch import” function. The “Batch import” function is very convenient if you
have many hybridizations of the same array type. The two options are addressed as following:

1. Individual import

Microarray gene expression data is loaded into the database by first clicking the fimpert
button in the lower, right panel of the Input Form. The user must save the data in each section as
the data entry proceeds: The user must save the experiment & saeEw hefore continuing to
Hybridization and Data section, and Data Import is not accessible until the Hybridization has
been saved & S=eib

Clicking the import button Hmpert] brings up the Select Files window that prompts the
user to select the Data File, up to two Image Files (optional) and the scanner Settings File
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(optional) corresponding to the current hybridization/array. Browse buttons | Browse | g provided
to locate and select the file. After pushing the OK button, the Choose Columns panel pops up
that allows the user to map data columns in the Data File to corresponding MicroarrayDB data
fields (Figure 2-7). Data columns already mapped will be shown in yellow and their
corresponding MicroarrayDB data fields will be marked with &2

@ Select Files @
Dataset Notes:
Data File |ed1T0xicmnform atics\ShitGenoToxD riginalFiIesIRADDDKL.xIS| | Brows: i
s raw data |
Image File {optional) | || Browse |
Image File 2 {optional) | || Browse |
Settings File {optionaly | || Browse |

Figure 2-6: Select Files dialog for Data Import.

Tip: According to the data structure shown in Figure 2-3, one hybridization can be
associated with multiple arrays that could be a result from scanning the same hybridized slide
under different scanning parameters or at different times. The “Data set description” field
(Figure 2-6) allows the user to input such descriptive information (e.g. 33% scanning power) that
will be shown within the “<>" under the tree structure view.

Tip: The Data Import can be done separately from Input Form. The user can input all
hybridization information into the Input Form without importing any data. Data import can be
started later from the database tree view by selecting the hybridization (right-click), select
“Import data”.

The Data File must be in text format (Caution: Very large Excel files could cause “out-
of-memory” errors; it is recommended that large Excel files be converted to text format prior to
import). For a GenePix GPR Data File, the mapping is automatically determined by ArrayTrack.
For other data files other than the GenePix GPR format, the user can easily set the mapping by
clicking on a column header and then clicking on its corresponding MicroarrayDB data field (see
Figure 2-7).

[ =
e
— o b— - e g
B primessr TIEES  WEE
-
=i
il o et . e
e i - S =
i v - e e
- . - e

Wim—
i
i m——

= o o e T Bade
o - T
L o o S VU S
e . i

S Ll
e . o S T

[P -

A e

Figure 2-7: Choose Columns for loading array data file (GenePix GPR file).
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After the first successful import from any file format that has recognizable column names
at the top, the next time the same file format that is used for the column choices should default to
the previous choices, with preference to the most recent import done by the same user.

Clicking on OK at the bottom of Figure 2-7 will save the data for the current
hybridization/array to MicroarrayDB. If the Data File does not match the ArrayType definition
(e.g. unequal number of spot numbers), ArrayTrack will give a warning and the user should take
extreme care to double check data consistency, such as array type or sample label, etc. When the
data is successfully loaded into MicroarrayDB, the Database Contents tree will be updated to
show the new hybridization/array.

For Affymetrix data, the user can directly import .CEL file. ArrayTrack will
automatically convert .CEL file to probe set file. This function only works for FDA users. For
non-FDA users they can not import .CEL file because the Bioconductor server which is for the
converting is not accessible from out side of FDA firewall. But they can import probe set file (in
.txt format) instead of the .CEL file.

The Select Files dialogue (Figure 2-8B) provides 4 types of data file: 1).CEL file, 2).txt
file (probe set file, optional), 3) .DAT file (image file), 4) .CHP file. .CEL file and probe set file
are the data files, so the user needs to have either of the two formats of the file for data import. If
the user has probe set file then the .CEL is optional and vice versa. DAT file and CHP file are
image files and optional for data importing. Since the image files are not used in calculations, any
format is acceptable.

¢ ® FDATRAINING
¢ [ CdRatl34 A

B8 00_T-2_E_aD0 T-2 EBiotinl
8 oo_T-2_e_b 0 Import data %
B8 0o_T-2_c_a Rename
8 00_T-2_C_b [ Expand completely
E DO0_T-2_D_al cCollapse completely
B8 00720 00 Tree options..

o W™ D0_T0_B_a DO_TO_E[Biotin]

Q‘f Select Files @
Affy Cell-Based File {optional if probe-set file provided) i;ICd Tox Rat Primary Hepatocytes\Animal DID-QCdDDDA.CEL” Browse | ﬁ:‘ﬁggmexl
Affy Probe Set File (optional if cell file provided) | | Browse |
DATAmage File {optional) |;10d Tox Rat Primary Hepatooytesi&nimal DID-ECdDDDA.DATH Browse |
CHP File |ICd Tax Rat Primary HepatocytesiAnimal DID-ECdDDDA.CHP” Browse | B
| OK | Cancel |

Figure 2-8: Importing Affymetrix data

2. Batch import

If the user needs to import multiple arrays (e.g. 10, or 50 hybridizations) of the same
array type, s’/he can use the “Batch import” function. Before using the “Batch Import” function,
the user needs to prepare a hybridization file (in Excel format) containing all the information
about the data (like sample, label, the file names, etc), see Figure 2-9.

The following is an example of batch importing 20 hybridizations.

After the hybridization file is ready, the user can start batch import. There are several
ways to activate “Batch Import” function: 1) from “Database” pull-down menu, 2) if experiment
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has already been created, right-clicking the experiment name and choose “Batch Import”. See

Figure 2-10. After choosing “Batch Import”, the “Batch Import” window shows up (Figure 2-11).

A B © D E F
1 |HybName Cy3 Sample Cy5 Sample Cy3 Organ Cy5 Organ FileLocation
2 A1 SURT CURT Universal Universal testANAT . txt
3 |A2 SURZ CURZ Universal Universal testAVAD tut
4 |A3 SUR3 CUR3 Univergal Univergal testANAT. txt
5 |Ad4 SUR4 CUR4 Universal Universal testANAL txt
6 |AS SURS CURS Universal Universal testAVAS tut
7 |B1 SURE AB1 Univergal Brain testBVET . txt
|8 |B2 SURTY AE2 Universal Brain testENEZ txt
9 |B3 SURB AB3 Universal Brain testBAB3 tut
10 B4 SURS AB4 Univergal Brain testBVE4. txt
11185 SUR1TO AB5 Universal Brain testBNES. txt
12C1 SURNM AL Universal Liver testChCl . txt
13 |C2 SUR12 AL2 Univergal Liver testChC2txt
14 |C3 SURT3 AL3 Universal Liver testCAC3. txt
15 |C4 SUR14 ALd Universal Liver testChC4. txt
16 |Ca SURTS ALS Universal Liver testC\Ca. txt
17 101 CUR1 ABE Universal Brain testOnVD1 . txt
18 |02 CURZ ABT Universal Brain testDVDZ. txt
19 03 CUR3 ABE Universal Brain testOND3.txt
20 |04 CUR4 ABS Universal Brain testDVD4. tut
21|bs CURS AB10 Universal Brain testDVDS. txt
Figure 2-9: Hybridization file for batch import
o [ BatchTesat AGL
¥ ArrayTrack Testing, M atc Batc""'f%m
G. AKER Rename
Database | Library Tool Export Help :gNNGF Significant Gene List »

JEOwyl Select raw datasets...

JLEIGH| Select normalized datasets...
::gﬁlo Show hybridizations spreadsheet
MARC_ Show possible flip-dye hybridization pairs

WTONG  Expand completehy

35 Create a New Experiment  |rray Type
% Create a New Array Type

2= Batch %pun
ALK

‘% Update a Array Type Puony Collapse completely
Y U0 T-Z_E_FUU_T-Z_E[Biotin] Tree options...

TYYTYTTYYYTYTYYY

Figure 2-10: Activate “Batch Import” function

(ST i o a
@ sprmont

Experimuent Mame | BatchTest AGH -
Datatiles Root Dweclony |DEachTast Hrowse
(@) Stupz: Load Ivbinia Fie fis):

Qpan | hdsinfia File

Hithame | CydSaenplo | Gy Sample | 0y3 Organ | Cyé Organ [Fietersion |

A : MEAALLE =
Bl

AL b

BV b

S peaAR T =

@?ﬂl!:uwlwuﬁ! Coksmns to Database Melds :  Open Config File S Comdig file

ArvayTypn Spacies Rasay
Eatei 08 Poks ldml Humandi®_G41128 .‘ & Humkan Moissn Hat Others L vitro

= IHYESIDLEA TRON] s [X] [eeriams

= [SAMPLE] samgdeniams fo channl | €] [3 Bampie

= IHYHIENEATION] Labodname fof channol 1 x| |oa :v

= ISAMITLE] sanpdenanie Tor channel 2 M| [Ty Samade

= [YBRDIZATION] labainame for channal 2 =] oy x

[ [ARRAYTLAWTIATA] dascrigtion %] [raw

% |mmmrl|rmmn (%] |FileLocston

= ISAMPLE] ofsen for chiannel 1 [%] [cva crgan

In [SAMPLE] urpan fur channel 2 [ G5 Crgan

(@) svens: stan importe

Preview and lmgon

Figure 2-11: Batch import interface
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In Figure 2-11, the user can fill the form by following step 1 through step 4.
Step 1: choose the experiment name from the pull-down list. If experiment is not created yet, the
user can choose “New” from the pull-down list and type a new experiment name (refer page 14
for creating new experiment). Then click = Browse  putton to locate the file root directory.

tr/ Choose Data File Root Directory for Importing @

Batch Import

S —— el
@ Step1: Specify Experiment and Data Files Root Directory: oen = : J
TaoHan
Experiment Name |BatchTest_AGI e
--Select--
DataFiles Root Dired_ you, % R0 _
Demu-NCTR mvacm‘mammpummumule import |

@ Step2: Load HytDemu_dye flip pair Files of Type: ‘AII Files |'|

Open Hybinfo Filﬁ"“‘ﬁ"‘zg'”S'F‘a‘t”34

2Ch 2Strain 20Kchip

Figure 2-12: specifying experiment name and data file directory

Step 2: Load hybridization file which is the file you created before batch-import. Click
openkybinfoFile . hytton and choose the hybridization file. The contents of the file will show up
below the orentybinfofie . hytton (see Figure 2-13).

Step 3: Map hybridization file columns to database fields. First choose array type from the pull-
down list, if the list doesn’t include the array type you need, then you have to create a new array
type (see page 23 - ArrayType Information part for creating new array type). Then choose species
(Human, Rat, or Mouse, etc) and assay (In vivo or In vitro). Next map the columns to database
fields.

o —
DepemiEicieciiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiG o e X
@ Step1: Specify Experiment and Data Files Root Directory:

Experiment Name ‘Bal[:hTesl_AGI ‘v‘
DataFiles Root Directory ‘D \BatchTest \
(2) step2: Load Hybinfo File (xis):
Open Hyhinfo File
thNamal Cy3 mple Cy5 Sample) Cy3 Organ Cyh Organ Filel ocation
Al SUR1 CLUR1 Uniyersal Univergal testalp bt =
A2 SURZ CURZ Uniersal Univergal testalf? bt =
A3 SUR3 CUR3Z Uniyersal Univergal testalfs bd
A4 SUR4 CLUR4 Uniyersal Univergal testaipd bd
25 SURS CURs Unifersal  |Univerbal  [testtha b B
1 1
(3) step: Map Hybinfo File Columns to Databage Fields || Oppn ConfigFile] | Save ConfigFile |
ArrayType Specie! Assay
‘ SelachDEFiekts | |Auilem; _Gi11za ‘ ‘ @ Hurhan ) Mouse () Rat (Others  [v/vivo [ vitro
1:5‘ [HYBRIDIZATION] hybnanle ‘ [ |
:9‘ [SAMPLE] samplegiame for chinnel 1 ‘ [eydsample |
| [HYBRIDIZATION] labPiname for dhanne 1 | | [~]

A= [SAMPLE] samplagame for channel 2 | [3¢] [ov{samaie
:9‘ [HYBRIDIZATION] labelname for ghannel 2 ‘ ‘cyﬁ |v|
‘ [ARRAYRAVYDATA] description ‘ [rranf |
3] | [ARRAYRAWDATA] rawdatafiipname [ [Fiusocation |
‘ [SAMPLE] organ for channél 1 ‘ [cya organ |
‘ [SAMPLE] organ for channel 2 ‘ |cya organ |
@ Step4: Start Importing :

Preview and Import

Figure 2-13: mapping the hybridization columns to database fields
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In Figure 2-13, the blue arrows at the left side of the field buttons means this field is a
required field (the right-side empty box has to be filled), all the others are optional. The user can
click the cross sign button [/ at the left side to remove the database button, the [¥] button at the
right side is used to clear the contents in the text box. To map the column to the database field,
click the column title then click the database field button. The column title will show in the text
box right to the button. The mapped column will be highlighted in yellow. The user can save this
configure after mapping all the columns by clicking the button Save cenfigfite. and open this
configure file next time for batch import.

If the user wants to map columns to the other database fields, he can click| SeleciDRFelds
to bring up more database fields (Figure 2-14).

Select database fields from left panel.

2]

3

EXP.exptitle

EXP.expdate
EXP.arrayplatform
EXP.exptype

EXP.keyword

EXP.description
EXP.experimenter
EXP.institute

EXP.dvision

EXP.comments

EXP.phenotype
HYERIDIZATION.arraynuminslide
HYERIDIZATION. slideusagecoun
HYBRIDIZATION.arraytypename
HYERIDIZ ATION. labelmwho
HYBRIDIZATION. labeldate
HYERIDIZATION.hybprotocol
HYERIDIZATION.hybinawho
HYERIDIZ ATION. hyhdate
HYBERIDIZ ATION.hybnotes
HYBERIDIZATION. labelnotes

1] Il |

[*]

IC

HYBRIDIZATION. hyhname
SAMPLE.{amplename
HYBRIDIZATION. labelname1
HYBRIDIZATION.labelname2
ARRAYRAWDATA. description
ARRAYRAWDATA.rawdatafilename

<] Il [»

| OK || Cancel ‘

Figure 2-14: more database fields for choosing

In Figure 2-14, the database fields in the right panel are the fields that will be shown in
“Batch Import” interface (see Figure 2-11) while the database fields in the left panel are more
options available for choosing. The user can move the database fields from left to right side or
vice versa. Some of the fields in the right panel are required fields and can not be moved to the
left side. The user can select any optional field and bring it to the right side by click the arrow

button.

Step 4. After mapping the columns to the database field, the user can click button

to preview the data information before importing.
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Q‘} Data Preview

X

HYBRIDIZA. . |SAMPLE SAMPLE. |HYBRIDIZA |SAMPLE SAMPLE. |HYBRIDIZA | ARREAYREAW. AREAYRANWDATA
1 SUR1 Cya CUR1 Cyé rawy testasl bt &
A2 SURZ Cya CURZ Cyh rawy testalAz bt
A3 SUR3 Cya CUR3 Cyh rawy testAlAl bt 5
Ad SUR4 Cya CUR4 Cyh rawy testarsd bt 4
A5 SURS Cya CURS Cyh rawy testAlAs bt
| EA SURE Cy3 AB1 Cya Fai testBiB1 b
ez SURT Cya AB2 Cyh rawy testEB2 bt
B3 SURS Cya ABS Cyh raw testEVB3 bt =
=¥} (=i =] ¥ LA =N ] N1 = 2 1, 0004 et Bais

4] Il [T
Do you want to start importing?

| Import || Cancel |

Figure 2-15: batch import preview window

In Figure 2-15, the first column lists the hybridization names that will show in
ArrayTrack Database panel. The user can click any column title to sort the columns. If the user
are not satisfied with the preview, he can click “cancel” button and re-do the Step 1~ 4. After

previewing it, click | ™Pert  hytton to start importing. If the data are imported successfully the
user will see the message “The data are imported without error”.

The batch import function is very efficient and error-preventing when importing data in
large scale.

Data Export: for information about exporting data please refer Chapter 9 Data
Export

ArrayType Information

Overview: One essential item that needs to be input in Input Form is ArrayType.
ArrayType defines basic information about the arrays with which an experiment is being
conducted. In ArrayTrack 3.1.3 release, more than 70 “standard” array types have been pre-
defined, including ~30 array types manufactured by Affymetrix and many other cDNA or
oligonucleotides arrays (e.g. from Agilent, MWG, and ClonTech) used in gene expression studies
by NCTR scientists or their collaborators. If in your new experiment you are using an array type
shown on the pre-defined list, you can simply select it as the array type for your current
experiment. Otherwise, you’ll need to define your new array type. Fortunately, we have made it
relatively easy for the user to define a new array type.

The ArrayType Information for a particular array can be conveniently viewed from the
Chip Library (see Figure 3-44 of Chapter 3).

Activate ArrayType Information

By clicking on g New Array TvPe the yser can create new array type (Figure 2-16).

Database Library Tool Export Help

@ ‘%@ Hew Exp ‘%@ HER’ array Type

a7

Eg; Database Contents

o i AMONYMOLIS
o~ B FDATRAINING

Figure 2-16: Array Type Information - Create new array type.

Export ArrayType Information: To export an array type, the user can open the Chip
Library, highlight the array type record then click “Export” button. See Chapter 3 Chip
Library for detail.
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Create New ArrayType: To create a new array type, the user should at first define an
ArrayType Information File, which specifies the essential data fields needed for defining the
array elements (adherence with the MIAME guideline is recommended). The process is best
explained by using examples, as presented below.

Figure 2-17 shows an example of an information file (NCTR_MWG_Mouse 20K .txt) for
defining the NCTR_MWG_Mouse 20K array that consists of 48 blocks, and each block consists
of 21 rows and 20 columns, resulting in a total of 20,160 spots. Each spot (gene) has its
corresponding block#, row#, column#, GenBank accession #, description, etc. This ArrayType
Information File can be easily generated from the information about your probes and the way
they are printed on the microarray slides.

When the user click New Array Type button 44 New Array Type (Figure 2-16), the dialog
shown in Figure 2-18 pops up and allows the user to specify the file name for the ArrayType
Information File, the way spot location (coordinates) is defined in the file, and the type of array
elements (oligo or cDNA). ArrayTrack accepts several types of coordinate definition systems
including MIAME’s MetaCol/MetaRow/Col/Row notation, Block/Col/Row, Row/Col, and
Without coordinates. If no coordinate information is available, the user must specify the number
of columns and rows for the array; while this is arbitrary, a square or nearly square arrangement
will result in the best graphical displays. In each case, ArrayTrack converts the coordinate
information into the MIAME-compliant format: MetaCol/MetaRow/Col/Row. For some cases
(e.g. Row/Col and Without coordinates), the MetaCol/MetaRow ratio is automatically set to
1/1, i.e. one MetaCol and one MetaRow.

3 WETH_MG_jsute 30K a8

Figure 2-17: ArrayType Information File.
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Figure 2-18: Loading ArrayType Information File.

After clicking on Open, the Choose Columns form (Figure 2-19) pops up, which
allows the user to enter essential information (e.g. name, platform, manufacturer, layout of array
elements, etc.) about the new array type and map data columns in the ArrayType Information
File to the corresponding MicroarrayDB data fields by selecting a specific data column header
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and clicking on the corresponding MicroarrayDB data field to be mapped. Data columns already
mapped will be shown in yellow and their corresponding MicroarrayDB data fields will be
marked with a 8. Clicking on [ will undo a previous column assignment. Clicking on OK at the
bottom of Figure 2-19 commits data in the ArrayType Information File to the new ArrayType,
which becomes available for selection in the ArrayType field of the Input Form (Figure 2-1).
Figure 2-19 gives an example of entering array information in the
MetaCol/MetaRow/Col/Row format. In the example there are four Meta columns and three Meta
rows, numbered left to right, and top to bottom, respectively. Each Meta column has seven
columns and each Meta row has eight rows. Figure 2-19 illustrates assigning data in the
ArrayType Information File to MetaCol, MetaRow, Col and Row data fields in ArrayTrack.
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Figure 2-19: Mapping columns in ArrayType Information File to MicroarrayDB data fields and
MetaCol/MetaRow/column/row example.

Figure 2-20 gives an example of entering array information in the Block/Column/Row
format. In the example, each block has 7 columns and 8 rows and the blocks are arranged in 4
columns by 3 rows and numbered sequentially first left to right then top to bottom. Figure 2-20
illustrates assigning data in the ArrayType Information File to Block, Column, and Row data
fields in ArrayTrack.
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Figure 2-20: Example of Block/Col/Row

Tip: ArrayType information can be conveniently viewed from the Chip Library (see
discussion on Chip Library in Chapter 3).

Data Sharing and Security Protection
The owner of the experiment can assign Read/Write privileges to individuals by clicking

on i EtPrivieges (f Input Form (Figure 2-1) to share the experiment data with others (Figure
2-21), e.g. to allow a bioinformatician to access and analyze the data. Data from the experiment
is invisible in ArrayTrack to users not granted Read/Write privileges. This security feature
allows the owner of an experiment the full control in data sharing while not compromising data
security. (Note: ArrayTrack queries the Windows operating system to confirm user login

identification)
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Figure 2-21: Assigning Read/Write privileges to individuals.
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To assign privilege to users who are not in the list, the owner can create new user first by
typing the user’s name (the name that the user uses to login his computer) and then click “add
user”. The new user name will show in the list, and the owner can assign Read and Write
privilege to the new user. See Figure 2-21.

Exploring and Viewing Data in MicroarrayDB from Tree View

Structure of Database Contents: The ArrayTrack database is structured similar to
Windows explorer and thus is arranged hierarchically as shown in Figure 2-22. When ArrayTrack
is closed, the tree view is saved for the particular user and will be recovered the next time that
user restarts ArrayTrack.

The tree structure hierarchy is always arranged in the following nested order: owner,
experiment, hybridization, raw data and normalized data. Thus the tree structure appears as
follows, with the indicated icons denoting to different types of data:

MlcroarrayDB (E} Database CEII"ITEI"I‘S)
Owner ('ITI')
Experiment (1)
Hybridization (ﬂ: two-color array; . filter array; ] GeneChip® array)

Significant Gene List F&
Raw gene expression array data (E5)

Normalized gene expression array data ([ﬁl, if available)

Database Libvary Tool Export  Help

v O Mo Arvay Type

DM1_T13_A_a D0_T13_R[Rintin]

10_T12_R_a) B0_T17_B[Binlir]
e 1000.0,5=Median sbey {00_T12_E_a) DU_T12_B[Bictin]
a

©_a [O_T13_C[Rictin]
©_b DO_T12_C(Biotin]
0_a DO_T12_O|Biotin}
0_b DO_T12_D|Biotin}
B_303_T12_B[Bloun|

Exploring Database Contents: The tree-like Database Contents structure allows
the user to select and/or open a particular user ('ITI'), experiment (Ij), or hybridization (m,ﬁ, or

E) by toggling on the lock (@) unlock (%) signs. The content structure can also be manipulated
by right-click on a particular item (Figure 2-23). For example, by right-clicking on a
hybridization, the user can either Expand completely or Collapse completely the content (sub)
tree beneath it. A right mouse click makes available various operations that depend on the level of
the tree structure, as illustrated in Figure 2-23. Right clicking any level (i.e., experiment,
hybridization or dataset) gives a list of options, the last of which is Tree options that when
clicked gives the user five ways for displaying (or hiding) more detailed information:
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1) Show samples on hybridizations appends sample names to the
hybridization name that are colored green or red corresponding to Cy3 and
Cyb, respectively;

2) Show hybname on dataset appends the hybridization name to the dataset
names.

3) Show samples on datasets appends sample names to the dataset names that
are colored green or red corresponding to Cy3 and Cy5, respectively;

4) Show original data filename on raw datasets appends the name of the
original raw data file to the beginning of the raw data; and,

5) Show label names appends sample label names (e.g., Cy3 and Cy5) to the

all levels of the tree that are colored green or red corresponding to Cy3 and
Cyb, respectively.

6) For 1, 2 and 3 above, green and red applies only to two-channel systems using
Cy3 and Cy5 labels. For single channel systems, the sample name will be
colored blue.
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Figure 2-23: Database Contents tree can be expanded or collapsed completely by right-clicking
on an item. Depending on the nature of the object that is right-clicked on, a set of applicable
functions become accessible. (A) Experiment; (B) Hybridization; and (C) Array Dataset.

Operating on Experiment: Double-clicking on an Experiment will bring up the
Input Form (Figure 2-1). Upon right-click on an Experiment, in addition to Expand
completely and Collapse completely the tree, the user can choose several other options (Figure
2-23A).

Select raw datasets highlights (i.e., selects) all the raw datasets underneath this
Experiment making them collectively available for a subsequent operation (e.g. Normalization).

Select normalized datasets highlights (i.e., selects) all the normalized datasets
underneath this Experiment making them collectively available for a subsequent operation (e.g.
Data Export).
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Show hybridizations spreadsheet collects the information about the all hybridizations
contained in the experiment together with the attached toxicological information including all
hybridization, sample, treatment and dosing information.

Show paossible flip-dye hybridization pairs automatically detects all possible flip-dye
hybridization pairs based on the user entered sample and labeling information for all the
hybridizations within the Experiment. The term “possible” is used to denote that, for example, a
specific sample can be associated with multiple hybridizations that could also be dye-flip paired
depending on user input. The flip-dye paring information is listed in a spreadsheet view (Figure
2-24 left). Hybridizations without matched flip-dye pairing will be displayed in a separate
spreadsheet (Figure 2-24 right). This function is based on the sample and hybridization
information entered in the Input Form (Figure 2-1). Thus, it is important to make sure that
information in Input Form is entered correctly. Note that this function only works for an
experiment utilizing two dye labels (a so-called two color system).
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Figure 2-24: Automatic detection and display of Flip-Dye Pairs information for an Experiment.
Left: List of matched Flip-Dye pairs; Right: List of Unmatched hybridizations.

Operating on Hybridization: Double-click on a Hybridization will bring up the Input
Form (Figure 2-1) with information about the Experiment and the Hybridization shown.

Right-click on a Hybridization allows the user to Rename hybridization and Import
data in addition to Expand completely and Collapse completely (Figure 2-23B). As is
mentioned in Data Import part of this Chapter, this is another way of loading gene expression
array data into MicroarrayDB.

Operating on Array Data: Double-click on an Array Dataset will bring up the
Spreadsheet view for this array dataset. Right-click on selected Array Datasets pops up a long
list of functions applicable (Figure 2-23C). Instructions for use of these functions are discussed in
Chapters 4 through 8.

Significant Gene List

Significant Gene List allows the user to Import, Export, Delete and Display a list of
significant genes associated with this Experiment (double-click any experiment will bring up the
Significant Gene List showing in a spreadsheet, see Figure 2-25)

=} Database Cortents
¢ ANONYMOUS
o[O3 Affy-20rps-Rat3g
9 [ Significant Gene Lists
¥z [122geneMorm_Fold1 .5_PD.3§
Mz 1230eneMASS_Fold1 5_P0.
Mz 1350ene_PermutationP0.05Fold1.5

Figure 2-25: Double-click the significant gene lists for display.
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Figure 2-27: select Significant Gene List to display

Display Significant Gene List

Double-clicking the name of a Significant Gene List ¥: will bring out the spreadsheet
displaying the significant gene list. Another way to bring out significant gene list is right-clicking
the experiment-> choosing Significant Gene List-> choosing Display, then a pop-window will
show up and list all the significant gene lists under the experiment. The user can choose the
significant gene list to display, see Figure 2-27. If the user selects all the significant gene lists to
display, then the multiple lists will be shown in one spreadsheet.

The user can open multiple significant gene lists individually and combine the lists to get
common gene lists. For example, if the user wants to combine list A and list B. He can open the
two lists first separately and then highlight the record in list B, drag to list A, or vice versa,
choose the ID’s from the two lists for mapping. If the two gene lists are from the same array type,
you can select SpotID for matching; if the gene lists are from different array type, then the user
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can select LocusID, or GeneName or other ID depending on the column contents in the gene lists.
See Figure 2-28 and Figure 2-29.
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Figure 2-28: combine two lists to get common gene list

E‘ Select 1 column from the source and target tables for matching with:

Source Table Target Table
GENELIS 1 _NAME
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LOCUSID _| Locusip -
FOLD FOLD =
PYALUE PYALUE

RANKING_ORDER RANKING_ORDER

GEN_ID_MFR || GEN_ID_MFR ]
epnTIn ~| SPOTID ~|

Figure 2-29: choose the column SPOTID for mapping two lists

From the display table, the user can get additional information about the list of genes by
accessing other functions including Gene Library, Protein Library, and Pathway Library that
appeared on top of the table. The user can also add annotations to the gene lists by clicking
and then typing in the explanation. Bar Chart (Chapter 6) can be accessed by right-
licking on selected gene records.
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Figure 2-30: The combined gene list result
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Figure 2-30 shows the common genes from the two significant gene lists. The number of
the filter icons at the left bottom indicates the number of the significant gene lists involved
combining. From the combined result the user can access other libraries by clicking the buttons at
the top row. Please be aware that if the user click Ingenuity button, the fold change results in the
significant gene list will be automatically be converted to log,Fold or original Fold (when 0< fold
<1, it will be — 1/Fold) in Ingenuity analysis results.

Fold converting option

2| @ log2(FOLD)
) ~/FOLD {when FOLD < 1)

OK Cancel

Figure 2-31: Fold converting options

The user can continually combine the already combined lists. The lists can be in the same
experiment or across different experiments, as long as the array types are the same. This function
is very helpful for finding the common genes across different experiment.

Import Significant Gene List:
The text file for Import can be loaded (Figure 2-32) and the data columns in the text file
can be mapped to ArrayTrack database fields. The user may have already noticed that the process

of importing Significant Gene List is quite similar to that of importing new array type (Figure
2-18).

Lookin: | 1 VPA Prog Mouse Liver - iw [ (o B
;rﬁ-wunurmmnw.mm ;
| wira rar s ST passtor. ot
iljwnmmmim

|1 VPR Inft 40 arvays. e

| Wi sauisie Lo Tor gt

|0 voa sam plat et

| Ve significant gena sttt

3T 5] -l
File Bame: VP& significant gens stbd 1
Filns of Typa: Al Fles -

Figure 2-32: Loading a text file with information about Significant Gene List associated with an
Experiment.
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Figure 2-33: Mapping Significant Gene List information to ArrayTrack database fields.

Export Significant Gene List:
Click the significant gene list->export sig. gene list-> save to local drive.
Delete Significant Gene List:
Click the significant gene list->delete.
To create significant gene list:
From T-test/ ANOVA result the user can set the filter criteria to get the significant gene
list. See Chapter 6.

VennDiagram

The Venn diagram is used to describe the relationships of multiple data set (C;, C,,
Cs...... Cn) which may have some (but not all) elements in common. ArrayTrack can draw the
VennDiagram with n<=3. There are 3 ways to activate VennDigram: a) select 2 or 3 significant
gene lists and right-click, choose VennDigram then select the ID for the mapping, b) from the
Tool panel, click VennDigram icon, c) from the Tool pull-down menu. See Figure 2-34.
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@ Scatterplot
#F Mixed Scatterplot
i ] A plot
I Wirtual Arvay Wiewwer

Open

Export

Rename
Delete

. EH MASS {DO_T12_B_b}[fil4 WennDiagram » Manufacture ID e, Rank Intensity Plot
> f§ EPA
o @ FDATRAINING ;DCD:?[:D O Wl BarChart
o f§ FEDERICO GOODSAID P .
o @ FOIAN | by Pathway @& vennDiagran{y

Figure 2-34: get common genes from 2 significant gene lists
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Yenn Diagram on LOCUSID
1/ Diagram |

122geneNorm_Fold1.5_P0.05 123geneMAS5 Fold1.5_P0.05
93 91

Color Chooser

Clear Color

Rename Label
Highlighted Data View, »

ID onby
Original data

135gene_PermutationP0.05Fold1.5
99

Figure 2-35: The result of the Venn diagram for the common genes

a) If you activate VennDiagram in the first way you will see the Venn diagram (Figure 2-35, an
example of the common genes from the 3 gene lists). The red text in the diagram represents the
name of the gene list, and blue number represents the number of the unique IDs in the significant
gene lists. The blue number in the overlapped part of the circles represents the number of the
common genes. The user can label the circles with different colors by right-clicking anywhere in
the window and select Color Chooser. Right-clicking -> choosing Highlighted Data View ->
selecting Original data will bring up the data tables for all the colored parts and selecting ID only
will bring up the table of common ID only. See Figure 2-36.

: 7
122geneNorm_Fold1.5_P0.05 ‘o' e X rm v
B 12z L [ Locusip 5 =" [
Input/Output Library GenelList
Input/Output
|5ig. GeneList Notes H [ chip Lib H £ Genes ||Hpru|eins H 32 Pathways ||"MKEGG H 7 PathArt ||H|ngenuny “ * | GOFFA H n) Ol P p
[ g5 | GENELIST_NAME EXFID | GEMEBANKACG| GENENAME[LOCUSID| FOLD | PVALUE |RANKING_ORDER| GEN_ID_MFR ’
SF Filter> |
1 122geneNorm_Fold1.5_P0|251 U25650 Nyt 24596 [1.8237 |0.0393 |112 U25650__at GENEID
2 122geneNorm_Fold1.5_P0|251 A1171644 Coxea2 25278 0.0257 re_AI171644_s ;
l= e 57 Filter= -
135gene_PermutationP0.05Fold1.5 :
8 . . 1 65196
InputiOutput Library GeneList
2 29298
‘Sig. GeneList Notes || [ chip Lib H§ Genes Hmprmems ||§Zpa|hways H i kEGG Hwnmmn H ¥4 ingenuity H * | GOFFA H ad o 20144
Eoa GEMELIST_NAME EXPID | GENEBANKACC] GENEMAME|LOCUSID| FOLD | PYALUE | RAMKING_ORDER| GEN, a 24595
T Filter» =
1 13508ne_PermutationPn 05Fold1] 251 K06E27 Hribs 25708 |1.6779 |0.05 132 06827 5 64304
2 135g8ne_PermutationP0.05Fold1, 251 %57968 Prrp3 29534 1635|005 [134 %5798 5 29795
l 135g8ne_PermutalionP0.05F old 1251 Jo0728 Cypzbl5 28205 05509 |0.035  [117 400728
4 135g8ne_PermutationP0.05F old1, 251 405030 Acads 4304 18765 (0035 |118 405030 i 304577
s 135g8ne_PermutationP0.05F old1, 251 41235707 Canx 29144 (27168 |0035  [122 re_Aiz3 ] 29534
Gl 135g8ne_PermutationP0.05F old1, 251 ARD45ETS Cyp2c39 (29203 05531 (004 [125 re_AAQ 5 25275
i 135g8ne_PermutationP0.05F old1, 251 AFD46BET Bigalts 65195 15356 005|131 AF048 |
i 135gene_PermutationP0 05Fold1 251 £A848421 304577 (17472 0015 |34 s88484 | 10 25709 -
<] I I Dl o |»

Figure 2-36: The original data view of the common gene list and original data with ID only
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b) If you activate VennDiagram (& ¥ennDiagram ) from the Tool panel, a pop-up window will
let you open your gene lists (maximum 3 gene lists) from the local drive. See Figure 2-37. Click
open button to load the gene lists and select the common ID column for the three gene lists, then
click Draw Venn button. The result of the VennDiagram will show, see Figure 2-38.

] venn Diagram o = B

Diagram | Datalnput

Set A: |122geneN0rm_FOId1.5_PD.05 |

nenelist_na.. expid genebankace genename locusid unigeneid |swissprot_...| descri

122genen... 251 LOGSEE 11 24388 -

122gener... |251 DE466T Fikdch 81747 =]

122genen... 251 Ma2a55 Cyp2el3 171521

122genen... 251 L25925 Ptogs2 20527

122gener... 251 AI235747 Gstal 24421 - |

[ i [ [*]

Set B: [123geneMASS_Fold1.5_P0.05 |

nenelist_na.. expid genebankace genename locusid unigeneid |swissprot_...| descri

123genem... 251 Dad46E6T Fikdch 81747 -

123genem... 251 AlDT3513 Cenkld G4462 =

123genem... 251 Ma2a55 Cyp2el3 171521

123genem... 251 J05181 Gele 25283

123genem... 251 031838 - |

<] 1 [ []

SetC: [1350ene_PermutationPO.05F 0ld1.5 |

nenelist_na.. expid genebankace genename locusid unigeneid |swissprot_...| descri

138gene_... |251 HOBE27 Hmhs 25709 -

138gene_... |251 HE5286 Hrmger 25ETE =]

1358gene_... |251 HATURE Pxmp3 20534

1358gene_... |251 AI228201

138gene_... |251 L1 7260 Mat 116631 |

<] i | [
Select common ID column for each table, then

Figure 2-37: open gene lists from local drive
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Color Chooser
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Figure 2-38: VennDiagram for three gene lists
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In Figure 2-38, right-clicking any highlighted area in the VennDiagram and choosing
HighlightedData View->Original data will bring up the tables (Figure 2-39) under “Datalnput”
tab showing the three original lists with some highlighted rows corresponding to the highlighted
area in the VennDiagram. The user can export those highlighted rows by right-clicking the rows -
>choosing Export-> selected rows. The unselected rows also can be exported in the same way. If
the user wants to clear all the highlights, s/he can choose “Clear Selection”.

VYenn Diagram
| Diagram | Datalnput | |

Set A; |122geneNurm_FuId1.5_F'IZI.EIS |

o' e A

genelist_na... expid genebankace] genename locusid unigeneid |swissg
122genehl. . |251 AF031E57 =
122genef... 251 METE7S Cddd 25406 —
122genen... |251 [31838 =
122genenl... |241 ARBE9320 -
LR TN 1 51 WETEDD TAmd 24011 —
1] Il | [}
Set B: |123geneh.-1A55_FaId1 A_P0.04 |

nenelist_na.. apid enehankace genenamea locusid uniceneid |swissy
TZ3genem | 7aT AlFATIRS TapkY AlESE -
123gened... 251 HEE420 tpo -

123geneM... |251 81232321 Clear Selection | =
123genean... (251 Li69245 Flosl Copy ¥| selected rows -
1‘2|3§leneru1... 25;; A-Ei945?ﬂ4 Export » uns&med —
SetC: |1Sﬁgene_PermutatiunPD.DSFDId1.5 |

nenelist Ha... apid enehankaco genenamea locusid uniceneid |swissy
1350ene_.. |251 L25925 Ptogs2 20527 =
1380ene_.. |251 HOE394 Abcct 24505 =]
1360ene_.. |251 AAEIE252 |
1350ene_.. |251 AFD486ET  |B4galth G5196 =
408 a Tt | LIcEnn? kAt La . I ' a | —
1| Il | [}

Select common ID column for each tahle, then

Figure 2-39: Original data view with highlighted rows corresponding to the highlighted area in
VennDiagram

c) Activate VennDiagram from the Tool menu.

Database Library ‘Tuul | Export Help

Visualizations ¥ 88 vqrtyal Array Viewer
Quality-Control ¥ geatter Plot

Normalization ¥ & mMixed Scatterplot

Analysis ¥ e MR Plot

Preferences... %, Rank Intensity Plot

Ay CelFile Tools |1 eross Dataset Gene Barchart...
Split File

% VennDiagram N

Figure 2-40: Activate Venn Diagram from Tool pull-down menu
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Chapter 3 Working with Libraries

The libraries within ArrayTrack provide a powerful capability to augment the analysis of
microarray data, and assist in the interpretation of experimental results. Even if the user is not
analyzing microarray data per se, the libraries provide significant utility for investigating
biological data since the salient information and data from public databases on sequence, genes
and their function, proteins and their function, conserved orthologous genes and pathways are
aggregated and interlinked.

The contents of the online version Libraries in ArrayTrack are updated weekly. If you
have a local installation of ArrayTrack in your own server, the Libraries are NOT automatically
updated. Instructions for updating your locally installed Libraries are available from our website
(http://edkb.fda.gov/webstart/arraytrack/).

The Library panel (Figure 3-1) provides access to the Gene Library, Pathway Library,
Protein Library, IPI Library, Orthologene Library, GOFFA Library, Chip Library, Toxicant
Library, EDKB Library and ID Converter tool. All libraries can be searched (or filtered) in a
number of ways to be explained below. Moreover, results of a query on a particular library can
generally be used as the basis for a subsequent search against another library, and so on, allowing
the user to drill-down to more detailed and related biological information. For example, the gene
library can be searched for a list of genes, the result of which can be used to search for associated
protein, pathway and cross-species orthologous gene information in one or more of the other
libraries.

The ID Converter tool is used for converting one type of ID to another, e.g. converting
Locus ID to Unigene ID or other ID. This tool will be very helpful for library searching.

@ Library Database | Library | Tool Export HEl[f
K 1D Corverter @ e £ Gene Library
£ Gene Library i & Pathway Library
% Pathway Library —; Databi 8 protein Library
B Protein Library = B ANG il Pl Library
- o @ FDA
il IF1 Library . g g repl () Orthologene Library
.;? Orthl:ull:ugn.ene Library X | FaiA | | GOFFA Library
= | GOFFA Library - oA Lo
. T G Al B Chip Library
07 Chip Library o f HAN i i
TR} Toxicant Library o § HON ¥ Toxicant Library
IEE EDKB Library T g B8O % EDKB Library

Figure 3-1: Libraries can be accessed from the Library panel or the Library pull-down menu.

ArrayTrack’s libraries integrate gene, protein, pathway and other data allowing data
interrogation and mining of data across data types. The Gene Library, Pathway Library, Protein
Library, IPI Library, Orthologene Library, GOFFA Library and Chip Library are interconnected
on the basis of gene, protein or species, whereas the Toxicant Library and EDKB Library are
interconnected with genes or pathways based on a chemical’s CAS number.

For ease of use, all libraries except the GOFFA present the same user interface, which is
split into two panels: 1) the left panel is the search form; and 2) the right panel is for displaying
search results (Figure 3-2). Additionally, the user interfaces for these libraries have been to the
extent practicable, designed to present identical or similar features and means for executing
functions and operations, that is, to have a similar “look and feel”. Thus, as the libraries are
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individually discussed below, redundancy will be minimized where possible. Therefore, once the
user understands the use of the Gene Library, this understanding will mostly apply to the other
libraries.

E.;:-! Gene Library

(1) Specify ID Type: * | GOFFA i EQE | | w Patmm@| ¥ ingenuity ‘ | &% Pathways ‘ | B proteins ‘ | Ta) Orthologene |
) GenBankAcc ] custo@ Table | Export | @ore Info ... |Select one é' Link TO .. |Selec1 one - @Jj ‘ E]@p—‘
! UnigenelD JQNENAME DESCRIPTION SPECIES CHROMLOCATION  [LoC |
7 Filter-= =
0 LocusiD 1 MBG alpha-1-B glycoprotein Homao sapien19q13.4 1 B
2 AZM alpha-2-macroglobulin Horma sapien12p13.3-p12.3 2
) SwissProtice 3 AZMP alpha-2-macroglobulin pseudogene Homo sapien12pl13.3-p12.3 3
© IMAGEID 4 A atrophia areata, peripapillary chorioretinal degeneration Hormo sapien11p1a g
5 NATT M-acetyltransferase 1 (arylamine MN-acetyltransferase) Hormo sapien 8p23.1-p21.3 9
) GEN_ID_MFR G MAT2 M-acetyltransferase 2 (arvlamine M-acetylransferase) Homo sapien 8p22 10
7 AACP atylamide acetylase pseudogene Horno sapien Bp22 1
) GeneName s SERPINAZ  |serine (or cysteine) proteinase inhibitor, clade A (alpha-1 antiproteinase, 2Homo sapien 149321 12
a AADAC arylacetamide deacetylase (esterase) Hormao sapien 3021.3-925.2 13
[FHs [OMm [JRn 10 AAMP angin-associated, migratory cell protein Horno sapien 2g35 14 /o
9 C Flarssarening Data: 11 AANAT arylalkylamine M-acetyltransferase Homao sapien 17925 15
12 AARS alany-HRMNA synthetase Horno sapien 16922 18
= §ie ASE1 adeno-associated virus integration site 1 Homa sapien19q13 17
i ABAT 4-aminobutyrate aminotransferase Homo sapien16p13.2 18
18 ABCAT ATP-binding cassette, sub-family A (ABC1), member 1 Hormo sapien9q31.1 18
18 ABCAZ ATP-binding cassette, sub-family A (ABCT), member 2 Homo sapien 9034 20
ABCAI ATP-binding cassette, sub-family A (ABC1), memher 3 Homao sapien 16p13.3 il
ABCET ATP-binding cassette, sub-family B (MDRITAP), member 7 Homo sapienXgl2-g13 22
ABCF1 ATP-hinding cassette, sub-family F (GCN20), member 1 Homo sapienbp21.33 23
— 7 ABCAY ATP-binding cassette, sub-family A (ABC1 ), member 4 Horma sapien1p22.1-p21 24
Library Messages: — et ABL1 v-ahl Abelson murine leukernia viral oncogene homolog 1 Homo sapien 9g34.1 25
22 ABP1 amiloride hinding protein 1 {amine oxidase (copper-containing)) Homo sapien 7q34-q36 268
23 ABLZ w-ahl Abelson murine leukermia viral oncogene homaolog 2 {arg, Abelson-riHomo sapien1g24-g24 27
2 ABD ABO hlood group dransferase A, alpha 1-3-N-acetyipalactosaminyltransfel Homo sapien 9934.1-034.2 28
25 ABR active BCR-related gene Homo sapien17p13.3 29
s ACANT acetyl-Coenzyme A acyltransferase 1 {peroxisomal 3-oxoacyl-Coenzyme AlHomo sapien3p23-p22 a0
27 ACACA acetyl-Coenzyme A carboxylase alpha Hormao sapien 17421 3
28 ACACE acetyl-Coenzyme A carboxylase hela Homao sapien 12924 .11 33
20 ACADL acyl-Coenzyme A dehydrogenase, lang chain Horno sapien 2g34-935 33
! ACADM acyl-Coenzyme A dehydrogenase, C-4 to C-12 straight chain Horma sapien 1p31 34 |5
S A TIED) il [ v ]

Figure 3-2: Gene Search panel displays the number of records in Gene Library.

Gene Library

Gene Library has human, mouse, and rat data. The user can double-click on Gene
Library to bring up the panel. The detailed functionality of Gene Library is summarized as
follows:

Working with the Table ©®

The main part of the Gene Library is an Excel-like spreadsheet table. As shown in
Figure 3-2, 109,290 records are present in the table (on 5-20-2005). All the gene records in
ArrayTrack are searched and the total number of records in Gene Library is displayed; however,
only the first few thousands (6,000) are retrieved and displayed in the result table. To get a more
complete list of the genes, the user needs to click on the (=) button shown at the left-bottom of
the result table (Figure 3-2).

Filter Genes: A very useful feature about the table is that the user can use a
combination of filters to display gene records of interests. The filters can be entered on the line
under the individual column names and at the right of the 57 Filter-= Sign. After the filters have been

entered, clicking the search icon @Q“EW (or pressing the Enter key) will display all the records
meeting the filter criteria. In the example shown in Figure 3-3, the user entered a histone
deacetylase filter under gene DESCRIPTION and a homo filter under SPECIES. As a result,

12 records met these search criteria: 12 human (Homo sapien) genes are (related to) histone
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deacetylases (HDACS). It is clear from the PATHWAY and ONTOLOGY columns that the
biological functions of HDACs are mainly cell cycle-related.

It is important to note that by default all the filters are operating in a logic “AND”
manner, i.e., only those records that meet *all* the filter criteria will be displayed.

More sophisticated queries can be entered. For example, the user can add additional
Filters by clicking on &2 and the entered search criteria can be combined in complicated logic
operations as illustrated by example in Figure 3-3. Newly inserted filtering rows can be deleted
by selecting it, right-clicking on them and then choosing “remove this filter row”.

‘ “ | GOFFA | ‘ ™ kEGG | | 7 Pathart | | B ingenuity ‘ | 2 Pathways | | B3 Proteins | ‘ ) Orthologene |

& | Customize Table | Export ‘ More Info ... ‘Select one |v‘ Link To ... |Se|ec1 one -- |v‘ ‘ Dl elp

GEMEMNAME DESCRIPTION SPECIES CHROMLOCATIORN

7 Filter-> |=|
AND | =
IAND |41 BG alpha-1-B glycoprotein Homo sapier19013.4 %W add new fitter row
IOR 20 alpha-2-macroglobulin Homao sapien12p13.3-p12.3 =
AND 2P alpha-2-macroglobulin pseudogene Homo sapien12p13.3-p12.3 remove this filter [{%w
AND( A A atrophia areata, peripapillary chaorioretinal degeneration Homo sapien11p15 Lihraw »
PANDC | HiyaTe N-acetyltransferase 1 (arvlamine N-acetyltransferase) Horno sapien 8a23.1-p21.3
AND..) L Y a2 N-acetyltransterase 2 (anlamine N-acetytransferase) Homo sapien 6p22 Iihl Bar Chart
pOR _ILAACF' anlamide acetylase pseudogene Homo sapien8p22 Customize Table

= —ISERPINAZ serine {or cysteine) proteinase inhibitar, clade A {alpha-1 antiproteinase, §Homo sapien 140321
a AADAC anflacetamide deacetylase (esterase) Homo sapien 3021 3624 2 Export

Figure 3-3: Use of a combination of filters to find out interesting genes.

Sort Table by Column: The table can be sorted (= or =) by toggling on the column

header and then pressing @Q“‘-‘W. Note that the sorting is performed in a way that is consistent
with the inherent definition of the data type of the column field. For example, GENENAME is
searched by ASCII order (Figure 3-4A), whereas LOCUSID is searched by numerical order

(Figure 3-4B). An additional sorting column can be added to a previously sorted table.

@ | Customize Tahle ‘ “ | GOFFA ‘ ‘ i keGe ‘ ‘ 7 Pathirt H BB ingenuity ‘ ‘ % Pathways || 3 proteins |E
~ GEMEMAME @ More Info ... |Selet:l one -- ‘ - | Link To ... ‘Selecl one —
A B 39L15 GENENAME DESCRIPTION SPECIES CHROMLOCATION  LOCUSID B
3862 k=2 7 Filter>
3863 3P185 1 A1BG alpha-1-B glycapratein Horno sapien19q13.4 1
3564 1p1aT 2z A2l alpha-2-macroglobulin Homao sap%lumsa-mz.a 2
3 AZMP alpha-2-macroglobulin pseuiHomo sapier{12p13.3-p12.3 3
2865 38 4 A atrophia areata, peripapillary Homo sapier11p15 8
3066 aT 5 HAT1 M-acetyltransferase 1 tarylar Homo sapien8p23.1-p21.3 g
2867 a4 3 MATZ M-acetyitransferase 2 (ar‘v\aﬂHumu sapler|8p22 10
3968 211 o AACP arylamide acetylase pseudoc Homo sapier(8p22 11
Gl SERPINAZ seting (or cysteine) proteinas Homo sapier{14g32.1 12
3869 3 9 AADAC arylacetamide deacetylase (g Homo sap%l:iqm 3-025.2 13
3870 belic] 10 AAMP g , migratary { Hamo sapler 2035 14
ZET1 A0.MMHAP TEFLF 4 11 AANAT anylalkylamine M-acetyltransfi Homo sapier 17925 14
e 40129506 12 AARS alany-RMNA synthetase Homo sapien 1622 16
13 AAVE1 adeno-associated wirus integ Homo sapisn 19013 17
3873 4044 14 ABAT 4-aminohutyrate aminotransfHomo sap\erh Bp13.2 18

Figure 3-4: Genes can be sorted by columns. (A) Sort by GeneName; (B) Sort by LocusID.

Rearrange Table Columns: The order in which the columns are arranged can be
changed by dragging and moving a particular column header to its desired position.

Searching Functional Information for a List of Genes @

There are three simple steps to find functional information for a list of genes using the
functions in Box @ as shown in Figure 3-2:
1. Select a gene IDs (e.g. GenBank accession number, UniGene ID, LocusID, Swiss-Prot
accession number, manufacturer’s gene ID, and gene symbol) that matches the ID of the
gene list.
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2. Cut/paste a list of gene IDs of the gene list from e.g. an Excel spreadsheet into the Enter
Searching Data box. The gene IDs can be separated by space “ 7, <tab>, “:”, *“;”, or
<Enter>. Checkboxes for Hs, Mm, and Rn are provided for specifying a gene search
query (when the ID type is Gene symbol). A [€lear button is provided for clearing all the
entries in the Enter Searching Data box.

3. Click search to find functional information for the gene list in the Enter Searching Data
box, which are displayed in a spreadsheet-like table on the right side (Box @). Further
search can be conducted within the domain of the results from a previous search by
checking the within result option next to the Search button.

Figure 3-5 displays the results of searching against GeneSymbol for a group of 12 histone

deacetylase (HDAC) related genes. The first column is the input gene name that the user
types/pastes in the searching section. The rest columns are the matching results for the genes.

{:;'-1 Gene Library

@Snecifyln Type: | = | GOFFA H 2 kEGG H W Pathart H BB myenuity H F2 Pathways H B proteins H ) Orthologene ‘
S GEHE TR IE: & | customize tabie | Export | moremto... [setectone— || Lk To ... [Selectone -- [~] ‘ [Z1Hep ‘
T 1
) UnigenelD 7§§—|—‘HNPUT GEMENAME | SENENAME DESCRIPTION SPECIES | CHROMLOGATION|LOCUSID E
7 Filter.» T =
© LocusiD 1 HDACE HDACS histane deacetylase 3 |Horo sapien5031 8841 @_qli;a_@gt_nsﬁ@[ﬂ_ma_ﬁn‘
5 2 HDACH HDACA histone deacetylase 4 | Homo sapien2g37.2 8758 B-cell differentiation;cell
£ SwissProtace 3 HDACS HDAGS  |histone deacetylase 5 | Homo sapien17g21 10014 |Brcell differentiation:chro
) IMAGEID I+ HDAC2 HDAC2 histone deacetylase 2 |Homo sapien6g21 3068
8 HDAC1 HDAC1 histone deacetylase 1 |Homa sapien1p34 3065 anti-apoptosis;chromating
3 GEN_ID_MFR &l HDACE HDACE histone deacetylase § |Homo sapienpt1.23 10013 |cell eyele,chromatin modi
4 HDACSE HDACS histone deacetylase 8 |Homo sapien7p21.1 9734 B-cell differentiation.chrol

(® GeneName
Hs [IMm []Rn

,@‘H’nsg&an:hing Data:

GENENAME
HDACT
HDAC2

[

HDAC3
HDACY
HOACH
HDACH
HDACS
Hdac1-ps
Hdac2
Hdac3
Hdacs
Hdacb

@ Search | Clear

Message:
unigue search ID number (9

I1|

< 0 I vl |

< [l

Figure 3-5: Gene Search results by searching against GeneSymbol and Homo sapiens.

More Information about a Gene @: On the top of the result table there are several
comboboxes: “More info” allows the user to view detailed information for a selected gene record
(Figure 3-6), including Synonym, NCBI RefSeq, GenBank Sequences, Gene Ontology,
References, Chromosomal Map, Pathway, and Summary. Select the item that you wish to view
and click on OK.

More Info ... |Selectone - |

SPECIES Select one -- -
Gene Synomm
Gene Summary
Gene Ontology | =
MCBI RefSeq
GenBank Acnl%s
Homo sapienpmhww
Homa Sapienprmein Syno |

HOMO SAPIE
Homo sapiern
Homo sapien
Homo sapier

Figure 3-6: More information can be displayed for a selected gene record.
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Link to Other Public Databases ©: “Link to” allows the user to open the official
web pages (UniGene, EntrezGene, LocusLink, OMIM, GeneCard, Swiss-Prot, GDB, KEGG, IPI,
GeneBank, UniSTS and Homologene) for one selected record (Figure 3-7).

“ | GOFF& i KEGG o7 Pathart i i P ", Proteins o) Orthologene
Lied
@ ‘ | Customize Table | Export | More Info ... = Link To ... |Select one -- |v | E‘?]Help |

227 | GENENAME DESCRIFTION SPECIES | CHROMLOGATION | Locug>elect one - = PROCESS
T Fiter> HISTOME DEA HOMO SAPIEM EntrezGene L =
1 HDAC histone deacetylaze 1 Homa sapiens |1p34 3065 I()MIM atin modificat
2 HDAC?Z histone deacetylase 2 Homo sapiens |6g21 3066 o
2 HDACS histone deacetylase 3 Homo sapiens |5g31 2841 Chr 1 Map atin modificat
4 HDACH histone deacetylase 9 Homao sapiens |7p21.1 9734 |gwissprot hromatin ma
5 HDACA histone deacetrlase 4 Haomao sapiens |2037.2 9759 |cpm el cycle;chra
=] HDACE histone deacetylase & Homo sapiens |¥p11.23 10013 — cell cye e;cﬁromafﬁ odification;d
G HDACS histone deacetylase 5 Homo sapiens [17021 10014 B-cell differentiation;chromatin ma
g KRT23 keratin 23 histone deacetylajHomo sapiens [17g21.2 25984
a9 HOACTA histone deacetylase 7A Hormo sapiens |12913.1 51664 E-cell differentiation;chromatin mo
10 HDACSE histone deacetylase 8 Homo sapiens |Xg13 55869 chromatin assembly or di n
11 HDACT1 histone deacetylaze 11 Homa sapiens |3p25.1 Thass chramatin modification;histone de

Figure 3-7: Official web sites are linked for a selected gene record.

Sort Genes Based on Their Common Pathway and Proteins (® and ®): The

user can highlight any number of genes in the table and click| v Kegg |or| W Pathirt_| 4
reorder the highlighted genes based on their shared common pathways. Details are discussed
under Pathway Library.

3 Proteins .. 3]lows the user to explore the protein information for the selected genes.
Details are discussed under Protein Library.

Customize Table®: The table that displays search results can be customized by
clicking on Customize Table button in Figure 3-2. The user can select particular fields to be
displayed in the table (see Figure 3-8).

Select fields for display R‘
% [l LOCUSID [v| ORGANISM [ SUMMARY
[ SWISSPROT_ENTRY_NAME | PATHWAYS [1 onm
[¥| CHROMLOCATION [ ECHUM ] SWISSPROT_ACC_NUMBER
[T PRODUCT ["] UNIGENEID [l MOLECULAR_FUNCTION
[¥| CELLULAR_COMPONENT  [v| ONTOLOGY vl DESCRIPTION
[ GENENAME [ BIOLOGICAL_PROCESS

Figure 3-8: Table items that can be chosen for display in the Gene Search results table.

Export Table Contents to a Local File @: The contents of a search result table can
be exported to a text or Excel file on a local disk by clicking on the Export Table. The dialog
box shown in Figure 3-9 allows the user to customize the contents and format of the data to be
exported.

Tip: The user can use Copy/Paste to transfer table contents to other applications.

i Expart o File 3]
Sk | Locsl Dk (0 ~ | ][] [ RIS
CI06LL CINOwELL (5 7NChent | Selncted rows anly
[~ focunents and Sestings £ Prograen Fies. [ mutoen a
IovERS: =L D comaen - it rames, oo thosin mat echod yot
1 aPressspl 1 e DYCONG 1w ol Naes s Fiest Rowe
nes i winows [\nncm‘ T
Clzsdar.a n2 ClwiToenp [ teomtiay ko
YL T =T 5 Plae Toel
Filos of Type: Al Files. =

Save Cancel

Figure 3-9: Export of search results into a local text or Excel file.
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Copy/Paste selected rows/columns: The user can select some of the records, right-
click the highlighted rows, choose “Copy selected rows to clipboard” and then pasted at the other
place. If the user only want to copy a specific column of the selected rows, he can highlight the
rows first, move the mouse to the column to be copied, then right-click and choose “Copey
selected columns on selected rows to clipboard”. See Figure 3-10.

Stop a Search Session: When a query is being searched, the @Q“EW button becomes

grayed out and the arrows keep spinning (":J ). The user can terminate the current search
session by clicking on @Stop,

Launch Bar Chart for Selected Genes: Bar Chart across multiple arrays (also see
Chapter 6 for more information on the use of the Bar Chart) can be launched by right-click on (a
maximum of five) selected genes (Figure 3-10).

3 HOACS Ihistone deacetylase 3 lbinemn canians [5am1 a1 [anti optosis;chraomatin modificat
4 HOACH histone deacetylase 9 @I Copy selected rows to clipboard differentiation;chromatin moi
3 HOAC4 histone deacetyase 4 @ Copy selected column on selected rows to clipboard | [differentiation;cell eycle;chror
& HDACH histone deacetylase & Library , [cle;chramatin modification;ds
7 HDACS histone deacetylase 5 differentiation;chromatin moc
5 KRT23 keratin 23 (histone deg Ba%c"a“

g HDAGTA  |histane deacetylase 74 Customize Table differentiation;chramatin mar
10 HDACS histone deacetylage o | EXpOrt atin assembly or disassemt
11 HDACT1  |nistone deacetilase 11 |Homo sapiens |3p25.1 |7e885  |chromatin modification;histone dec

Figure 3-10: Launch Bar Chart for selected gene records.

User can also click HelpD to get information about the libraries (Figure 3-11).

Figufe 3-11: Information on the libraries under Help menu

Pathway Library

The Pathway Search panel can be activated by clicking on B Pathway Library jn the
Library panel or Library pull-down menu (Figure 3-1).

Figure 3-12 shows that pathway information is available in ArrayTrack for 31,257genes.
This library contains pathway information from KEGG and ParthArt.

The user may have already noticed that the user interface for the Pathway Search panel
is the same as that of the Gene Search panel (Figure 3-2). As with the Gene Library, clicking
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the Customize Table button will display a panel for the user to customize the information that
will be displayed (Figure 3-13).

™™ Pathway Library
[Genelnfo | Compound Info | | “ | GOFFA || W KEGG || W Pathart H FH Ingenuity || 3 proteins || £ Genes || (%) Orthologene || ¥ chip Lib |
@Specify 1D Type: 1
| & [ customizeanie [ Export | Morelnfo .. [Selectone— | |LinkTo .. [selectone~ |+ | @hen |
& Corarice : GENENAME |S0URCE WAPTITLE SUBCATEGORY CATEGORY PATI
) UnigenelD BEE e é
Bl ! BIGATZ KEGG  |Chondroitind Heparan sulfate hiosynthesis | Glycan Biogynithesis and Metabolism | Metabolic pathway | Metabalic—
) LocusiD 2 ADHFE1 KEGG  |Glyeolysis i Gluconeogenesis Cathohydrate Metabolism Wetabolic pathweay |Metaball
B <! ADHFE1 KEGG Fatty acid metabalism Lipid Metabalism Metabalic pathway | Metaboli
) SwissProtice A ADHFET KEGG Bile acid hiogynthesis Lipid Metaholism Metabalic pathway | Metaboli
5 ADHFE1 KEGG Tyrosine metabalism Amino Acid Metabolism Metabolic pathway | Metaboli
£ IMAGEID 1 ADHFET KEGG | Glycerolipid metaholism Lipid Metabolism Wetabolic pathway |Metabali
7 ADHFE1 KEGG 1- and 2-Methylnaphthalene degradation Regulatory pattnay Regulatory pathway | Regulato
e GENKIDEMER i TAFTL KEGG  |Basaltranscription factors Regulatory pathvray Regulatory pathay |Regulato
O GaneName e WLC1SA KEGG  |Focal adhesion Regulatory pattway Regulatory patteway | Regulato
+{o TWMEM3T KEGG MAPK signaling pathway Regulatory pathway Regulatory pathway | Regulato
PWHs [OMm [JRn 1 RPLTOL KEGG  |Ribosome Regulatory pathvray Regulatory pathay |Regulato
1z PRICKLE1 KEGG ‘Wnt signaling pathway Regulatory pattray Regulatory pattweay | Regulato
@ Enter Searching Data: 13 CAPM12 KEGG  |Apoptosis Regulatory pathway Regulatory pathway [Regulato
Bl TRIF KEGG  |Tall-like receptar signaling pathweay Regulatory pattay Regulatory patteway | Regulato
15 IL23R KEGG Cytokine-cytokine receptar interaction Regulatory pathway Regulatory pathway | Regulato
15 IL23R KEGG  |Jak-STAT signaling pathway Regulatory pattiay Regulatory patteway | Regulato
17 CLDMN1G KEGG Tight junction Regulatory pattrway Regulatory pattmeay | Regulato
18 SMFTLK KEGG  |Inositol phosphate metabolism Carhohydrate Metabolism Wetabolic pathway |Metabali
x| e SHFTLK KEGG  |Benzoate degradation via CoA ligation Biodegradation of Xenohiotics Wetabolic pathweay |Metaball
@ _ 0 SMF1LK KEGG Micotinate and nicotinamide metabolism metabolism of Cofactors and Vitamins | Metabolic pathway  [Wetaboli
fl- SHFTLK KEGG  |Phosphatidylinositol sighaling systern Regulatory pattway Regulatory patteway | Regulato
| Oy GDF? KEGG TGF-beta signaling pathway Regulatory pathway Regulatory pathway | Regulato
Library Messages: Total 207 iy DT#3L KEGG Motch signaling patheay Regulatory pathay Regulatory pathway | Regulato
pathway m the database 29 ARMOTLA KEGG  |Tightjunction Regulatory pathuway Regulatary pathweay |Regulato
25 SEC11L2 KEGG Protein expaort Regulatory pathway Regulatary pathwiay | Regulato
128 DGkH KEGG Glyceralipid metabolism Lipid Metabolism Metabalic pathway | Metaboli
f-2 DGKH KEGG Ghycerophospholipid metabolism Lipid Metabalism Metabolic pathway |Metaboli i
- — D(‘BKH KEGG __|Phosphatidylinositol 5|‘unalmu systermn Regulatory pathra Regulatory patta Reuulfto‘L
iz 1 Il »
Sk

Figure 3-12: Pathway Library window

3

Select fields for display

? LOCUSID ORGANISM [ | COMPOUND_FORMULAS
[ ] SUMMARY SWISSPROT_ENTRY_NAME COMPOUND_NAMES
[ | CHROMLOCATION [ ] omMim [ ]ECHUmM
SWISSPROT_ACC_MUMBER MAPTITLE IMAGEID
[ | PRODUCT [ | UNIGENEID SOURCE
SUBCATEGORY [ | ONTOLOGY GEMEMAME
PATHWAY DESCRIPTION CATEGORY
[ | COMPOUND_CAS [ | MAPID
0K Cancel

Figure 3-13: Select fields for display

Two types of search can be done in the Pathway Library: 1) search based on gene
information; and 2) search based on chemical compound information. The user chooses the type
of search by clicking either the Gene Info tab, or the Compound Info tab that are located in the
upper left of the panel (Figure 3-12).
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athway Libra
Compound Inf ‘ * | GOFFA ||| I kEGG || W Pathart ‘ ‘ B ingenuity m B8 proteins || % Genes || ©) Orthologene
@Specifle Type:
: @ | l Customize Table | Export | More Info ... ‘Select ohe - ‘v|Link To ... |Selel:1 one — ‘v| | L_‘i'jHeIp |
© GenBankAcc i % | GEMENAME |SOURCE| MAPTITLE SUBCATEGORY
(2 UnigenelD S e ;
b BIGATZ KEGG Chondroitin/ Heparan sulfate bio Glycan Binsynthesis and Metabo—
) LocusID o ADHFE1 KEGG  |Glycolysis i Gluconeogenesis Carbohydrate Metabolism
i ADHFE1 KEGG Fatty acid metabolism Lipid
) SwissPratAcc Ha ADHFE1 KEGG Bile acid hiosynthesis Lipid Metabalism
oa ADHFE1 KEGG Tyrosine metabolism Amino Acid
2 IMAGEID ‘e ADHFE1 KEGG | Glyceralipid metabolism Lipid Metabalism
7 ADHFE1 KEGG 1- and 2-Methylnaphthalene dearadation Regulatary pathway
() GEN_ID_MFR
& TAF1L KEGG Basal transcription factors Regulatory pathway
= CandMame e MLC1SA KEGG Focal adhesion Regulatory pathway
10 TMEM37 KEGG MAPK signaling pathway Regulatory pathway
WiHs [IMm []Rn 11 RPL1OL KEGG Ribosome Regulatary pathway
12 PRICKLE1 KEGG wynt signaling pathway Regulatory pathway
@ Enter Searching Data: 12 CAPPT2 KEGG  |Apoptosis Regulatary pathway
= 14 TRIF KEGG Toll-like receptor signaling pathway Regulatory pathway
o158 IL23R KEGG Cytokine-cytokine receptor interaction Regulatary pathway
B IL23R KEGG Jak-BTAT signaling pathway Regulatory pathway
f CLON1Y KEGG Tight junction Regulatory pathway
| 1 L1 SMF1LK KEGG Inosital phosphate metabolism Carbohydrate Metahalism
i1e SMF1LK KEGG Benzoate degradation via CoA ligation Bi on of ¥enohiotics
@ [] withinresult |20 SHFI1LK KEGG  |Micotinate and nicotinamide metabolism Metabolisrn of Cofactars and Vit
s SMF1LK KEGG Phao ositol signaling system Regulatory pathway
_ 2z GDF7 KEGG TGF-beta signaling pathway Regulatary pathway
czE OTH3L KEGG Motch signaling pathway Regulatory pathway
Library Messages: (otal 207 - 23 AMOTLY KEGG Tight junction Regulatory pathway
pathway in the databagE—" 25 SEC11L2 KEGG Frotein export Regulatory pathway
26 DGKH KEGG I lipid rr Lipid
27 DGKH KEGG Glycerophaspholipid metabalism Lipid Metabalism
28 DGKH KEGG Phao ositol gignaling system Regulatory pathway
29 SPRED1 KEGG Jak-BTAT signaling pathway Regulatary pathway
a0 MNAGS KEGG Urea cycle and metabolism of amino groups Amino Acid n =i
= Gomn) 4 1 I [

Figure 3-14: Pathway Search panel for gene information.

When searching by Gene Info, the user specifies the type of ID, types or pastes the ID in
the window, and then clicks the search button. All the pathways related to the genes are
displayed. Also note that a button is provided to clear the contents in the search data window. If
searching by GeneSymbol (i.e., gene name), then the user can check the boxes to include Human
(Hs), Mouse (Mm) and Rat (Rn) in the search.

When searching by Compound Info, the user can specify compound name (“=" option)
or part of a name (“contains” option), and/or the number of carbon, hydrogen or oxygen atoms in
the compound’s chemical formulae, and/or the compounds CAS Number. CAS numbers can be
typed or pasted in the window provided, and can be cleared by clicking the clear button. An
example of searching by chemical formula is shown in Figure 3-15.

Note that, for searching for either Gene Info or Compound Info- based search, a
subsequent search can be performed that is limited to the genes or compounds associated with the
previous search by checking the “within result box”.

As for the Gene Library, the user can rearrange the table columns by dragging and
moving the column header.
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% Pathway Library

Gene Inffo | Compound Info

1

4-Methyl-5-(2-phosphoeth I)-thialzule

| Export | Genes on Pathway | m KEGG | Link To elect one -- ‘V‘ | Go ‘ ‘ m Help |
rCs Fields
3 57 I ~ COMPOUND_FORMULAS | SOURCE COMPOUND_NAMES MAPTITLE su
Name: ANF Filters |~
] H [ceH1008, 162.0528 EGG 3-Ethylmalate Glyokylate and dicarhoxylate metabolis Carba
i@ CEH1007, 194.0427 EGG D-Tagaturonate Pentose and glucuronate interconvers Carbol
S FOrmla 3 CEH100%, 162.0528 EGG (R)-2-Ethwimalate Pyruvate metabalism Carbol
B (CEH1005)n; G10532 EGG 1,4-beta-D-Mannan Fructose and mannose metaholism | Carbol
l (& |u H |l| Q | ' 5 CEH1004; 146.0579 EGG 2-Dehydropantoate Pantothenate and Cod hiosynthesis | Metab
|6 C18H30015{(CEH1005)N; G105KEGG Cyclomaltodexttin Starch and sucrose metabolism Cathal
“Mol. ID :E 7 CEH1005; 162.0528 EGG 2,3-Dimethylmalate C5-Branched dibasic acid metabalism Carbol
£[8 CARH1006; 1780478 EGG 2-Dehydro-D-glucose Fentose phosphate pathway Carbol=
= a CHEH1007; 184 0437 EGG 3-Dehydro-L-gulonate FPentose and glucuronate interconvers Carbol
#p10 CHH1005; 162 0528 EGG L-Rhamno-1 4-lactone Fructose and mannose metabalism | Carbaol
B L] CEH1004; 146 0579 EGG {R)-4-Dehydropantoate Pantothenate and CoA hiosynthesis | Metabi
o2 CEH1007; 194 0427 EGG 2-Dehydro-D-gluconate Pentose phosphate pathway Carbol
R CEH10045, 162.0528 EGG iR)-3,3-Dimethylmalate Pantothenate and CoA hiosynthesis | Metah
e CHEH10M2045, 190,059 EGG MN-Carbamyl-L-glutamate Histidine metaholism Aming
K 18 CEH1006,178.0478 EGG 3-Keto-heta-D-galactose Galactose metabolism Carbol
:e CEH10M203; 158.0692 EGG 4-Methylene-L-glutamine Z5-Branched dibasic acid metabolis Camui
i 17 CEH1004; 162.0528 EGG 2-Dehydro-3-deoxy-D-fuconate Fructose and mannose metabolism | Carhol
_f 13 CEH1006; 176.0478 EGG 2-Dehydro-3-deoxy-D-gluconate Pentose phosphate pathway Carhol
Il o118 CEH1006, 176.0478 EGG 2-Dehydro-3-deoxy-D-gluconate Pentose and glucuronate interconvers Carbol
'f 20 CBH1004; 146.0579 EGG (51-2-Aceto- 2-hydroxybutanoate Waline, leucing and isoleucine biosynt Aming!
21 CARH1005; 162 0538 EGG 3-Dehydro-3-deoy-L-rhamnonate Fructose and mannose metabalism (Carbol
- CARH1006; 1780478 EGG 2-Dehydro-3-deoxy-D-galactonate Galactose metabolism Carbol
_ ‘|2 CEH1006; 178.0478 EGG 2-Denwy-5-keto-D-gluconic acid;; DKHInosital metabolism Carbal
|24 CAEH1003; 130 063 EGG 4-Methyl- 2-oxopentanoate;; 2-OxoisogValine, leucine and isoleucine degrad Aming
i CEH1003; 130,063 EGG 4-Methyl-2-oxopentanoate;; 2-OxoisodWaline, leucine and isoleucine hiosynt| Aming
Library Messages: Total 207 -8 CEH10MNO3RE; 176.0381 EGG alpha-Aminoadipoyl-5-acyl enzyme;; ALysine hiosynthesis Aming;
pathrway i the database a7 CEH10032; 130,083 EGG 3-Methyl- 2-oxopentanoate;; 2-Oxo-3-n¥aline, leucine and isoleucine degrad Aming
:E 28 CEH10M204, 1740641 EGG M-Formimino-L-glutamate;; MN-FormimHistidine metabolism Aming
“l2g CEH1004, 146.0579 EGG 4-Hydroxy-2-0xohexanoic acid;, 4-Hyd Toluene and xylene degradation Biode
‘=0 CEH1003; 130.0683 EGG Adipate semialdehyde;; Hexan-1-one{Caprolactam degradation Biode
e CEH10MNO4PS; 223.0068 EGG Thiamine metabolism Metak E
i —

[

Figure 3-15: Pathway searching panel for compound information

The user can select a group of interesting or relevant genes from the display table and
request pathway information from ArrayTrack. After the selecting the genes, the user clicks on

either the| WKews | or | wPatart | button; since Kegg and ParthArt are different libraries,

probably different search results can be expected. There is another button B ingenuity o
pathway that will be addressed in detail later. In Figure 3-16, highlight all the filtered genes after
typing “citrate cycle” in the first row, then click | #reas |

* | GOFFA { ™ KEGG XWPathnrt 5| BB ngenuity || 3 Proteins || £ Genes || 1) Orthologene |

@ | | Customize Table | Export | More Info ... Link To ... |Select one -- |V| | E] Help |
GENEMAME [SOURCE MAPTITLE SUBCATEGORY CATEGOR
S Filter> CITRATE CYCLE sl
1 SUCLGZ KEGG Citrate cycle (TCA cycle) Carbohydrate Metabolism Metaboalic path
2 SUCLGT KEGG Citrate cycle (TCA cycle) Carhohydrate Metabolism Metabolic pathe
3 SUCLAZ KEGG Citrate cycle (TCA cycle) Carbohydrate Metabolism Metaboalic path
4 SDHA KEGG Citrate cycle (TCA cycle) Carbohydrate Metabolism Metaboalic path
i SDOHE KEGG Citrate cycle (TCA cvcle) Carhohydrate Metabolism Metabolic path
=] SDHC KEGG Citrate cycle (TCA cycle) Carbohydrate Metabolism Metaboalic path
7 SDHD KEGG Citrate cycle (TCA cycle) Carbohydrate Metabolism Metaboalic path 1
& QGoOH KEGG Citrate cycle (TCA cvcle) Carhohydrate Metabolism Metabolic path I
g FC KEGG Citrate cycle (TCA cycle) Carbohydrate Metabolism Metaboalic path
10 FCK1 KEGG Citrate cycle (TCA cycle) Carbohydrate Metabolism Metaboalic path

Figure 3-16: type “citrate cycle” in the first row for filtering, then highlight all the filtered results.

After clicking on the | Wkess | putton, the user is prompted to select which species is to
be searched (Figure 3-17). Multiple species can be specified for one search.
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Select penome

Select genome
’7@ Human [_] Mouse [_] Rat
| OK | | Cancel |

Figure 3-17: Select species for Pathway Search.

All pathway information related to these genes is displayed in a separated table, called
Pathway table, as shown in Figure 3-18. At the bottom of the pathway table, a summary on
pathway information is provided: Total submitted genes: 33, 18 genes found, 15 not found, Total
13 pathway maps, indicating that the user submitted 33 genes to ArrayTrack for pathway
information and pathway information is available for 18 genes, which are involved in 13 different
pathways. The Pathway table is organized by gene name, Locus ID, pathway map, and the
category of the pathway.

%és KEGG Pathway(hsa)

Fisher P Value
0.23230734 |~ |

Category
Carbohydrate MetabolismMetabolic ..

Gene
DLD
ACO1
DLD
|IDH1

Map
Glycolysis | Gluconeogenesisthaa00nt o)

IDH3A
IDH3G
SUCLAZ
SUCLG2
SUCLGT
OGOH
IDH3E
IDH2
DLET

Citrate cycle (TCA cycle)(h=a00020} Carbohydrate Metabolism/Metaholic . |0E-2

DLD 015494059
DLET
OGOH

0GOH

Glycine, serine and threonine metabolismihsan02. . [Amino Acid MetabolismiMetabolic pa..

Lysine dedradationihsal0310) Arnino Acid MetabolismiMetabolic pa... |0.01B96835

1

Tryptophan metabolismihsad0380) Aming Acid MetaholismiMetaholic pa...|0.29695011

Input genes =12, 12 genes found, 0 notfound, Total 11 pathway maps.

&4 Pathart for Mus musculus

€

Component na..

Fattmay Hame Qrganism  [PhwsiologywDis. [IS_PHYSIOLD.. [ Pathway Type | Fisher P Walue
Pkl Insulin Signali... \Mus musculus |Diabetes Type ll|Disease Signaling 1128645 |~ |
Ii\clv Leptin Signali... |Mus musculus |Diabetes Type ll|Disease Signaling 0.044886
IF'ck1 FFPAR Mediate... \Mus musculus |Diabetes Type ll|Disease Signaling 1.0186498 =
IF'ck1 FRARG Media . |Mus musculus |Diabetes Type ll|Disease Signaling Q.ogs¥an
IF'ck1 S0CS Mediat.. Mus musculus |Diabetes Type ll|Disease Signaling 1.021066 -

ITDtaI genes =249, Found genes= 2, Found pathways= 4

Figure 3-18: Search results from Kegg (A) and PathArt (B).
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pathway is highlighted. By clicking on the pathway that is highlighted, you will be directed to

the KEGG/Pathway HTML page (Figure 3-19).

K[cc Androgen and estrogen metabolism - Homo sapiens

[ Pathway menu ]
Homo sapiens hd Current selection  Select
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Figure 3-19: A list of the pathways in which the eleven genes are involved is displayed in the

format of KEGG/Pathway database search result.

In Figure 3-18B, the user can highlight and then double-click one record, then the

Jubilant Biosys’s PathArt will show up, see Figure 3-20.

|‘
=]
]

o Pathiit
Iie View Opsom Sewch I
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s pans s Dxatetens Typr I S Pl
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Figure 3-20: Jubilant Biosys’s PathArt
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Click the pathway name under the “Result” tab in the left panel, the pathway will show

uE in the ri%ht ﬁanel. See Fi%ure 3-21.

File View Oplins Search Heip
zomlodsensale=
Fopori | e | Logends || 100 Pty Deagram |
D paroway Searcn meun Insulin Signaling Pathway
£l = Mus muscuies

£ @ Diabutes Tepe 1l
2 Insuin Eignakng Faltreiry

CﬂN"h

IUI:(N‘YL‘UIM 058 Tranagad
{Decresss in rnsiotaton of GUSTE |

IFos Lilsg
Fowat [ I

L

Figure 3-21: Pathway from PathArt

Chemical structures can also be displayed by double-clicking on the compound name.
The Pathway table can also be saved in a local file by clicking on &, see Figure 3-18.
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Figure 3-22: KEGG pathway map (hsa00120) on Bile acid biosynthesis. Query compounds are
highlighted in red cycles.
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Ingenuity Library

Ingenuity delivers systems biology expertise to biologists and bioinformaticians through
pathways analysis software, genome-scale computable network databases, and knowledge
management services and infrastructure, resulting in increased R&D productivity and faster drugs
to market. This manual will not describe how to use Ingenuity software. For more information
about Ingenuity, please visit website: http://www.ingenuity.com/. This website provides tutorial
and manual for using Ingenuity software.

In Figure 3-17, if the user highlight some record and click B Ingenuity button, then the
user will go into Ingenuity system to get pathway analysis. The list of genes will be passed to the
Ingenuity and directly launch the software. First the user needs to type the name and password to
login to the software, see Figure 3-23.

Ingenuity
Pathways Analysis

Sign In

Welcome, Enter your e-mail address and password, then click Sign In.

E-rmail Address: |hfang@nctr.fda.gov Remember my e-mail address.

Password: |ooooouu| |

"

Forgot your password? | Problems signing in? E-mail us at support@ingenuity .com
or call 1-650-623-0818,

Figure 3-23: login to Ingenuity Pathway software

Once login, the following window will show up. The user can type in the name for the
dataset file, then click “Next” button. See Figure 3-24.

Ingenuity
Pathways Analysis

Home = My Project: Mew Project = Upload Dataset File: Step 1 of 3 > Step 2 of 3

Upload Dataset File - Step 2 of 3

Label your dataset file, then click Next. * Required.

Project: New Project (show details)

Total Murnber of Observations: 1 i) More Info
S row(s) detected.

File Farmat Detected: (&) 1pgenuity File Format A or B A Mare Info

C)Ingenuitgr Basic Format (Legacy)

Dataset File Mame: [Dats et 3 *

Description: |

@ Cancel GiBack | |5 Next

400 characters maximum

Dataset File: Data Set from Arraytrack

A: Gene/Protein ID B: Expression Yalue 1 C: Expression Yalue 2 D: Expression Yalue 3 E: Absent F: Dverride
3480

3481
3484
3482
3485

Figure 3-24: Upload dataset file
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Ingenuity
Pathways Analysis

Home = My Project: New Project = Upload Dataset File: Step 1 of 3 =

Upload Dataset File - Step 3 of 3

Specify the details of vour dataset file, then click Create Analysis. * Required.

Project: New Project (show details)

Dataset File Name: |sig_FoId_Iog2_Iog * 4 rows imported from Data Set from Arraytrack

Description:
400 characters rnaxirmum

Specify contents of dataset file

Cantains Colurmn Headers: ves (&) Mo ()

tdentfier Type: .
Expression Value Type : [{RY NN R e ot M T T v T * i More Info

[@cancel] [$Back] [Esave]| [Create Analysis | A

Dataset File: Data Set from Arraytrack

A: Gene fProtein ID B: Expression ¥alue 1 C: Expression ¥alue 2 D: Expression ¥Yalue 3 E: Absent F: Override
15194 1.1425
20322 -1.2922
70061 1.6459

67620 1.2356 l
Create Analysis - Step 1 of 2

Label your analysis, select & dataset file and then click Mest. * Required,

Choose the Expression Value Type.
Select log ratio from the pull-down list.

Project: New Project (show details)

analysis Name: | ] »

Description: |

400 characters

Select a dataset file
Dataset Files
[ Dats set 3 (show details)

Data Set 1 (show details) B
testy (show details)
Data Set from Arraytrack_FQ (show details)

0
0
0
0

Data Set from Arraytracks (show details)

O CC O 0@

[ Data et from Arraytrack (show details)

o castesting2 {show details)

Figure 3-25: State the detail of the dataset before create analysis and give a name for the analysis

In Figure 3-25A, the user needs to specify the identifier type (ArrayTrack uses LocusLink
as the identify type) and expression value type (ArrayTrack will automatically convert the fold
change to logFold or Fold depending on the selection, so the user should choose Fold or logFold)
then click “Create Analysis” button. A new window show up letting the user create a name for the
analysis (see Figure 3-25B). Click “next” button and click “Run Analysis” button.
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" Create Analysis - Step 2 of 2

Define and review analysis parameters, review identifier mapping and then click Run Analysis, * Required,

Project: New Project {show details)

Analysis Name: [pata Set 3 *

Description:
400 characters maximurn

Murnber of Identifiers in File: 4 identifiers in Data Set from Arraytrack
4 genes eligible far generating networks

A Mare Info
(wigw Dataset File Mapping)

»RW. Analysis

Observations Selected for Analysis i more 1nfo
Select Observations Metwork Focus Genes Global Analysis Genes
Data Set 3 4 4

Figure 3-26: Run Analysis

[l [=r Analyses

O [ Data Set 3 (show details) Refults
| (5 fg1 (show details) Results
| S testy (show details) Results
O [ test_1 {show details) Results
1 [ test (show details) Results
| [5 tests (show details) Results
O [5 test? (show details) Results
| [=r Comparison Analyses

Ll El cornparel (show details) Results

Figure 3-27: Choose the dataset to see the results

r Analysis Summary: Data Set 3 (show detsils)

To view a network, click on the icon in the Network Explorer column, To merge netwarks, select the appropriate checkboxes and dlick Merge.

[ETTEREEIR  Global Functions & Pathways |\ Gene by Gene View | Search

lapping Metworks | Merged Networks

Networks 1 to 1 of 1 EEIERaaaRal

Euplorer Genes
12 4 Organismal
Development,
Metabolic Disease,
Cell-To-Cell Signaling
and Interaction.
View all

1 CTSD, HIFLA, IGF1, IGF2, IGF2R, IGFBP1, IGFBP2

Networks 1 to 1 of 1 >EE-nnwll

Hotes:

Bold - Focus genes, Gene/Protein identifiers that made the user-defined cutoff and map to the Global Malecular Network are displayed with bold text.

Itafics - Override genes. Gene/Protein identifiers marked as "Override” are displayed with italic text.

* _ Duplicates. Gene/Protein 1Ds marked with an asterisk indicate that multipls identifiers fram your input list mapped ta a single gene in the Global Molecular
Hetwork,

Figure 3-28: The results of the analysis

Protein Library

Similar to accessing the Gene Search and Pathway Search panels, the user can click
on Protein Library to bring up the Protein Search panel, which consists of two parts: the left
part is the search form, and the right part displays the search results. Figure 3-29 shows that
protein information is available for 24,024 records in ArrayTrack.
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Similarly, the user can search the Protein Library by pasting a list of gene ID’s. The
result is represented in a spreadsheet-like table on the right side. The gene ID’s that can be
searched against include GenBank accession number, UniGene ID, LocuslD, Swiss-Prot
accession number, manufacturer’s gene ID, and gene symbol. Further search can be conducted
within the domain of the results from a previous search by checking the within result option next
to the Search button.

The contents of the table can be customized by selecting data items shown in the Figure
3-30.

%5 Protein Library

®5necifyID Type: : ‘ * | GOFFA H % keGG H % Pathart || %2 Pathways H £ Genes H ) Orthologene H [ chip Lib ‘
) GenBankiice 14 | customize rable | Export | moreinro .. [Setectone - |+ Link To ... [Setect one - [~| | Clten |
) UnigenelD : | SWISSPROT_ENTRY_NAME[SWISSPROT_ACC_NUMBER  DESCRIPTION elect one - b=l
ST Finers ILocusLink _ ||
) LocusiD h 143B_HUMAN F31946 14-3-3 protein vyyfUnigene activates h—|
2 1436_MOUSE Q9CaVE 14-3-3 protein betafalpha | ywiETrezGene activates ty
) SwissProtAcc & 143B_RAT F35213 14-3.3 protain hetafalaha (O | | activates
iR Ja 143E_HUMAN PE2258 14-3-3 protein epsilan (14 ywleenecard _ activates b
: 5 143E_MOUSE PG2259 14-3-3 protein epsilon (14Yw) Prot = | | activates ty
A T s 143E_RAT F62260 14-3-2 protein epsiion (14 vwiaes sros— | activates 1y
T 7 143F_HUMAN Q04917 14-3-2 protein eta (Protein YWHAH 7533 activates 1y
) GeneSymbol s 143F_MOUSE F11576 14-3-3 protein eta (Proteir Ywhah 22620 | activates ty
s 1430_HUMAN FE1881 14-3-2 protein garmma (PIYWHAG 7532 activates 1
WHs OOMm R |10 1436_MOUSE PE1382 14-3-3 protein gamma. Ywhag 22628 | activates b
(@ tenter Searching Data 3 1430_RAT P61883 14-3-3 protein gamma. | whag 56010 | activatesy
1z 1435_HUMAN 31847 14-3-3 protein sigma (StrgSFN 2810 p53-regul
|~ hs 1435_MOUSE 070456 14-3-2 pratein sigma (StraSin 55948 | pa3-regulz
|1a 143T_HUMAN 27348 14-3-3 protein tau (14-3-3 VWHAQ 10871 | activatesy
|18 143T_MOUSE FE8254 14-3-3 protein tau (14-3-3Ywhag 22630 | activates b
|18 143T_RAT PGEE255 14-3-3 protein tau (14-3-3Ywhag 25577 activates
= |17 143Z_HUMAN F63104 14-3-2 protein zetafdeita (WHAZ 7534 attivates 1
o 18 1432 MOUSE PE3101 14-3-3 protein zetaldelta (| Ywhaz 22631 activates ty
@ fa et resutt 28 143Z_RAT FE3102 14-3-3 protein zetardett frates t
#; protein zetafdelta (1 Ywhaz 25578 activates ty
m 20 15E1_HUMAN 043715 UPF0203 protein 15E1 1
[ 15E1_MOUSE ©9D8Z2 UPF0203 pratein 15E1.1
=78 15E2_HUMAN 043716 Putative protein 15E1.2. |15E1.2 283458
Library Messages — #[23 1A01_HUMAN Fa0443 HLA class | histocompatil HLAA 3105 invatved in
23 1A02_HUMAN PO1892 HLA class | histocompatifHLA-4 3108 invalver in
28 1A03_HUMAN F04439 HLA class | histocorpatifHLA-A 3106 involve in
e 1411_HUMAN F13746 HLA class | histocompatifHLA-A 3105 involve in|
‘ez 1423_HUMAN P30447 HLA class | histocompatih HLA-A 305 invalved in
28 1428_HUMAN FOS534 HLA class | msmcnm;ﬂjHLArA 3105 involve in
|2 1A25_HUMAN P18462 HLA u\asslhlslucumuat\ﬁHLArA 3108 involves in
;|30 1A26_HUMAN P30450 HLA class | histocompatif HLA-A 305 invalved in|
= fe=zal] 1 1 I i T |

Figure 3-29: Protein Search panel.

Select fields for display

[¥] FUNCTIONS

[v] SYWISSPROT_ENTRY_NAME
[l SUBCELLULAR_LOCATION
[ TAX_ID

] PATHWAY

[C] DEVELOPMENTAL _STAGE

[v] LOCUSID

["] SEQUENCE

[_] MOLECULAR_WWEIGHT
[C] CHECKSUM

[v| GENENAME

[v] SIMILARITY

I PTM

[ MOLECULAR_LENGTH

[v] SWISSPROT_ACC_NUMBER
[C] ALTERNATIVE_PRODUCTS
[v] DESCRIPTION

[C] TISSUE_SPECIFICITY

["] SECONDARY_ACC_NUMBERS [ ] INDUCTION

Figure 3-30: Items that can be chosen for display in the Protein Search result table.

Link to Other Public Databases: Just the same as for the Gene Library and
Pathway Library, “Link to” provides the user the gateways to other official web pages (Swiss-
Prot, PDB, SWISS-2DPAGE, Pfam, PROTSITE, InterProt, SMART, ProDom, UniGene,
EntrezGene, LocusLink, OMIM, GeneCard, GDB, Kegg, IPI, UniSTS, Homologene) for
obtaining information about selected protein (see Figure 3-29).
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IPI Library

IPI Library contains protein information from the International Protein Index
(http://www.ebi.ac.uk/IP1/IPlhelp.html). The IPI search panel (Figure 3-31) is similar to that of
Gene Search and Protein Search.

[ IPI Library EEX

(@) specify D Type: H | * | GOFFA H ™ KeGe H W Pathart H % Pathways || B8 proteins H 48 Genes H 1) Orthologene |
=] 1B | I Customize Table | Export | More Info ... | Selectone - | | LinkTo ... |Se|&[:| one |v| | @) Help ‘
©) GenBankAce g T PiaME DESCRIFTION Selectone-- |~ | oCATION FUNCTIONS
| Fitter> Gene Synomyms, |
 UnigenelD ih IPI00000001T |HOMOLOG yene Summary _Fexclusively with the| binds double-stranded mal |
2 |PID000000G | TRANSFORMING PROTEIM P21/H-Ral  |GBNe Ontology | = ras proteins bind gelp/gtp ar
O LocusiD g IFID0DDO0T 2 |ZING TRANSPORTER 8. NEBIRetSed
} i IPIO00000T 3 | CATHEPSIN L2 PRECURSOR. Ly Accesi 3 i a cysteine protease. may
 SwissProtAcc Pathway =
- IPIO0000015 | SPLICING FACTOR, ARGININEISERIN Ny mie ) 3 prabable rale in alternativ
o IAAGEID i IFI00000017 |ORF1 5'TO PD-ECGFTF PROTEIN —
4 IFI00000020 |ORF3 5' OF PD-ECGFTF PROTEIN
) GEN_ID_MFR s IPI00000021 |ORF2 5 TO PD-ECGFTP PROTEIN
=8 IPID0000024 |SPLICE ISOFORM 1 OF PROTOCADHE Type | membrane protein. Found at cell-cel| may be involved in cell-cell i
) GeneSymhol 10 IPI00000026 |HYPOTHETICAL PROTEIN (FRAGMEN|
i IPI00000027 |PITUITARY ADENYLATE CYCLASE AC| Secreted stimulates adenylate cyclas
FHs OMm [IRn hz |PID0000033 |AF-9 PROTEIN, Muclear (By similarity)
(@) Enter Searching Data: ‘hs IPI00000035 |FKEG4E.
— 14 IPI00000043 |VERY HYFOTHETICAL BLYM-1 PROT
— s IPI00000044 |PLATELET-DERIVED GROWTH FACT platelet-derived growth facto
ilas IFI00000046 | BWRT PROTEIN
iz IFI00000047 |HYPOTHETICAL PROTEIN (FRAGMEN
- tha IPID000004E [INTERLEUKIN-20 PRECURSOR. Secreted cytokine that may be involves
x| :h8 IPI00000048 | TUMOR NECROSIS FACTOR LIGAND | Type Il membrane protein (Potential) cyiokine that binds to tnfrst
@ Il it st R IPID00D00ST | CONSERVED OLIGOMERIC GOLGI CQ_Associaled with the cytosolic face ofthe Gd_required for normal golgi mi
‘21 IPI00000059 |LFA-3 (FRAGMENT)
_ a2 |PID00000G0 | SUBUNIT, guanine nucleatide-binding
“lea IPI00000070 |LOW-DENSITY LIPOPROTEIN RECEP]| Type | membrane protein hinds Idl, the major cholesty
LTI ]k IPI00000075 | TRANSFORMING GROWTH FACTOR E_Secreted multifunctional peptice that
25 IPI00000076 |BETA-MNERVE GROWTH FACTOR PRE| Secreted nerve growth factar is impal
o IPIDD00OOTE |CYSTINOSIN, Integral mermbrane protein. Lysosamal thought ta transport cystine
fi IFI00000102 |PROGONADOLIBERIN | FRECURSOR Secreted the secretion of
‘lea i \P\lnnnnmns MA‘.JOR VAULT PROTEIN Cytoplasmic, 5% are nucleus associated a|_unknown, thouah mvp is ‘re ‘;
— il ‘ 1 »

Figure 3-31: IPI Library search panel

Orthologene Library

The Orthologene Library contains genes linked across species that are determined to be
orthologous based on analysis of homology using Blast
(http://www.nchi.nlm.nih.gov/Education/BLASTinfo/information3.html). The library currently
contains orthologs for human, mouse and rat.
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F Orthologene Library (A
@ Specify 1D Type: " | GOFFA o sEGG W PathAr ' Paltveays B ivoteins 1 Genes 7 coip Lt
ganslugens | % | | customize Tatie | Expon | Moreinfo . [Selectone -~ |+ | Link To . [Select ane -
GanaRKACE {57 HOMOL | CAPTION/HUMAN_ [MOUSE_|RAT_OF [HUMAN_ MOUSE_ RAT CH HUMAN_|MOUBE_|RAT_LO [HUMAN.
F Pt -
Uniggasrmeril 1 ) Acadm  |1p3t ITI6CM 2045 kL] 11364 4158 |acy-Cog
-] s Acad_|17p13p1111 380 cW10q24 |37 11370 (25383 |agkcod
LocirsiD 3 8 |Acat [119223.g/a300cM (80241 38 VIDA4R |25008  |acedC
& ] |Aewt  |2q73q14 2011 3gn 0 | acthin &l
SwissProtice ly o 17g1 (1€ 10931 (6442 & |sarcoghy
MAGED ] 12 220131 15460 cM T4 158 35150 |aderyio]
r (13 | l4gazaralepa  ept1 17s (200923 |asparty
GEN_ID_MFR . T} Agl |1a82.q13 (BB 0eM 10g12  [183 V1B0E (24178 |angiolor
@ 16 LY |9331  [e306eM |6 210 17026 (25374 |Homo s
Gyt w 17 PN gk m 11655 amninate
n 16 ¥g20  (X295¢M xgdT 25 V1666 |363616 |ATP-nin|
a ) lampm1  |1p13  |34msemizo34  2vo (220665 (75026 [mdemost
(@) Enter Searcting Dnt: " 2 |8p111_ |snscM [18q125 288 11733 |30BATO | ankyin |
ot 28 1Tg23-q8e|17 B30 cH 109321 /380 TIE18 | J8ITTS  |apolipog
=, r 1100241 19230 e 10 355 14107 | 365456 |lumorng
" 26 e Xa11 2-01/X 36,0 eM Xg22-932 367 11035 |24200  |androgel
7 2 agl l6g23  [10a4 (1p12 |33 1ed6 (29221 |arginasq
" ‘12 gt [Teenai1 5 Te0eM ¥ 435 109000 |59085  |argining
> |m 33 |Aspa  rperpiiirEs (1 443 11484 | Fur |aspartay
@ | semren O reak B 35 Mp7a  |¥g132.q1|% 44 0eM g3 538 nerr |z |ATPaza,
1 38 Bokihb  [6g13-q15 (8631 (8a31 564 12040 tranche
a2 40 150261 |7 40.0¢M [1g31 641 12144 Binam 5
] 4 [13g123 [Soapcm 1212 675 12190 |350254  |breaste]
T Ta] B4 4 11q12-91320 3024 mo 12258 |96 serin (§
Lebrry Messages e - ; = : : t
s 45 6p213 17188620012 717 J{FETE] |campier
] 46 18p13.30]17 343 cHUn fil] 12166 compler
la7 a7 Sp13  [1530eM 2016 (720 12274 tompler
s 48 |1p32_ |449.4¢eM 5004 TR 110382 | 313421 |complen
] 52 3 [150151.0267 2¢M 30y [m28 12338 calpain |
) 0 11923 |9 26.0eM |8q27 @y 12503 | 300678 |COIGa_
= - () il | *

Figure 3-32: Orthologene search panel.

Orthologene Library has the same interface structure as the other libraries, and provides
links to other resources as for the other libraries. However, the links to external websites is
different, and consists of website databases related to cross-species, chromosome location across
species, gene homology and species-specific genome information (see Figure 3-33).

Link To ... | Select one -- -
" HUmAN Homologene 1=
Mare Info ... |Select one - Human_Entrez_GeneBank |7

Human_Entrez_Pratein

::SEIEH One - Mouse_Entrez_GeneBank

Conserved Domain Mouse_Entrez_Protein

»-[Phenotypes Rat_Entrez_GeneBank
& group rAFelated Homology | Rat_Entrez_Protein i
o AUNiGene Human_Locus hd

Figure 3-33: More links to other resources

GOFFA Library

The GOFFA Library provides gene ontology information, using the standard vocabulary
(terminology) of the Gene Ontology Consortium; the ontology provides standard vocabularies for
the description of the molecular function, biological process and cellular component of gene
products. These terms are to be used as attributes of gene products by collaborating databases,
facilitating uniform queries across them. The controlled vocabularies of terms are structured to
allow both attribution and querying to be at different levels of granularity.

The user can access GOFFA library in the same way as the other libraries.

Tips: a convenient way to access GOFFA is through Gene Library. In Gene Library
panel, the user can highlight the gene records with interest. Then click GOFFA button at the top,
select organism (human, mouse, rat, etc), click OK button. The highlighted gene records will be
automatically shown in GOFFA, see Figure 3-34.
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Bl e Term Cluster
[ =] GOFFAI\J | Mkees || wpatnat | 3 Patways | Blproteins || @o -
Licantl
G | | customize Table | Export | Moremto.. [Setectone— |+ |LinkTo ... —
[—
%ﬁ I GENEMNAME DESCRIPTION SPECIES
57 Filter> et gurcme
il WEG alpha-1-B glycoprotein Homo s e | ) M S
z AZM alpha-2-rmacraglobulin Haomo s 4 Data
3 AZMP alpha-2-macroglobulin pseudogene Homo sapien 109 =
4 A atrophia areata, peripapillary chorioretinal degeneration Homao sapien =
5 AT N-acetyltransferase 1 (arylamine M-acetyltransferase) Homo sapien
& MATZ M-acetyltransferase 2 (arylamine M-acetyltransferase) Homao sapien -
7 AACP arylamide acetylase pseudogene Homo sapien s = | Sewchintioe
& SERFINA3 setine (or cysteine) prateinase inhibitar, clade A (alpha-1 aniHoma sapien Janth0 St ot rern
a AADAC arylacetamide deacetylase (esterase) Homo sapien

Figure 3-34: Accessing GOFFA via Gene Library

The GOFFA Library displays three vertically parallel panels: 1) the left panel for pasting
the name of genes to be searched; 2) after clicking “Search Go”, the middle panel will show the
associated gene terms displayed in different views. The right panel will show the gene products
associated with the terms in the middle panel.

In the middle panel, there are four tabs categorized as: 1) Tree. 2) Term Clustering. 3) All
Genes. 4) GO Path Plot.

Under Tree tab: the search results will be shown here in three root groups: a) molecular
function; b) biological process; c¢) cellular component. Each group has more branched sub-groups.
A red-colored number is suffixed to the group name of every level tree. That number represents
the total number of genes in the search that was found in this ontological category/sub-category.
The suffixed green number is Fisher exact test P-value. Following P value is the E (Enrichment
Factor, see equation 1.1) value. When you click on a GO term the right panel will show the gene
list related to the GO term. See Figure 3-35.

I Go Term Cluster

Select data type {|[ Tree | Term Clustering | Al Genes | GO Path | : il PR Gene Praducts
© GenBankAce 7 T allit 4 P=1.000000 E=1.00) =i 12 ARCA
J UnigenelD ¢ [ biological_process(14 P=0.074811 E=1.20) B lARNAT
3 LocusiD D biological_process unknown(2 P=0.188122 E=2.51) 4 BARS
7 [ physiological process(13 P=0 062407 E=1.26) 5 Al
© SwissProtAce o= [ thythrnic process(1 P=0.041497 E=23.64) ERRABCAI
®) GeneSymbol o= [ regulation of physiological process(l P=0.933130 E=0.41) ; iEE’E.:‘NAS

o~ ([ arganismal physiological process(3 P=0673382 E=0.91)
o= (7 cellular physiological process(d P=0.246777 E=1.25)
Select specie o~ [ response to stimulus(d P=0471357 E=1.156)
o [ Iocalization(s P=0.022384 E=2.88)
¢ [CJmetabolism{10 P=0013786 E=1.84)

o= [ cellular metabolismi(e P=0.409737 E=1.17)

2 Human () Mouse (Rat ® Al

Input Data
¢ Ehrimawmetahnlism(a P=0.072317 E=1.64)

BADAC
l1BG o= [ nuclechase, nucleoside, nucleotide and nucleic acid metabolis|
AT o~ [ amina acid and detivative metabolism(3 P=0.001318 E=13 32)|
BECAT ¢ [ lipid metabolism(4 P=0.000:31 E=8.86)
BANAT D regulation of lipid metabolism({1 P=0014798 E=67.13)
BAVET ¢ [ cellular lipid metabolism(2Z P=0.0498726 E=5 50)
przup o [ membrane lipid metabolisme! P=0095066 E=10.05)
i’é‘ﬁs ¢ [ steroid metaholism(2 F=0.005437 E=17.78)
lgsat ¢ [ sterol metabolismi2 P=0.001171 E=39.03)
lBCET D cholesterol metabolismi2 P=0.000916 E=441
=Ty o [ protein metabolism(3 P=0.386181 E=1 35)
MATZ o ] catabolismil P=0.543365 E=1.31)
AAMP o= [ hinsynthesis(3 P=0.053782 E=3.40
] o= [ regulation of metabolism{1 P=0.840880 E=0 58)
ACP =] L nona =5h
SERPINA3 [l Ii [ I
BBCA3 Search inTree

Find terms ining | |

® GOterm () Gene name or gene symbol O P Value

Cear

Total submit =18, Found =14

Figure 3-35: GOFFA Library search panel
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Enrichment factor =(ni/N)/(gi /G) (1.1)
Where ni is the number of hit genes in term i. N is the number of input genes. gi is the number of
gene or protein associated with term i, G is the total number of gene or protein in the database.

At the bottom of the middle panel, the user can enter a term in the “Find terms
containing” text box, choose search by “GO term”, “Gene name or gene symbol” or “P value”,
then click search button, the term contained at all levels of the tree will be highlighted in blue
color. See Figure 3-35.

Under Term Clustering tab: a spreadsheet with 6 columns titled in No., Term, GO 1D
(GO accession number), Average Level (the average hierarchical level of the term showing in all
the paths), Average Fisher P Value and Gene Hits (the number of the gene products associated
with the term). This is an alternative view of the tree structure with P value pre-sorted. Users can
sort the table by clicking on the column header. To do multiple column sorting you can click on
column header while press ctrl key. Single-click any row will bring up the associated genes
shown in the right panel; double-clicking any row will switch back to the tree tab view with
interested terms highlighted in blue.

[ Tree | Term Clustering | All Genes | GO Path

o Term GO D Average Lewel | Average P value A Gene Hits

1 arylamine M-a... |GC:0004060  |5.00 0.o0oo0n 3.00 -
2 M-acetyltranst.. [GO:0008080  |8.00 0.000003 3.00

] M-acyltransfer.. [GC:0016410  |7.00 0.000004 3.00

4 acetyltransfera.. |GO:0016407  |7.00 0.000007 3.00 =
5 |ATPase activity |GO:0018887  [8.00 0.000056 4.00

5 acyltransferas... |GO:0008415  |6.00 0.000099 3.00

7 transferase ac... |[GO:O0MET47  [5.00 0.000101 3.00 |
g transferase ac... [GO:00M6E746  [4.00 0.000128 3.00

9 |ATPase activity..|G0:0042626  |6.33 0.000139 3.00

10  |hydrolase activ..|GO:0016820  |5.00 0.000142 3.00

11 acute-phase ., |GO0006953  |6.40 0.000229 2.00

12 |nucleoside-tri.. [G0:0017111  |F.00 0.000460 4.00

13 |pyrophosphat.. |GO:0016462  |6.00 0.000558 4.00

14 |hydrolase activ..|GO:0016818  |5.00 0.000571 4.00

15  |hydrolase activ.. [GO:0016817  [4.00 0.000574 4.00

Figure 3-36: Under Term Clustering tab in GOFFA library

Under All Genes tab: This spreadsheet lists all the genes and their associated info such as
gene symbol, Average P-value and average hierarchical level. Similarly the users can sort the
table by clicking the column header. Double-click on any row will bring up tree view with
highlighted gene number in blue on any associated term.

rTree r Term Clustering r All Genes | GO Path ;
i Gene Symhal | Average P Value a | Average Level i
1 AAMAT 0.002690 g.89
2 AT 0013394 3.25
3 MATZ 0.013501 3.26
4 |ABAT 0.024740 5.94
A |AADAC 0026330 3.26
6 |AARS 0.0329451 8.28
T |ABCAIT 0031833 f.38
g |ABCAZ 0.037474 5.04
q  |AZM 0.03%308 G112
10 |ABCET 0152133 4.89
11 |AAMP 0154991 388
12 |ABCAZ 0.163110 4.76
13  |AIBG 0165914 2.00
14 |SERFIMAZ 0245554 4.39

Figure 3-37: Under All genes tab in GOFFA library
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Under GO Path tab: under this tab, there are three sub-tabs named biological, molecular
function and cellular component. P Path plots provide a numerical figure-of-merit for the
statistical significant of paths, for the purpose of comparing the potential significance between
paths.

For each of three sub categories, tree paths are ranked in statistical significance based on
equation 1.1. The top 10 tree paths with max value are plotted for each category.

—> logP, (1.2)

Where Pi is Fisher exact test (right-tail) probability value for each node.

The user can zoom in/out the plot by right-clicking anywhere in the plot and choosing
zoom in/out. The plot can also be saved. Clicking any spot on a colored line or clicking on

legends will cause a return to the Tree tab, which displays with clicked path highlighted in blue,
see Figure 3-38.

In Figure 3-38, the x-axis is the level of the tree (or called node), y-axis is Log P-value.
Moving around the mouse in the plot, the user can see a blue line and P-value above the line. The
user can zoom infout the plot by right-clicking anywhere in the plot and choosing zoom in/out.
The plot can also be saved. Clicking any spot on a colored line will cause a return to the Tree tab
display with the pathway nodes on that line colored in blue, as shown in Figure 3-38C.
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Iclogical_process | modecular_funchion | cellular_conpanant

biological_process
o [Tree | Term Clustering | All Genes | P Path Plat |
o 9 CJalliz! P=1.000000)
wit o ] hiological_process(14 P=0.000463)
o7 B ¢ (3 molecular _function(21 P=0.001256) C
100 o [ enzyme regulator activity(2 P=0.006741)
Az D transcription regulator activity(1 P=0.242642)
R FrO0303383-0-4000-3303 \ -~ o [ translation regulatr activity(l P=0.269815)
2 \\ Properties._. - / o [ catalytic activityt15 P=0.000198)
g ATE = - Vi .
- oy e + = acthvity(s P=0356531)
s it /’\ vy | ¢ [C] amine transporter activity(? P=0000508)
=2z L - . ---4-‘\\ o= [ polyamine transporter activity(l P=0.019850)
250 Loo in [§ Bath Axes . ¢ [C7 dopamine transporter activity(1 P=0000448)
278 Fanm Oul Horizontal Axis '\;- - % [ dopamine:sodium symporter activity!l P=0000448)
00 At Raags b Vorticsl iy N o [ arning acid transporter activity(! P=0024485)
- o~ 7 lipid transporer activityl P=0.010015)
e o= 3 neurotransmitter transporter activityl P=0.003386)
i o= [ organic acid transporter activity(1 P=0.044712)
il o [ carrier activity(2 P=0.546708)
z 2 2 A L;_gl i o H g o [ binding(12 P=0.001511}
’ D malecular_function unknown(2 P=0.645093)
MTop! BMTop2 MTopd  Topd W Top5 MTopd B Top? 0 Topd W Topd B Tepil o 9 callular_compansnt(18 P=0 000000

Figure 3-38: Top ten paths with lowest average P value
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What information you can get from the GO Path Plot?

GO Path Plot lists the top ten paths ranked in statistical significance. The x-axis is the
level of the path (from root to tip, 1~10), while the y-axis is the logP value. The plot supports
quick identification of most significant terms through visualization.

In GO, the terms (functions) from the root to the leaves decent from general to specific.

While comparing the significance of two terms that has the same p-value, the following questions
have to be addressed:

1. If two terms have same P-value, and in the same level of the tree but in different path,
which term is more significant? The Path Plot identifies the term that associates with the
terms along the path with the smaller p-values significant (Figure 3-39).

Enzyme

kinas  (P=0.05) transferase (P=0.05)

| l

Protein kinase (P=0.01) Phosphotransferase alcohol
Group as receptor (P=0.05)

l

Transferase transferring
Phosphorus containing
group

Protein serine (P=0.001)

threonine kinase (P=0.001)

Figure 3-39: “Protein serine threonine kinase” is more significant than “Transferase transferring
Phosphorus containing group”

2. If two terms have same P-value, but in the different level of the tree and in different path,

which term is more significant? The Path Plot identifies the term in the lower level
significant (Figure 3-40).
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kinas

v
Protein

v

Protein serine
threonine kinase

|

(P=0.05

Enzym

transferas  (P=0.05

l

(P=0.01 Phosphotransferase
alcohol (P=0.05

l

(P=0.001 Transferase transferring (P=0.001
Phosphorus containing
group

Receptor signaling
Protein serine
threonine kinase

(P=0.001

Figure 3-40: “Receptor signaling Protein serine threonine kinase” is more significant than
“Transferase transferring phosphorus containing group”

3. From different path you can reach to the same term, which path is more significant?
Usually the smaller the average P-value of the path is, the more significant the path is. If
the path is longer, then the average P-value will be smaller which means this path is more

significant.

Enzyme

—

kinase transferase

\

Phosphotransferase alcohol
Group as receptor

\

Transferase transferring
Phosphorus containing group

Figure 3-41: The function of the term “Protein kinase” is more close t0 “Transferase transferring
Phosphorus containing group”
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4. According to the GO Path Plot trend, how to decide which level you should stop at and
how to interpret the trend of GO Path Plot? If two terms have the close p-values, you
need to toggle back to the tree view by double click the path and the term containing
most genes should be the significant one, see Figure 3-42.

molecular_function

0.0
05
1.0
15
2.0
2.5
a0
a5
.40
-45
5.0
55
6.0
6.5
7.0
7.5 =
-8.0
-85
-a.0

log1 0(p) Value

Level

|. Top1 M Top2 M Top3 Top4 TopS M Topd Top? Topg M Top@ .Top1D|

Figure 3-42: Determine which level you should stop at

Chip Library

Display ArrayType Information: The Chip Library hosts information for spots from
any microarray array types available within MicroarrayDB. The Chip Search panel (Figure
3-43) is similar to that of Gene Search and Protein Search. By default, all array elements are
searched and displayed at the launch of Chip Library.
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Figure 3-43: Default display of Chip Search panel.
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However, the user can also view the arraytype information for a particular array type (e.g.

different manufacture, species, channels etc) by specifying it under (2) specity Category for Array Type:
Figure 3-44 displays all the Affymetrix array type. Double-click any one of the chip will bring
out a spreadsheet showing the detail of the individual chip.
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Figure 3-44: Display all the Affymetrix arraytype.

Compare Different ArrayTypes: By clicking on Comparison at the top left of Chip
Library (W), the user can query from a selected list of array types for
the overlapped (AND) or combined (OR) genes. First choose the array types to be compared,

click “search” button, decide the common ID for the two array types. The overlapped gene lists
will show in the right panel.

I Chip Library
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Figure 3-45: Overlapped gene list between Affy HG_133A array and Affy HG_133A 2 array.
If the user want to see some specific genes in the viewer, she/he can highlight those genes

and right click (Figure 3-46), choose Mark selected spots in open viewers Tpe pigh|ighted genes
will be marked in the pre-opened array viewer, see Figure 3-47.
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[ Chip Library
[ chip | Comparison | Summary | | Boones || Blpoteins | $pathways || kece | Wpahart || Eingenuiy || @ ortholagene |
@ Load Chip Type: i 1 — ==
@ | Customize Tahle | Export | More Info ... |Select one - |V| Link To ... |Select one - |V| | [
[-Select Al hd | d57 [ARRAYIVDENAME | POS DESCR_MFR | GEN_ID_WFR| GENEBANKACC] GENENAME |
@ Specify ID Type: P =
1 NCTR_RAT4K Block:1-Calumn:l-Row:1  |OR0D546 M17701 Gapd Glyceraldehyde-3-phosph—
@ GenBankace 2 NCTR_RAT4K 1 Block:1-Column:2-Row.1 OR1193 L20319 Tpol developmentally regulater
3 |NCTR_RAT4I<1 Block1-Caolumn:3-Row1  |OR1385 14413 Atplad "ATFase, Nat+k+ transpol
() RefSeq [+ MNCTR_RAT4 - Cryah crystallin B alpha
5 NCTR_RaT4| L") Copy selected rows to clipboard Rpsékil |58 protein kinase
£ UnigenelD 8 NCTR_RAT4 @ Copy selected column on selected rows to cliphoard Rldstl N-heparan sulfate sulfotr
7 NCTR_RATH | jprary » Pausl FOU domain factar (Brn-5
' LocusID
8 NCTR_RATA jill Bar Chart Flod Iwsyl hydroxdase
= g NCTR_RATA Rpl1a b | protein L18
) SwissProtAcc = & Mark selected fjgnts in open vieweri B i nsn.ma R E”_T 5
10 NCTR_RAT4 % EETAE A3 activating transcription fa
19 NECTR_RAT4 e fanle 0Ir 078 oifactory protein
' GEN_ID_MFR Export § dehoat Content A—
12 NCTR. RATA|LEE R ESHIBaGENBHL L Dnios Akapd A-kinase anchoring protei
1 SpotiD 13 MCTR_RAT4KA Block:1-Column:13-Rowi ‘OR1235 L3188z ME CihA hinding protein (M&)
14 MCTR_RAT4K 1 Block:1-Caolumn:14-Row:1 [OR1243 L358317 Icth1 "MADP-dependent isocitr:
S 15 MCTR_RAT4K1 Block1-Column:15-Row:1 |OR1334 M2GEEE Fcmtl protein-L-isoaspartate (D
Search within result T 3
16 NCTR_RAT4K 1 Block1-Column:18-Row:1 |OR1428 M7 a054 Agtria angiotensin Il receptor, ty
7 MCTR_RAT4K Block:1-Column:1-Row? |OR1437 M7E734 RY2612 odorant-hinding protein (F
EXE S il I ¥ |

Figure 3-46: Choose specific gene records to be marked in the viewer

f&?i ArrayTrack - FDA network k EE % |
Database Library Tool Export Help

4
?.,E,P e » il E] virtual Array Image for NCTR-Rat4k-1top -
{% ArrayType Information :

EE; Database Contents
§ ® ANONYMOUS
@ 3 Dermo-NCTR
@ [ Gignificant Gene List
o B NCTR-Mousesk-2 good
& BB NCTR-Mouseski
o BB NCTR-Mouse_20k
¢ BB NCTR-Ratdke
& B =top= ard70_2002-07-1
q Marmalized {Chann
Marmalized {LOWES

E“ MNarmalized {Taotal In|

Spots Options view

= o Change = W

1152253354455

Zoom J J |Eilher channel ~ [>=[0.0000000000/F——=

Data set:NCTR-Rat4k-1top on array type : NCTR_RAT4K 1 sample A(Cy3) sample C{Cy5)

MiT loc: Block:3-Column:6-Row:12 (Abs loc: R12,C 38) Intensities: 15.0G/15.0R =1
GEMEBANKACC: X70871 Mfr: ORD753; cyclin G1

MNarmalized {GeneP

Narmalized (GeneP

% Maormalized (LOWES

B <tmp= ard1607_ard70_|

o [BE wicr2_agilent

@ 3 Derno-two channels

- 3 Derno-one channel
- T3 Demo-Affymetrix

& Gene Libray
';2 Pathweay Library
B3 Pratein Library

I B> Channel Scaling

Figure 3-47: the marked genes chosen in the Chip Library

Summary: By clicking on Summary tab at the top left of Chip Library

(|f Chip | Comparison [ summary [) the right panel will show the array types grouped in different
categories. For example, if the user wants to see all the Agilent array types, s/he can select
“Agilent” in the Manufacture frame, and the right panel will list only Agilent array types.

Toxicant Library

Toxicant Library contains toxicological data and chemical structures (Figure 3-48). The
result table shows all compounds in the Toxicant Library, one compound per row. The structure
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of a compound is displayed in the left panel when its’ name is clicked on. Search can be
conducted based on substructure, similarity, (partial) compound name, formula, and compound
ID. It is linked to several public databases (Toxnet, Cactus, ChemlIDplus, ChemACX,
ChemFinder, NCI DTP) on small molecules (see Figure 3-48). Currently, binding affinity data
obtained at the NCTR on estrogen receptor and androgen receptor along with information from
the CPDB (Cancer Potency DataBase) for the NTP tested chemicals have been made available in
Toxicant Library.

By clicking the “Edit” button, the user can edit the chemical structure (e.g. adding
functional groups, changing atoms, etc). Structure editing is done similar to with ISIS draw
software, see Figure 3-51, using pull down menus, icons and options available by left or right-
clicking the chemical structure.
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Figure 3-48: Toxicant Library panel.

The user can also highlight a group of chemicals and click wik Pathways ... b tton and will
see how many compounds and pathway information have been found, see Figure 3-49.

L8 Compound Pathway(rno) EJ@“X‘
CAS MAME Pathura Categary el
75-07-0 Acetaldehyde; Ethanal Glycolysis [ Gluconeagenesis(rmo00010y Carhohydrate Metabalismidetaholic pathway
75-07-0 Acetaldehyde, Ethanal Benzoate degradation via hydroxlation{rno00362) Eiodegradation of Xenobiotics/Metabolic pathway
75-07-0 Acetaldehyde, Ethanal minophosphonate metabolismirmo0nd40) Metabalism of Other Amino AcidsiMetabalic pathwa
107-29-9 Acetaldehyde oxime, Acetaldoxime; Aldoxime Cyannamino acid metabolismirno00460) tMetabalism of Other Amino AcidsiMetabolic pathway _
75-07-0 Acetaldehyde, Ethanal (Glycerolipid metabolism(mo00561) 3 Lipid MetabolismiMetabolic pathway
75-07-0 Acetaldehyde; Ethanal Pyruvate metabolism{mo00620) Carhohydrate MetabolismiMetabolic pathvay
75-07-0 Acetaldehyde; Ethanal [Tetrachloroethene degradation(rmo00825) Eiodegradation of Xenohiotics/Metaholic pattway
75-07-0 Acetaldehyde, Ethanal Fluorene degradation{rmol0&2E) Eiodegradation of Xenchiotics/Metaholic pathway
75-07-0 Acetaldehyde; Ethanal Ethylhenzene degradation(rmol0642) Eiodegradation of Xenobiotics/Metabolic pathway [
< Ii [ [
Input compounds = 30, 2 compounds found, 28 notfound, Total 8 pathway maps.

Figure 3-49: Compound pathway
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In Figure 3-49, click any record will bring up the pathway map. See Figure 3-50.
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Figure 3-50: Pathway map
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Figure 3-51: Molecular structure editing
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EDKB Library

The EDKB Library contains chemical structures and endocrine activity properties of
compounds tested in several assays including more than 3200 records of endocrine activity
related endpoints such as binding the estrogen and androgen nuclear receptors, uterotropic weight
gain, E-screen and combined receptor-reporter gene data (Figure 3-52). All the data are linked to
their associated citations. Activities across different assays are scaled relative to estradiol, such
that they can be viewed together in a Graphic Activity Profile. The user can link each chemical to
the databases such as Chemfind, Chemplus, etc. and search data by assay type (in left panel,
specify assay type combo) or directly search any column by typing a key word in the first row of
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the spreadsheet and hitting return. The user can also perform chemical structure or chemical
similarity search in the upper left panel. In similarity search, the 50 most similar chemicals will
be reported in a spreadsheet, one compound per row, with multiple columns listing the activity
information. The structure of a compound is displayed when its’ hame is clicked. Search options
are similar to those in the Toxicant Library.

The biological activity for compounds in the EDKB Library is displayed in a graphic
way (Figure 3-52). The X-axis is arranged first by assay type then by compound. The Y-axis
represents the relative potency (in logl0 scale). Each box represents a particular compound and
the height of the box reflects the (max — min) of multiple biological data for the same compound
in the same assay.

If the user is interested in a particular compound, he can highlight the compound and
select Individual Compound from the pull down list of “More Info...”, and a new window will
pop up showing the detail of the compound information (Figure 3-53).

Figure 3-52: EDKB Library panel.

The user can also highlight a group of chemicals and click #&Pathways.. b tton and will
get the chemicals pathway information.

Testosterone, 6. beta. fluoro. prapionale

STRUCTURE NAME & SYNONTMS
§3.35.1 Te:lu:lrluue_b betaMuoro- propionate
it
NCI-No-
"
anues
SDKD e
o
MOL-WEIGHT- F SOLUBILITY
AT2509 C2IHIZ0L
GRAPHIC ACTIVITY PROFILE
s [ EpnNa | AssayType | EndPaintvalus | Acthity Catngary | Redorence
s et =X Uteratrophic 353y LagRP=-1 0000
1

Bl

Figure 3-53: Individual compound information
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For more information about EDKB (Endocrine Disruptor Knowledge Base), please visit
http://edkb.fda.gov/.

ID Converter

ID Converter is a very useful tool for converting one kind of ID to another kind

when searching. The user can activate ID Converter by clicking the icon & in the Library panel,
see Figure 3-54.

@ Librany

WK IO Converter
% Gene Library
ﬂ FPathway Librany
@ Frotein Library

imi 1P Library
B Orthologene Library

* | GOFFA Library
[ Chip Likrary
T Toxicant Library
B EDKE Likrary

Figure 3-54: ID Converter in Library panel

Once the ID Converter is activated, the user can choose the ID type to be converted and
select the species (Human, Mouse, Rat). There is a radio button labeled “official name only”
under the species option. If this radio button is checked, the output will only display the official
name without any synonyms or other unofficial name. The user needs to type/paste the ID in the
left panel, then choose the output ID type, click Convert button. The converted results will be
shown in the right panel. See Figure 3-55. The user can highlight the searched results and click
the library buttons (Gene Library, Chip Library, etc) at the top to go to different library directly.

ﬂ Id Converter E\@\E|
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@ stent: Speciyint Dtme: 4| & cenes || Bproteins || inlm || @ ornotogene || = jcorra || Fichiin |
| GENENAME ~ |
| | 0 w | P KEGG | S Pathart | B ingenuity ‘ More Infa ... |Salem one - |v|Link Tors |Sele|:1 one — |v| ‘ @l Help ‘
WiHs [Mm []Rn — ———
48 Locusip ottt w” W
) official name only ] —
1 4 | /| ExportTan
Step2: Enter your data Emme—
@ M #5 | cEnENAME|LOCUSID
iAZMP 4| P Filteer =
o == i AADAC 13
Gy z ABLY 25
’MCP L ABCAZ |20
BFRFINAZ ~4 MNAT1 )
or specify input file {txt file) o AANAT 15
1 F ABVE1 17
— E AARS 16
Browse ‘ Example ‘ M= AZMP 3
Yo ABCB? |22
(3) setect output ID types Ao ABGAT 19
® LocusiD 1; i:?m ;3
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 UNIGENEID M= MNAT2 10
) SWISSPROT_ENTRY_NAME |15 AA 8
- 16
O SWISSPROT_ACC_NUMBER | igg': ;;
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) REFSEQ i
© PROTEIN_REFSEQ i o
@/ conven clear | 4l [b]

Figure 3-55: ID Converter tool
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The ID types we accept are: Gene Bank Accession Number, Gene Name, Locus ID,

Swissprot Entry Name, Swissprot Accession Number, Unigene ID, Affy ID, Image ID, IPI name.
The ID types we can give out are: Locus ID, Gene Name, Unigene 1D, Swissprot Entry

Name, Swissprot Accession Number, IPI name, Enzyme Number, Image 1D, Reference sequence

number, Protein reference sequence number.

Center for Toxicoinformatics/NCTR/FDA

67



ArrayTrack 3.1.5 User’s Manual (8/22/2005)

Chapter 4 Working with Tools: Quality Control

Overview of TOOL

The third component of ArrayTrack is TOOL that consists of various functions for
normalizing and visualizing microarray data. These functions are accessible within ArrayTrack
either from the TOOL panel or Tool pull-down menu (Figure 4-1). The TOOL functionalities are
classified into three categories: Quality Tools, Normalization Methods, and Visualization
Tools. As has been pointed out earlier, these tools can also be accessed by right-clicking on
selected array data sets.

Quality Tools is discussed in this Chapter; Normalization and Visualization are
discussed in Chapter 5 and Chapter 6, respectively.

[@ Tool
b Quality Tools
. cuality Control
A cuality Filtering :
[ Mormalization Methods A B
B LowESs H o~
B Total Intensity Marm. ot '“'rravTraCk - FDA network
B channel Scaling Database Library | Tool | Export Help
[ GenePixMean Log Ratio Norm. @ Database Visualizations » | :
B isualization Toals A g -
# Scatterplnt i %{@ ArrayType Infor Qualny-cgml ’| g’& Quality Control for Genepix style data
F Mived Scatterplat H — Hormalizddion » -
i M:Talotca S ; @ Database Contemu—l
i -
B virtual Array Viewer ¢ B ANONYMOUS
. Rank Intensity Plot © 3 Demo-NCTR
P-value Plot i ©- 7 significant Gene List
Iihl BarChart : % B NCTR-Mousesk-2 good

E; Database Contents
¢ f ANONYMOUS
% O Demo-NCTR
©@ [ Significant Gene List
D Finaltop145genest-2 C
D WPA significant gene list
@ B NCTR-Mousesk-2 good
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q Normalized (Total Int. 1 EHit dataset description

Mormalized (GenePix Me  EH View data setis) as wide spreadsheet - datasets side by side
Mormalized (Channel 50 Eypart b
Mormalized (LOMYESS, 1|
¢ | Eﬂbonom> ard1162_2003.0¢ # Scatter plots for data
q Marmalized (LOWESS, | & Mixed scatterplot
m’l Mormalized (GenePix Mg w= A plots for data
ml Maormalized (Channel S
ml Maormalized (Total Int. M
[} Narmalized (LOWVWESS, m Virtual array images for data

BH =reflag(fp=80sn=31f=60000 . pank intensity plots for data
o M NCTR-Mouseski

P-value plot

& B NCTR-Mouse_20k {1 Quality control Q
o B NCTR-Ratdk-1 {4 Qualityfiltering

o [l wicr-2_agilent [ Mormalize...

& m ERenl Duplicate data sets

o [ shi

Copy data sets for pasting elsewhere
@ [ Demo-twa channels b ) [P
@[3 Derno-one channel U M

© 7 Derno-Afiymetrix
&3 Dermo_dye flip pair i

Figure 4-1: Quality Tools can be accessed from (A) TOOL panel; (B) Tool pull-down menu; and
(C) Right-click on selected array(s).
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Overview of Quality Control

Quality Control provides various visual plots and numerical parameters for measuring
the quality of a hybridization (array). Currently, Quality Control is available only for arrays for
which the original gene expression file data were input from the GenePix GPR file format (see
Figure 2-7 of Chapter 2).

Launch of Quality Control

From the TOOL Panel: When Quality Control is launched from the TOOL panel
(Figure 4-1A), the user is asked to select array(s)/hybridization(s) for Quality Control view from
a list of hybridizations (Figure 4-2), which by default are sorted first by the Exp ID and then by
Hybridization name. A Quality Control panel for each of the selected arrays will be displayed
after the OK button is pushed.

{% Choose Data Source B|
@ Select data source type: (@ database
@ Choose datatype: ® rawdata (' normalized data

(3) select ane or mare datasets (rows) below:
457 |4 (1) Exp| 4 (2) Hyb name| Description|_Label 1 |Sample 1] Label 2 [Sample 3] Raw data id] 0WNERIC

S Filter>

1 7094 H10 top Cy3 K4 control Cys Univergal 1207 JFUSCOE
2 7094 H10 hottom Cy3 K4 control Cya Univergal 1208 JFUSCOI
2 7094 H11 top Cya K4 control Cy3 Universal 1210 JFUSCOI
4 7094 H11 hottom Cya K4 control Cy3 Universal 1212 JFUSCOI
5 7094 H12 top Cy3 K& control| Cvs Universal 1215 JFUSCO
5 7094 H12 bottam Cy3 K5 control| Cva Universal 1216 JFUSCO
7 7094 H13 top (%% K& control| Cv3 Universal 12143 JFUSCO
8 r0a4 H13 hottom Cyh K& control| Cv3 Universal 1221 JFUSCO
9 7094 H14 top Cy3 K33 treate Cyd Universal 1223 JFUSCO
10 7094 H14 hottom Cy3 K33 treate Cyd Universal 1228 JFUSCO
1 7094 H14a top Cyh K33 treate Cy3 Universal 1233 JFUSCO
12 7094 H15 hottom Cya K33 treate Cy3 Univergal 1234 JFUSCO
132 7094 H1& top Cy3 K34 treate Cya Univergal 1229 JFUSCOI
14 7094 H1& hottom Cy3 K34 treate Cya Univergal 1230

I 5

Figure 4-2: Select arrays for Quality Control view.

From the TOOL Pull-down Menu: When Quality Control is launched from the
TOOL pull-down menu (Figure 4-1B), a Quality Control view will be opened for each of the
currently selected arrays under the MicroarrayDB Contents tree structure (Figure 2-23C).
However, if no array is selected under the MicroarrayDB Contents structure and the user tries to
launch Quality Control from the pull-down menu, a warning is displayed (Figure 4-3).

15 4

=

Choose Data Sets

ﬁ First choose one or more raw datasets in the tree on the left!

Figure 4-3: The Quality Control panel can not be launched from the pull-down menu until one or
more arrays are selected from the MicorarrayDB Contents tree.

From Right-click on Selected Arrays in the MicorarrayDB Contents Tree:
This may be the most commonly used way of launching the Quality Control view (Figure 4-1C).
A Quality Control panel will be launched for each of the selected arrays.
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Contents of Quality Control View

Figure 4-4 and Figure 4-5 are two example views of Quality Control. Each view is
consisted of the following main sections:

Preview of Scatterplot: The Scatterplot displays the Cy5 (F635 Median) versus
Cy3 (F532 Median) intensities for spots on the array. The user can have the options of
background subtraction, showing flagged spots, and switching between Scatterplot and MA Plot.
Details about Scatterplot can be found in Chapter 7.

Preview of Rank Intensity Plot: The Rank Intensity Plot is displayed for both Cy5
(red) and Cy3 (green) channels. The user can have the options of background subtraction and
adjusting the two channels to a common mean. Details about Rank Intensity Plot can be found
in Chapter 7.

Quality Control Parameters: Various quality control parameters are shown in the
middle of the panel (Figure 4-4 and Figure 4-5) for both the Cy5 (F635 Median) and Cy3 (F532
Median) channels. A PASS or FAIL mark is shown for each QC/QA parameter based on the
corresponding Threshold value preset. Threshold values can be reset by clicking on Save.
Other QC/QA notes on RNA quality/integrity, hybridization, and labeling are also shown if they
were entered in the Input Form (Figure 2-1) when loading data to MicroarrayDB.

Overall Judgment on Array Quality: A final judgment (Pass, Fail, Review, or
None) can be assigned to each array and save in MicroarrayDB.

The array shown in Figure 4-4 has a much higher signal-to-noise ratio than the one
shown in Figure 4-5.

{1 Quality Contral

| Save as image H Launch array viewer ” Launch Scatter Plat || Launch Rank Intensity Plot |

Data from file ard1180_2003-09-17- H10-1st scan top.gpr top { hyh: H10 )

_ Wisubby []show Magged |scaﬂemlu‘ [ subtract backgrounds [ adjustto g

<no spot>

=

o
bt
=)

log10 intensity

[N

=)
r
=

"FE35 Median"

=2
=)

40

0 20
%D 20 4.0 intensity sorted rank w10
"F532 Median’
“F532 Median”  “F635 Median®  Threshold Save | Results
- Med sighy 10.06 16.34 =3 PASS PASS
Mean med by 72.00 19.97 < 500 PASS PASS
llledian sigihoise  42.68 53.43' >3 PASS PASS
. 4 " " y
QU al Ity Med %> B+1SD  100.0% 100.0% > [a0 % PASS PASS
control reature var 0.27 0.30 | <los PASS PASS
parameters Bg var 0.26 0.32 <[ns PASS PASS
Sal spots 0.02% 0.57% <01 % PASS
Not found 340/4352 ( 8.02%) <7 3
\_ Bad 014352 { 0.0% ) <7 % PASS
Chlabels o3 o5 PASS
Motes from hyb form (read-only)
QC Notes for RNA QC Notes for Hyb QC Notes for Label
Universal Rat RRhA i‘ f‘ f‘
ull - ~ |

Saved Status
Last Saved

() Pass (_IFail (! Review (® None  Whye

Figure 4-4: Quality Control view and parameters — a successful hybridization with much higher
signal-to-noise ratio.
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% Quality Control
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VPR-5Y 8-8-03 : null -
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Figure 4-5: Quality Control plots and parameters — a failed hybridization with very low signal-
to-noise ratio.

Function Buttons for Quality Control: On the top of the Quality Control view,
there are four function buttons (Figure 4-6). Save as image allows the user to save the whole
Quality Control view into an image file in JPEG, TIFF, or PNG format. The exact file format is
specified by the file name extension of .JPG, .TIF, or .PNG, respectively. The user can Launch
array viewer, Launch Scatter Plot, and Launch Rank Intensity Plot from the Quality
Control page. Details of these functions are discussed in Chapter 7 on Visualization.

|

E,.Q Quality Control

Save as image H Launch array viewer || Launch Scatter Plot ” Launch Rank Intensity Plot ‘
ata from file ard1180 2003-09-17- H10-1st scan ton.aor ton ¢ hwh: H10)

Figure 4-6: Functional options available within the Quality Control view.

Overview of Quality Filtering

Quality Filtering provides the view of filtered spots that meets certain criteria. The users
can immediately see how many gene spots are of good quality.
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Launch of Quality Filtering
Quiality Filtering is launched in a similar way to launch Quality Control.

Contents of Quality Filtering

Figure 4-7 shows the Quality Filtering window that has three colored sections of filtering
criteria: 1) Not-ldentified (gray). 2) Un-Detected (blue). 3) Saturated (white). When the user
enters a value of filtering criteria in the text box in each section, the filtered spots will be marked
with the corresponding color in the viewer (Figure 4-7).

% OF: NCTR-Mouse5k-2 good reflagifp<80|sn<3{f>60000) bottom

Not-ldentified Uin-Detected
F pixels < |50 3 Cv3 GO000 Cy3
829 spots {F-B)BSD < & F>

F pixels = 87

&
3 Cy5 60000 | Cys

385 spots (00| )

oo
Set a5 exp defilts F[1961170] - BIEZ|&63] F = [126]170]
= [L0.29]1.395]
[ Apphy ESD[14]5E5]
Spots | Options _ view

Mark Remaining Spots
Mark Flagged Spots
Clear All Marks
Search for genes...
Marked spots » EH Spreadsheet data
Il BarChart
§ Marked in new scatterplot

£&: Mark in other viewers (of same array type)
Mark duplicate genes

Libraries

Figure 4-7: Functional options available within the Quality Filtering view

In Figure 4-7, the user can set the criteria for filtering the spots that s/he can define as
“Not-ldentified”, “Un-Detected”, and “Saturated”. After typing the numbers in the white boxes
for filtering, click “Apply”, then the spots that meet the criteria will be marked in the
corresponding colors. For example, the spots marked in grey color meet the criteria that the user
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set for “Not-ldentified”; the spots marked in blue meet the criteria for “Un-Detected” and the
spots marked in white are “Saturated” spots.

If the user moves the mouse over any spot, the intensity value for that spot will be shown
in the three colored sections.

Functions for Quality Filtering: For marked spots, the user can do further searches in
the other libraries by clicking Spots > Marked spots > Libraries, or the user can paste them in
spreadsheets and/or export, see Figure 4-7.

Under the View menu, the user can choose the style and color of the spot marking, and
toggle the tool bar about the spot information, see Figure 4-8.

g’& QF: HCTR-Mouseak-2 good reflag(fp<80|sn<3{f>60000) reflag{fp<80|sn<3[f>60000) hottom

HNot-ldentified Un-Detected
F pixels < |80 3 Cy3 Booo00 Cy3
829 spots {F-ByBSD = & F= &
F pixels = 100 ] Cy5 B0000 Cy5
385 spots (0|0 ) 0o
Set a5 exp defintts F[10257|4450] - B[57]70] F = [l0257]4450]
———————————————————————— = [31E8.75|60.00]
[_] Apphy BSD[32]73]
Spots  Optiong  view
Brighthess 5 1 A 1
Fold Change >= [1.0 ] 15 2 25 3 35 4 45 5
Zoom | - * either channel - |>=D.DDDDDDDDDD =) 1
Data set:NCTR-Mousesk-2 good reflagifp<80|sn<3[f>60000) reflagifp<80|sn<3(f>60000) bottom on array type : HCTR_MOUSESK 2
Mt loc: Block:3-Row:8-Col:1 (Abs loc:R8,C33) Intensities: 10200.0G/4380.0R = 2.329 TOOl bar

Figure 4-8: Toggle the tool bar about spot information.

The filtered data can be saved as new dataset by clicking the button “Save as new
dataset”.
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Chapter 5 Working with Tools: Normalization

Overview

A microarray experiment is based on the analysis/comparison of multiple arrays
(hybridizations). Across-array (hybridization) reproducibility is the most important criterion for
judging the quality of a microarray experiment. There are many experimental factors that may
render the microarray data inconsistent. Therefore, normalization methods are needed to
(partially) correct systematic variations in microarray data introduced by experimental factors
such as dye bias, efficiency difference in the cDNA synthesis and labeling reactions, nonlinear
optical feature of the detector (scanner), etc.

Experiment normalization methods are used to standardize microarray data so that real
(biological) variations in gene expression levels can be differentiated from variations due to the
measurement process. Normalization scales microarray data so that you can compare relative
gene expression levels. There are four normalization methods in ArrayTrack that can be invoked
from the TOOL panel, the Tool pull-down menu, or right-click on selected array(s) (Figure 5-1).

Double-click on B Mormalization Methods at the TOOL panel hides or shows the contents
(normalization methods) underneath it.

d |@ Tool
B oeen - |l auaiity Tools
= L & Scattes plot for data
v Il TR ;
v W # Mixed scamerpiot A B % Guality Contral C
0| o ot o st
# [ et [P
5 T Vinuol ey inuage for doa ____ % Giuality Filtering
af e data Databhase Library Tool | Export Help . X
= = Rank ntenssy pion for data > Database Pr— > ¢ |[ﬁ| Mormalization Methods
i ParChart o % .P
s v %4 Refresh Tree | Quality-Control » |LOWE&5
L uality control % Create Mew Exp| Normalization M LOWESS .;: Total Iy b bl —
@
L tunley oo 4 amrayTyne Information Total Int. Norm, B vean ippﬂéynnoggnlilgannn rmath
o N Ew““" @ Dalabase Contents el Sl _ i
Wer Copy datn et for pasting sisnwhare © § ANONYMOUS GenePix Mean Loy Ratio Norm. B GeneFix Mean Log Ratio Morm.

Figure 5-1: Four normalization methods have been implemented in ArrayTrack and can be
accessed from (A) Right-click on selected array(s); (B) Tool pull-down menu; and (C) TOOL
panel.

By selecting one of the four normalization methods, the user will be prompted with a
table of arrays (hybridizations) which s/he has access to. The user can select one or multiple
arrays for the normalization method to be applied to by clicking on the OK button (Figure 5-2).

@ Select data source type: (@ database

@ Choose datatype: ® raw data ) normalized data

@ Select one or more datasets (rows) below:

| Ouery “ Exp 4. Hyb name Description | Label 1 Sample 1 Label 2 Sample 2 Raw data id OWVWNERID u

117 Cathy's Hybridization |J018 top Cy3  |Mouseliver |Cy& Mouse liver 1638 CATHY &

113 Demo-Affymetrix | Afly_RG_U34a-R1 " Biotin  |sample A 1586 ANONYMOUS

119 Demo-Affymetrix | Afy_RG_U34A-R2 [r2 Biotin __|sample B | |1569 |ANORYMOUS |

120 Demo-NCTR MCTR-Mousesk-2 good  |hottom Cy3 |sample A Cy& |sample € 1570 |ANONYMOUS | |4

121 Demo-NCTR NCTR-Mouse5k-2 good  top Cy3  |sampleA  Cy5  |sampleC 1589 |ANORYMOUS |

122 Demo-NCTR NCTR-MouseSki bad  |top Cy3  |sampleA  CyS  |sampleC |38 |ANONYMOLS |

123 Derna-NCTR NCTR-MouseSki bad bottorn Cy3  |sampleA  CyS  |sampleC 367 |ANORYMOLS |

124 Derng-NCTR NCTR-Reatdked Jtop Cy3  |samplsh  Cys  |sampleC |1607 |niotaous |

125 Derno-UAMS Maize | UG1-2 lugt.2 Cy3  [sampled  |CyS  |sampleB 1605 |ANORYMOLS | (]
¥ (1 ]

@ OK Cancel

Figure 5-2: Normalization method applies to a set of selected arrays.

In our experience, however, the user is more likely to use the Database Contents tree
(see Figure 2-23. for details) to select a set of arrays on which a particular normalization method
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is to be applied. For example, by right-clicking on an experiment, the user can quickly select all
the raw datasets arrays contained within this experiment for normalization (Figure 5-3). By right-
clicking on any of the selected raw arrays, a set of functions including Normalize... can be
applied (Figure 5-4) and the user can choose one of the four normalization methods (Figure
5-1C).

If you don’t have Write permission to the selected array data, you are still allowed to use
the Normalize... function and save your normalized data into MicroarrayDB. However, you
cannot change the original data or anyone else’s normalized data.

{=] patabase Contents
P ® ANONYMOUS
¢ [ Dermo-NCTR
&[] Signifif Expand completehy
¢ 8 NCTR collapse completely
@ B <o it exp name

Significant Gene List »
Select raw datasets... k

2] 2] 2] Z]

¢ HE

2z

Select normalized datasets...
Show possible flip-thre lnbridization pairs
Tree options...

Mormalized {Channel Scaling, target val B
[} Marmalized (Total Int. Marm., subtract ba §§

Figure 5-3: All raw data (arrays) under an experiment can be conveniently selected by right-click
on the name of the experiment.
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Figure 5-4: Normalization methods can be applied to a set of selected arrays under the Database
Contents tree.

Each normalization method adjusts the original intensity values in a way as is defined in
the individual normalization method and saves the adjusted (normalized) intensity data in
MicroarrayDB.
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Lowess

Lowess (Loess) refers to Locally Weighted regression and smoothing scatterplots
proposed by W.S. Cleveland (Cleveland, W.S. (1979) “Robust Locally Weighted Regression and
Smoothing Scatterplots,” Journal of the American Statistical Association, Vol. 74, pp. 829-836).
Lowess combines the simplicity of linear least-squares regression with the flexibility of nonlinear
regression. It does this by fitting simple models to localized subsets of the data to build up a
function that describes the deterministic part of the variation in the data, point by point. In fact,
one of the chief attractions of this method is that the data analyst is not required to specify a
global function of any form to fit a model to the data, only to fit segments of the data.

Lowess has been proposed to normalize microarray data in the hope of correcting
intensity-biased ratio measurement as seen in the MA plot (see discussion in Chapter 6). The
fundamental assumption for Lowess is that the expression level for most of the genes in the two
samples is unchanged. Lowess only applies to data from two-color platforms. Lowess is the
default method of normalization in ArrayTrack (Figure 5-5).

Select Normalization Method BJ

% LOWESS ~

[ »

subtract backgrounds Yes hd

smaoothing factor 0.2

| robustness iterations 3
The Lowess norroalization method performs a robust locally weighted regression on the log ratio : delta

(I} vs. log geometric average (A) spol data, using each spot's locally estimated M value for spot by |
spot correction of log ratio wahues. Thus the Lowess method differs from many other normalization |2
techrigques because it is able to correct intensity (4) dependent ratio biases in an intensity-specific
way. Wisually this amounts to "straightening out" a curved A-I plot. o |
When the final local regression estimate Mfit of the log ratio has been calculated for a spot having
channel walues ¢l and c2, the corrected ratio c1e2' is determined by

For 2 channel data only

logfc1'c2) = log{c1/c3) - Mt
(Fitted M value becorme new zevo point of M values ot this avg intensity)

which we can rewrite as

clYe =(clfed) * 1AL
fwhere b is the logarithm base for computed M-values)

To present this correction in two channel format, we spread the ratio correction factor reciprocally
to both channels, so that the same ratio correction is achieved: |

Cancel

Figure 5-5: Parameter settings for Lowess normalization.

The Lowess normalization method performs a robust locally weighted regression on the
log ratio (M) versus log geometric average (A) spot data, using each spot's locally estimated M
value for spot by spot correction of log ratio values. Thus, the Lowess method differs from many
other normalization techniques because it is able to correct intensity (A) dependent ratio biases in
an intensity-specific way. Visually, this amounts to “straightening out” a curved MA plot. When
the final local regression estimate Mfit of the log ratio has been calculated for a spot having
channel values c1 and c2, the corrected ratio c1'/c2" is determined by

Iog(ﬂ) = Iog(c—l) — Mfit
c2' c2

(fitted M value become new zero point of M value at this average intensity)
which can be rewritten as
cl' (cl) 1
c2' “c2’pMm
(where b is the logarithm base for computed M-values)
To present this correction in two-channel format, we spread the ratio correction factor

reciprocally to both channels, so that the same ratio correction is achieved:
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There are three parameters that need to be set for a Lowess (Figure 5-5).

Smoothing Factor: The smoothing factor parameter determines the number of data
points having nearby (or equal) A values around the A value for a spot that are included in the
spot's local regression estimate, expressed as a fraction 0 < f <= 1 of the total number of spots in
the dataset. Thus, for a smoothing factor of 0.2, roughly 20% of the spots with the closest (or
equal) A values to a given spot will be included for the regression estimate at that spot (however,
see the proviso below about equal runs of A values). Within this window, the spots with the
closest A values to the spot to be estimated are given the most weight, with the weight falling to
zero near the edge of the smoothing window. However, one proviso applies here: the regression
window's edges will never lie in the middle of a run of equal A values. A range of equal A values
at the edge of the local regression window may cause the number of points to include in the
regression to differ somewhat from that determined by the smoothing factor alone. If the right
window edge would end within a range of equal A values based on the smoothing factor, then the
window is extended to the right to include the full run of equal A values. On the other hand, the
left window edge never lies within a range of equal A values because of the way the algorithm
moves the window through ascending A values when choosing new points to estimate: When the
algorithm estimates an M value at one point, that fitted M value is automatically set for all points
with equal A values, and the next window will begin past all of these equal A values. This
behavior delivers an important property of Lowess normalization which is that any two spots with
the same A value will have the same fitted M value.

Robustness lterations: The Lowess regression algorithm is “robust”, meaning that it
resists giving undue influence to outlying data points. Once a fitting of M values for the A values
has been obtained, the regressions can be repeated but this time penalizing points with outlying M
values via robustness weights based on residuals relative to the latest estimated fit. Spots with
large residuals relative to the fitted M values will be given relatively less weight in the subsequent
regressions. Note that these robustness weights are separate from the weights applied based on
the A values’ distance to the center of the regression window, which are always in effect even in
the initial regression. The robustness iterations parameter determines the number of times after
the first that the regressions will be done at each spot, for the purpose of reweighting the outlying
data points into relative insignificance in the regressions. Thus, to give outlying data points the
same weights as any other points (i.e. weights based on their A values alone), 0 can be chosen for
robustness iterations.

Delta: The delta parameter is provided to speed up Lowess calculations on large data
sets. Setting delta > 0 will let the algorithm skip over A values that are closer than delta to an A
value that already has an estimated M value, using linear interpolation between the estimates.
Leaving delta unset (leaving the field empty) will result in delta defaulting to 0.01*the range of A
values, which is usually a good compromise between speed and accuracy. Setting delta to 0 is the
most accurate but slowest setting; it means that the regression is done for every A value in the
data.

The default setting for smoothing factor, robustness iteration, and delta is 0.2, 3, and
empty (0.01*the range of A values) as shown in Figure 5-5.

Figure 5-6 shows the effect of Lowess on a dataset that showed intensity-based ratio bias.
Lowess effectively removed intensity-based bias in the ratio values.
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Figure 5-6: Systematic, intensity-based ratio bias (Left) is corrected by Lowess (Right). The
yellow line shows the Lowess fitted values, Mfit.

Total Intensity Normalization

Total Intensity Norm. only applies to two-color platforms and tries to “balance” the total
intensity of the two channels (samples) in three steps:
1) Compute the sum of each channel’s intensities, optionally subtracting backgrounds;
2) Letr be the ratio of these sums, i.e., r = (sum chl vals)/(sum ch2 vals);

. 1
3) Scale factor for first channel is T and \/F for channel 2.
r
Normalized data are permanently saved in MicroarrayDB and have the following
properties:
1) Ratio of intensity sums for the two channels computed for the normalized data should be
1.0;
2) Each spot is adjusted so that the ratio of channel values is 1/r times it's un-normalized
value.
The effect of Total Intensity Norm is the same as mean intensity normalization.

Channel Scaling

Channel Scaling applies to both one-channel and two-channel platforms and adjusts
each channel’s intensity values according each Median, Mean, and user-specified Target Value
(Figure 5-7). It is accomplished by multiplying each intensity value by T/m, where m is the mean
or median of the channel data and T is the target mean/median value option (default is 1,000).
Channels are scaled separately in the case of two-channel data. Normalized channel data will
have a mean/median matching the target value option.

The effect of Channel Scaling is the same as median intensity normalization.
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Select Normalization Method

% Channel Scaliivg

dX

L)

Mean/Median Scaling Normalization e T

target value loono

Method (for either 1 or 2 channel data)

» Multiphy each value by T/m where m iz the mesn or medizn of the channel data and T is the
target meanfmedian value option (defaull iz 1000). Channels are scaled separately in the case
of bwo chamme dta

Propeerties

w0 Moz clarmed datis wall beve a mesnfmerdn rsbehing the brgel weilie opln

[mone ] e |

Figure 5-7: Channel Scaling normalization.

GenePix Mean Log Ratio Normalization

GenePix Mean Log Ratio Norm. only applies to two-channel platforms (Figure 5-8).
The following steps are involved:

1) Compute channel ratios after respective background subtraction if specified (it doesn’t
matter which channel is the numerator and which is the denominator);

2) If the exclude ratio limit parameter M has been specified non-zero, then spots are
ignored whose ratios don't lie between 1/M and M; the default value for M is 10;

3) Take log of remaining ratios (base doesn't matter, will cancel out);

4) Apply anti-log to the average of these log ratios to get r;

1 i .
5) Scale factor for numerator channel is Tand \/F for denominator channel (applied after
r
background subtraction, if specified).
After normalization, the average of the log of channel ratios is 0, corresponding to r =
1.0. Each spot value is adjusted such that the ratio of channels is 1/r times it's un-normalized
value.

Select Normalization Method [’Zl
?‘ | Ganeer: 1aan Log Ratio Horms. |
Methad (2 ch anly) sublract backgrounds | Yies -
nn
® 1) Comrpute chanmel rfies afler respeciive backprpmd sublrachion 1f specified (whoch el
& the numerator vs which is denommator doesn't matter.)
® 1) If the exclude ratlo limit perameter M has been specified non-zero, then spots are ignored

whose ratins dan't he bebween 1 amd M

® J) take bog of remaining ratios (base doesn't matter, will cancel out)

» 4) Apply anti-log to the avg of these log ratios, 10 get r

® 5) sile Bt for rurnerator chamed v Leqrifr), fir dersrmrsdor chemned s sqrir) (appled
after background subtraction, if specified)

Properties

# Afier norvalization, the average of the log of channel ratios i 0, comresponding to r = 1.0
w Each spot vahue iz adjusted such that the ratio of channels iz Ly timez it's unnormalized value

[omwm | e

Figure 5-8: GenePix Mean Log Ratio Normalization
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Linear and Lowess

This normalization method is the combination of Linear and Lowess. First, values for
each channel are multiplied by T/m where m is the mean or median of the channel data
and T is the target mean/median value option (default is 1000). Then a Lowess
normalization is performed on the resulting scaled channel data. See Figure 5-9. At the
right side of the window, there are three pull-down lists letting you have the choice for
background subtracting, scaling and flagging the spot. Be aware that the default for
Scaling is Geometric Mean. The user can select Median or Mean for different approach.

Select Normalization Method E}
Izl Linear&Lowess | x ‘
. . . subtract backgrounds Yes ‘ -
Linear&Lowess Normalization e T i
robustness iterations 3 |
Method (for 2 channel data only) delta
scaling Geometric Mean ‘S
# First, values for each channel are multiplied by T/m where m is the mean or oo —— |
median of the channel data and T iz the target mean/median value option (default iz e [ —
1000} include flagged spots for scaling No v
# Then a Lowess normalization is performed on the resulting scaled channel data,
Geometric Mean \*I
1
Median
= Mean
Cancel -
== Geometric Mean

Figure 5-9: Linear and Lowess Normalization

Warning

Although different normalization methods can be applied to the same raw data, the user
should apply the same normalization method to all the arrays within the same experiment for a
meaningful microarray data analysis and comparison. The choice of a particular normalization
method is solely the responsibility of the user. It is also advised that data normalized within
ArrayTrack may need to be further *“pre-processed” (e.g. centering around mean zero and
variance one) before being systematically compared and analyzed by other data analysis software,
depending on the particular analysis methods.

Center for Toxicoinformatics/NCTR/FDA 80



ArrayTrack 3.1.5 User’s Manual (8/22/2005)

Chapter 6 Working with Tools: Analysis Tools

Overview

The analysis tools can be accessed within the “Tool” window (Figure 6-1A), or from tool
menu (Figure 6-1B), or from database with data selected and right-clicking (Figure 6-1C).
Analysis tools are provided to perform four mathematical/statistical operations: 1) T-test,
2)ANOVA, 3) P-value, 4) Clustering, 5) Principal Components Analysis (PCA).

Datahase Library | Tool | Export Help

= %{@ NewE: Visualizations D -
@ Tool o Quality-Control >
& analysis ~ Ej.Database ont normalization 4 l:I

T T-Test I} ?gﬁﬁ; ::Smi Analysis b 00T Testianova

f AR OWA o & FEDERICO G{ AffyCelFile Tools | 9 T_Test with custom data options

= Pvalue Plat o= FalaN AR ANOVA with custom data options

I"ill::l‘ Hierarchical Cluster Analysis : ﬁAﬁKERMAN Hierarchical Cluster Analysis

F“‘_i PA o f HONGFAMGTEST Principal Component Analysis

@ Database Contents 1=

7 ANONYMOUS
o [ Affy-20rps-Ratl34
¢ [C 2Ch_25train_20Kchip
o [CF &ignificant Gene Lists
-2 ' Strain A Q380 Strain A- mice 1[Cya] | Reference[Cy3]

¢ EH raw data {Strain A G380} [file: 200400 e 1 Gt
[ﬁ| LOWESS, ri=3 sh=Y, d=null 5 [ View data set(s) as wide spreadsheﬂ datasets side hy side
¢ BB Strain 4381 Strain A- mice 2(Cy] | Export C v

¢ B no-name {Strain A G381} [file: 20 # Scatter plots for data
ﬁ| LOWESS, ri=3 sb=" d=null 515 IM 4 scatternlot
¢ B Strain & 0382 Slrain A- mice 3(Cy5] (LTI ACT
¢ B hoshame (Sirain A G382) file 200 = MA plots for data
ﬁ| LOWESS, ri=3 sb=" t=null 51 . Virtual array images for data
T I Strain B @385 Strain B - mice 1[Cy4]
¢ EH no-name {Strain B O385) [fle: 20
[ LOWESS, ri=3,sh=Y, d=null 5 " Rank intensity plots for data

. Actual array images for data

-2 I Strain B Q286 Strain B - mice 2[Cya]| il BarChart
o B no-narne {Strain B G386} le: 200 Analysis 5| 7T T-TestaNOVA
ﬁ| LOWESS, ri=3 5h=" d=null 55 Quality Control M . ~
¢ BB strain B 0387 Stain B - mice 2[CyA] ) ¥ T-Test with custom data options
¢ BB no-nanme (Gliein B G387 file, 209 L Normalize.. A# ANOVA. with custom data options

[ﬁ' LOWWESE, ri=3 sh=",d=null sf{ Duplicate data sets r'ﬁ’,; Hierarchical Cluster Analysis

L. 'i‘ CAO Copy data sets for pasting elsewhere \ﬂ Principal Component Analysis
EPA . .
EDATRAINING Report S_Ilﬂt presence counts by sample Create gene list by data filtering...

o FEDERICO GOODSAID Tree options...

Figure 6-1: Access analysis tools

Before proceeding to explain the use of each analysis tool, please note that the various
analysis tools are interlinked. For example, after applying the T-test to two sets of data,
ArrayTrack will enable additional analysis tools to be applied to the selected data (more about
this will be explained further below).

T-test and ANOVA

The T-test is used to compare two groups of data. It tells us if the variation between two
groups is "significant”". ANOVA (Analysis of Variance) is used to compare multiple groups. The
users might ask if they can just do T-tests for all the pairs of groups. Multiple T-tests are not the
answer because when the number of groups grows, the number of needed pair comparisons grows
quickly. For example, if there are 7 groups of data, there will be 6+5+4+3+2+1 = 21 pairs. So the
comparison will be too complicated. ANOVA puts all the groups of data into one test and gives
us one P for the null hypothesis. There are three ways to activate T-test analysis and ANOVA:
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1) Clicking the T-test icon under “Analysis Tool” in the Tools panel will pop up a window
(Figure 6-2A) that is used for choosing the dataset to do the T-test analysis. The user can click
“Browse” button to choose the data file which must be combined in advance into one data file
containing multiple data set. If the user click “Gene ID’s” button, a window will pop up and
allow the user choose different ID types that will be shown in the T-test result, see Figure 6-2B.

7 1amt we E
45 x| Go .. | Chich sulected cots Choose Gene ID Columns B|

Choose t: [ | B Genbank Acc
group 1 group X gens of o Nags
Gene Mir ID
LOCUSID
] UNIGENEID
A [] GENENAME B
] CLONEID
[ ] GEN_DESCR_MFR

Fmaas L SPOTID

ks 1 e Dmer il | distsibtion

Huthod g welch L Simple 1-best

o Tests

Figure 6-2: Choosing the data after activating T-test through the Tools panel

2) First choose the dataset from database panel as shown in (Figure 6-1C), and then right click
and choose Analysis -> “T-test ...”. Accessing in this way, the user doesn’t need to combine the
data files.

3) Choose datasets from database panel and then click Tool pull-down menu ->choose “Analysis”
-> “T-test ...”.

As shown in Figure 6-1B &C, there are three options for choosing T-testt ANOVA: 1) “T-
test/ ANOVA” let the selected data be exported directly to the T-test or ANOVA; and 2) “T-test
with custom data options” provides the user the options to select other part of the data to be
analyzed by T-test; 3) “ANOVA with custom data options” provides the ability to select
additional data options as illustrated in Figure 6-3 and further explained below.

= —
[ select Dataset Group Assi s P B
Edit Datasets Groups Geneld's Data-Options
e
@ Groups: . W EV q'}—v o
Assign to New Group | Unassign Assign to... Swap Dyes
=7 IA Hybridization| SAMPLE 1 LABEL 1|SAMPLE 2| LABEL 2 |ARRAYMNUMI. | SLIDEUE
Filter= il
1 @ Strain A @380 |StrainA- mice 1 |Cyd Reference | Cy3 1 1
@ Strain A @381 |StrainA- mice 2 |Cys Reference | Cy3 1 1
3 @ Strain A Q382 |StrainA- mice 3 |Cya Reference | Cy3 1 1 5
4 @ Strain B @385 |Strain B- mice 1 |Cys Reference | Cy3 1 1
5 @ Strain B 0386 |Strain B- mice 2 |Cyh Reference | Cy3 1 1
C @ Strain B @387 |Strain B- mice 3 |Cy4 Reference | Cy3 1 1 Z

[l Il []

Onlyinclude genes from gene list ‘l

2 groups, sizes = [3, 3]

T-Test
T-Test Options
@ Pvalues from theoretical t-distribution

® Welch t-test ) Simple t-test

) Pvalues from per i of group

Figure 6-3: Assign dataset to groups
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In Figure 6-3, the user can assign the dataset to different groups by highlighting the
datasets first and then clicking “Assign to new group” button. The assigned datasets will be
marked with a yellow-colored number. The dataset can also be assigned to an existing group by

db
clicking the button assisnte..and typing the group number. The user can unassign the group by

clicking the “Unassign” button. If there are two assigned groups then a T-test will be run, if there
are three or more groups then an ANOVA test will be run. Before running the T-test, the user can

choose to run T-test on all genes or on selected gene list by clicking the button <allgenes= A
window will pop up letting the user choose the gene list for the T-test.

Only include genes from gene list: Only include genes from gene list:
|<aII genes> | v.l\ |<all genes> | -,
] ) - ) Il genes> B
Matching against the gene list using gene id type: Matc| 122geneNorm_Fold1.5_P0.05 in exp. "Affy-2grps-RatU34” E
123geneMASS_Fold1.5_P0.05 in exp. "Affy-2grps-RatU34™
EATIID : 135gene_PermutationP0.05F0ld 1.5 in exp. "Affy-2grps-RatU34™

[280genewithinforFinalFinal1 in exp. "Affy-2grps-RatU34"
174Welch_t_2fold_p0.05 in exp. “2Ch_2Strain_20Kchip™

18AWelch t 1.5fold p0.01inexp. "2Ch 2Strain 20Kchip™

Figure 6-4: Select gene list for T-test analysis

For the T-test analysis, there are two options — 1) P values from theoretical t-distribution,
2) P values from permutations of group assignments. Under option 1 the user can choose “Welch
t-test” and “Simple t-test”. Under option 2 the user can set the criteria for the permutation T-test.
The following is the formula of permutation T-test:

Numberof (P, < F,)

NumberofPermutation
al

P =

permuatation

Fr =
where | (1-#)]
The user can choose to calculate Ppermytation USiNG any number that less than or equal to
Numberof Permutation. For example, if n=12, k=6, then P, = 924. So the user can decide to
calculate Ppermutation USing NumberofPermutation = 924 or limit the number of permutation to any

number that is less than 924. See Figure 6-5.
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Figure 6-5: Set the criteria of the T-test

Click “Do tests” button, the results of T-test/ ANOVA will be shown, see Figure 6-7.

The “Export Options” window is used to select the forms in which data will be exported
prior to the T-test. For example, in Figure 6-3, only log intensity data will be exported in log base
2, and flag values will be included as integers. By clicking the “Dataset Naming” tab, the user can
choose what parts of the data element names are to be included in the export data table, including
the hybridization name, raw dataset description and normalization description. After option
selection, clicking OK results in the “T Test” window appearing; in this window the user clicks
the boxes to assign each data element to either the first or the second group, as shown in Figure
6-6A. The “Gene Id’s” button opens another window (see Figure 6-6B) that allows choosing the
ID types that will be shown in the data export results.

Note that multiple data can be selected for export, for example, by selecting both “include
log intensities” and “include intensities”, both types of the data will be included in the data to be
exported. The data options available to be selected in the “Export Options” table depend upon the
form of the data that was selected prior to initiating the T-test from the Analysis Tools icon. For
example, if the initial data was log data, then intensity data cannot be selected.

Clicking the “Gene Id’s...” button will pop up the window that allows choosing different
types of id’s to be shown in the analysis results, as shown in Figure 6-6B.

When the “Do Tests” button is clicked, the T-test is performed and the results are
displayed in a new window titled “T-test Results”, and shown in Figure 6-7. The bottom of the
results window contains additional functions that can be applied to the results, such as filtering
out results above a specified p-value, etc. Buttons are also provided at the bottom of the “T-test
Results” window that allows additional operations on the filtered results, such as volcano plot,
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HCA, PCA, etc. The T-test results window also allows for launching searches of the gene library,
pathway library and protein library, as shown in Figure 6-7 and further explained below.

T Test o' & [
l -X | Gene ld's...
Dataset grouy 1 grou 2
100 T12_B_a}lon2 Biotin [D0_T12_H] ] L [~ |
(D0_T12 B_b} loy2 Eiotin |D0_T12_E] v Ol Choose Gene ID Columns _|
100_T12_C_allog2 Biotin [D0_T12_C] v [
{D0_T12_C_h}log2 Biotin [D0_T12_C] v] | %
{D0_T12_D_a}l0g2 Biotin [D0_T12_DJ ¥ O Genbhank Acc
{D0_T12_D_h} log2 Biotin [DO_T12_0] [v] [ 3
{DZ_T12_B_a} loy2 Bictin [D2_T12_B] L lv] I v
iD2_T12_B_b}log2 Bidtin [D2_T12_E] L [v] Gene Mfr ID
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GEMEMAME
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Degrees of Freedom method: ) Welch @ Standard (#samples-2) D

Comparison mean for single-group test D GEN_DESCR_MFR
' P values from per i of group i R.EFSEQ
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only

Figure 6-6: assign data in two groups (A) and choose Gene ID types (B)
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Figure 6-7: T-test results window
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In Figure 6-7, the users can get the value of the T-test result like mean of group 1, mean
group 2 and mean difference (group 2 - group 1), etc. Once the T-test results are obtained,
ArrayTrack provides several types of filters and interactive graphics tools to aid the user in
evaluating the data, generally, and in choosing a significant set of genes, particularly. As shown
in Figure 6-7, the user can perform significance filtering. A P-value cutoff can be placed in the
text box, with an option for Bonferroni correction in the adjacent drop-down menu. Alternative, a
text box is available for specifying a certain number of genes with the lowest P-values. Text
boxes are also provides for removing spots below the specified mean channel intensity and below
a specified minimum fold-change. The filters can be applied in parallel.

Highlight one gene and choose “Selected Spot” pull-down menu -> Create Bar Chart...
will launch the Gene Expression Bar Chart.

Clicking the W YelcanePlot 1y,tt6n causes a volcano plot of the selected export data to be
produced and displayed in a new window. Notice that in the example volcano plot of Figure 6-8,
the plot is partitioned into six areas by two vertical (x-axis representing the fold-change scale)
and one horizontal (y-axis representing the p-value scale) dashed lines. The volcano plot is
intended as a graphical tool to select a list of significant genes based on some combination of p-
value/fold-change criteria, or to examine the effects of p-value and/or fold change cutoff values
on the significant gene list. Usually, the genes appearing in the upper left and upper right areas,
areas A and C in Figure 6-8 will comprise the significant gene list, that is, the spots denoted by
red in Figure 6-8.

The volcano plot produced by ArrayTrack has a number of features and interactive
capabilities providing particular utility for selection of a significant gene list, as summarized
below:

1) The mouse cursor can be used on one of the vertical dashed lines to drag the lines either further
apart or closer together, increasing or decreasing, respectively, the fold-change encompassed
between the vertical lines. The corresponding absolute fold change is displayed to the right of the
right side vertical dashed line, and can be seen to change as the vertical position along the x-axis
is changed. Alternatively, a fold change difference can be typed into the text box above the plot,
causing the vertical lines to be adjusted to that value.

2) Similarly, the mouse cursor can be used to move the horizontal dashed line up or down to
change a hypothetical P-value cutoff, with spots above the horizontal line being below the p-
value of the intersection of the y-axis. Alternatively, the p-value cutoff can also be typed into the
text box above the plot, which will cause the horizontal line to be adjusted to that value.

3) Floating the cursor over a spot will cause information about the spot to be displayed above the
plot. The upper line gives numerical values for fold-change, p-value and average channel
intensity (average intensity of the spot across all channels and all microarrays). The second line
gives the identification information for the spot that was selected prior to the T-test, as shown in
Figure 6-6. The third line displays the number of significant genes corresponding to: 1) both the
fold-change and P-value cutoff (areas A and C of Figure 6-8); 2) the P-value cutoff alone (Areas
A, B and C of Figure 6-8); and, 3) the fold-change cutoff alone (areas A, C, D and F in Figure 6-
7); the number of non-significant genes is also displayed (area E of Figure 6-8).

4) The adjustable P-value and fold change lines divide the plot into several color-coded regions
(see the keys at the right of the plot) that correspond to regions of significance or non-
significance that depend on cutoff values. There are three display options chosen by drop-down
menu: 1) color by region; 2) color by mean channel intensity (Red to blue); and color by mean
channel intensity (gray scale), as shown in Figure 6-8.

Center for Toxicoinformatics/NCTR/FDA 86



ArrayTrack 3.1.5 User’s Manual (8/22/2005) Array 7
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Figure 6-8: Volcano Plot

6) The pull-down menu labeled “Selected Spots” provides the user the ability to: a) create a
significant gene lists that corresponds to the desired P-value and fold-change
combination; b) perform cluster analysis on the selected significant genes; c) perform
search of the ArrayTrack gene, protein and pathways libraries for the selected significant
genes; d) mark the selected significant genes in other ArrayTrack viewer windows that
might be open (e.g., image viewer).

Volcano Plot
File | Selected spots | Options

p=| Create significant gene list... lor by Region
“No S rTP,l| Clustering Analysis

- Library searches L § Gene Library Q
12 Si Select all significant spots in other open viewers ﬂ Pathway Library
Clear Specially Hilighted Spots (green) T3 Protein Library
T 0 0

Figure 6-9: Selected spots pull-down menu

P-value Plot

A p-value is associated with a test statistic. It is "the probability, if the test statistic really were
distributed as it would be under the null hypothesis, of observing a test statistic [as extreme as, or
more extreme than] the one actually observed". The smaller the P value, the more strongly the
test confirms the null hypothesis (Econterms).

The user can get P-value plot from T-test result window by clicking the

button (see Figure 6-7).

Also P-value Plot tool can be activated by clicking "= P-"/alue Flat ynder the
Tool/Analysis section. See Figure 6-1A. A pop up window with title “Choose Data Source”
allows the user to choose the data file (Figure 6-10). The user needs to assign the columns to the
corresponding buttons (e.g. clicking column “P” and then click “P-value” button), then click OK
to get P-value plot.
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fz‘ Choose Data Source
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Figure 6-10: Choose data file do get p-value plot

P-Value Plot
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Figure 6-11: P-value plot
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In P-value plot window, the y-axis is rank and x-axis is p or q (g= 1-p, user can choose
rank(q) vs g or p vs rank(p)). By dragging the gray dashed line, the user can change the p(or q)
value and consequently the selected spots(#sel) and unselected spots(#unsel).

The blue dashed line can indicate the number of truly affected and truly unaffected genes.

In P-value plot window, the user can also access volcano plot, clustering analysis and
other libraries. See Figure 6-12.

P-value Plot

File | Selected spots
ranh Create significant gene list... ]
rF'F;, Clustering Anahysis
w1 ﬁ\mlcanu Plot
Library searches [% » % Gene Library
Select in all open viewers ﬂ Pathway Library
0.3 ’~ [ Protein Library

Figure 6-12: Access other functions from p-value plot

Clustering

Hierarchical Clustering Analysis (HCA) can be activated by 1) clicking the HCA icon
under the Analysis tool, or 2) choosing the dataset in database panel, right clicking and then
choosing “Analysis-> Hierarchical Component Analysis”, see Figure 6-1.

1) If HCA is activated in the first way, a pop up window will ask the user to select a file to do
analysis. The data file must be text file format (.txt) (see Figure 6-13A). The text file will be
shown after the user click “Open” button (see Figure 6-13B). Then the user can do data analysis
by clicking “Analysis” in the menu bar or clicking HCA icon fii. The result is shown in Figure
6-15.

F gLlie Q‘t Hierarchical Cluster Analysis
I File Analysis File Analysi
i ile Analysis
 BOOOEY
m | Elela
I B DiArrayTrackiD i ission662e. m° o X
Look ;|3 tomp ~| (= [e ol B e & ©2 [ o3 [ o1 | cs cé

=los [y NCI_mouse_10K_1.4xt 212 MetaRov;t MetaCo\um: Rogv; Colu1nag Backgrmérl.u. Signal Meat;s ;
=3 Form D NCTR_Agilent_Mouse20K.txt R3 1 1 17 107 0 140 |

T ScreenSaver.com D readme.txt R4 1 1 1 10 61 717

(1 sofile R& 1 1 114 107 217 74

[} Boncaoooa.at - R6 1 1 118 7 285 298

3 BOOCHO0DA.txt B R7 1 1 ik 107 219 263

[} BoocdoooB.DAT RE 1 1 114 101 233 18538

A R1 1 1 B 7 267 23

FileName:  |BOOCO00A L | R10 1 1 649 89 367, 254

Files of Type: ‘ Data Files{" txt; *.data) ¥ | ;1 12 1 1 13 gg ggg 404;15
R13 1 1 14 107 298] 334 Z

Open Cancel 4 ‘ M ‘ | .‘
. Reaty

Figure 6-13: Select data file to do data analysis

2) If HCA is activated in the second way, the “Export options” window pops up (Figure 6-14).
Clicking OK will bring out the HCA plot, see Figure 6-15.

Center for Toxicoinformatics/NCTR/FDA 89



ArrayTrack 3.1.5 User’s Manual (8/22/2005)

Export Options fgl
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Figure 6-14: Export Option window

fﬁ Hierarchical Cluster Analysis
File Analysis

L+

| = A A= Ay

Link to Gene Library ¥ Gene Name
GeneBankAcc
IPI Name
Locus ID
SwissProtAcc
UniGene ID

2 Change Tree Color...

Change Missing Value Color...
Logarithmic Selected Tree's Distance
Change Tree Height...

Change Label Alignment...
Ay, Change Label Font...
Change Line Width...
Change Color Scheme...

’\Change Image Block Size...
Ip cale Down by Y
Right-click | 4 seate upbyy
/% | Fit to Height

Actual Size
Custom Scale...

Branch Dendrogram
Branch and Subtable

Class Assignment...
[J Distance Scale

Save...
Save As...

Figure 6-15: HCA analysis result
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The user can zoom in/out the plot by clicking ' ®/or | icon at the top of the window. The user
can also change the font and the color of the label for each branch of the tree cluster by right-
clicking the branch and choosing the right options. From the HCA plot there is a link to Gene
Library according to the available IDs. The user can save the HCA image to the local drive. See
Figure 6-15.

PCA

Principal Component Analysis is a classical statistical method and is a way of identifying
the data patterns and highlighting the data’s similarity and differences. The main use of PCA is to
reduce the dimentionality of a data set while retaining as much information as possible. In PCA
plot, the first principal component is the combination of variables that describe the greatest
amount of variation. The second principal component defines the next largest amount of variation
and is independent to the first principal component, and so on.

Similar to the other analysis tools, PCA can be activated by 1) clicking the icon PCA
under the Tool/Analysis section or 2) choosing the normalized dataset in database panel, right
clicking and then choosing “Analysis-> Principal Component Analysis.

1) If the user activates PCA in the first way, the following window pops up. The user can
open a file from the local drive or import data from database to do PCA analysis. See Figure 6-16.

¢ Principal Component Analysis g@@
File | Analysis

Open
Import Data From Dajabase...
&3

Exit

Ready

Figure 6-16: Open a file or import data from database for PCA
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Figure 6-17: Choose data from the database to do PCA
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In Figure 6-17, multiple hybridization data can be selected. Clicking OK will bring up the

“Export option” window (Figure 6-14). Click OK button, then the PCA plot will show up (see
Figure 6-18A).
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Figure 6-18: PCA plot

2) If the user activates PCA in the second way, the “Export option” window pops up,
click OK then PCA results will show up.

In Figure 6-18A, if the user circle any spots in the plot, the “Relative Variance” view will
be switched to the “Score” tab view, with the corresponding records highlighted (Figure 6-18B).
The user can also click EigenValue and Loadings tab to see the Eigen value and loadings value
for each principal component.

The user can also view the PCA plot in three dimensions by clicking the 3D view button,
see Figure 6-19. The spot color can be changed by selecting it and then right-clicking-> choose
new color. The spot shape can be changed to cube or sphere.

pc1 |« ez [=|fpe3 |+

T

® L Sthow Dt st Nsmes

e P o °
000 ® T

] PRESpECING progection

[

B |- 3| = Reverae X
| chousa ew color Ravorss ¥
o e® Choosa Mew Shaps | - Riverse Z

a ﬂg Clear Seloctians ¥ Shiowe Comtral Axes Lines {bius) 20 Vv st Viewpos
et W Sebect All

| R Grig

0TS 22013
113428 E
101877
132702

h T

Hiogd ChemiluL_ROL

Figure 6-19: PCA three dimension plot

For the three-dimension PCA plot, the user can do the following movements:
1) Zoom in/out: hold shift key while drag the plot to bigger/smaller view.

2) Move the plot without rotation: hold ctrl key while drag the plot to the desired position.
3) Rotate: just drag the plot.

4) Reset: click the “Reset Viewpoint” button will bring the plot to the original position.
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Chapter 7 Working with Tools: Visualization

Overview

Visualization is an important step in analyzing microarray data and can be used to
identify abnormalities within the data. For example, when two (replicate) arrays are compared to
each other, the user can gain an understanding on reproducibility of the experiment. It is highly
recommended that the user maximize the use of the visualization tools made available within
ArrayTrack before doing massive (and time-consuming) data mining and statistical analysis. Any
suspicious arrays should be dealt with care when biological and statistical conclusions are
withdrawn. Don’t forget: “Garbage-in-garbage-out.”

The following visualization tools have been implemented within ArrayTrack: Scatter
Plot, MA Plot, Mixed Scatter Plot, Virtual Array Viewer, Rank Intensity Plot, P-Value Plot
and Cross-Dataset Gene Bar chart.

Most of these functions can be accessed in three different ways (Figure 7-1): (A) from
the TOOL panel; (B) from the Tool pull-down menu; and (C) by right-clicking on one of the
selected arrays.

Double-click on @& visualization Tools at the TOOL panel hides or shows the contents
(visualization tools) underneath it.

Many of the visualization tools are interconnected to each other, thus allowing the user to
gain a more in-depth view of the data from different perspectives, as will be seen from the
detailed discussions in the following sections.
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Figure 7-1: Three ways of accessing many Visualization Tools implemented in ArrayTrack: (A)
TOOL panel; (B) Tool pull-down menu; and (C) Right-clicking on one of the selected arrays.
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Scatter Plot

Default Plot: By default, Scatter plot for data plots the fluorescence intensity data of the
Cy3 channel versus those of the Cy5 channel for the same array. An error message will be
displayed if it is trying to be applied to one-channel data. Figure 7-2 shows the scatter plot for
hybridization NCTR_Mouse_20K. The user can toggle data points that are flagged out e.g. by
the Axon GenePix Pro software (Flagged data points are generally those spot features that do not
show reliable fluorescence intensity signal; shown as grey cross symbols in Figure 7-2). The user
can also choose to plot the background-subtracted intensity data. At the bottom of the plot,
statistics for the two channels are displayed. When the mouse moves over the spots, the identity
and intensity values of that spot are displayed. “Interesting” spots can be selected by click-and-
circle using the mouse, and the selected spots are colored in red.

g'f Scatter Plot for NCTR-Mouse_20k

[v] subbg [v] show flagged |scaﬂerplut - |

“nho spot=

log2 Cy5: Heterozyaous (+1-)

selected spots ¥ library searches 4 § gene library
search for genes in this view... FH spreadsheet data -;Q pathway library
axes options » il bar chart B3 protein library

m mark in new virtual array viewer [ chip library

41

(2 select in all viewers (of same array type) |

Save as image [ I 1 [ I
! 10 15

=}

log2 Sy Universal Mouse RMNA
# Cy3 with background subtraction; mean = 1,743 median = 480 median sighyg =
7.36 mean bg = 66

# Cy5 with background subtraction: mean = 1,601 median = 391 median sighg =
4,37 mean bg =90

Figure 7-2: Scatter Plot showing the fluorescence intensities for the two hybridization channels.

Right-click on the plot area will pop up a list of actions that can be taken on the scatter plot
(Figure 7-2). All the actions are self-explaining and are discussed as follows.
Selected Spots: For selected spots, five actions can be applied:
1) Launch library search against Gene Library, Pathway Library, Protein Library
or Chip Library using the GenBank accession numbers of selected spots as queries.
See Chapter 3 for details on library search.
2) View gene expression data for the selected spots in a spreadsheet form. For details,
see Chapter 9: Data Export.
3) Launch cross-dataset gene Bar Chart for selected spots (for a maximum of five
spots). For details, see the section on Bar Chart in this Chapter.
4) Launch a new Virtual Array Viewer with the selected spots marked. For details,
see the section on Virtual Array Viewer in this Chapter.
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5) Select (mark) the same set of selected spots in all other viewers of the same array
type.

Search for Genes in This Viewer: Allows the user to enter/paste the GenBank
accession numbers of a list of interested genes to find their location in the scatter plot (Figure
7-3A). Spots already selected can be kept by choosing “Retain current selections”.
Optionally, the search can be conducted on all other viewers of the same array type. After
clicking on Search, genes found on this scatter plot are marked in red (Figure 7-3C); a ¥ or X
mark is shown before each GenBank accession number to indicate the presence or absence,
respectively, of that individual gene on the scatter plot (Figure 7-3B).

[ Gene Search - NCTR_WMWG_Mouse 20K 7 o ' [ [ Gene Search - NCTR_MWG_Mouse 20K = o“ &’ [Z]
Enter GENEBANKACC Identifiers Enter GENEBANKACC Identifiers
J04633 = X Jo4633 = e
MM_007528 @ V nM_o07528 § .
MM_011200 o NmW_011200 X
NM_010498 o 1M_010496 o
D17571 X p17s7 E
HM_010324 v NM_010324 2
MM_007822 W NM_007a22 =
X0R08A A X xng0as B 20k
MM_010491 W MM_010491 I
MM_007812 v nm_g07812 I3
MM_007815 o 1M_007815 &
K75014 ~| X wrs014 -]

[¥] Retain current selections [¥] Retain current selections

|l Search all open views of same array type [C] Search all open views of same array type | |

0y L |
Search Search I 20 40
4 4 Cy3: Universal Mouse RNA

Figure 7-3: Locate a list of interested genes (by GenBank accession numbers) on the scatter plot.

Axes Options

1) Setranges... sets the range of the plot in X and Y axis.

2) Reverse axes options exchanges the assignment of the X and Y variables (Figure
7-4).

3) Force origin (0, 0) to be visible allows the origin (0, 0) of the Scatter Plot to be
visible. Otherwise, ArrayTrack automatically sets the limits of the X and Y axes
based on the range of the X and Y values.

4) Constrain MA plot's M axis to [-3.0, 3.0] (MA plot only): If this option is
toggled on, the limits of the Y axis (i.e. M or log fold change) is set to be [-3, 3].
Otherwise, ArrayTrack automatically sets the limits based on the range of the M
values.

5) Log base: allows the axes to be switched to log base 2, log base 10 or log base e.

selected spots L

search for genes in this view...

Set ranges...

-

axes options
TEVErSe axXes
¥ Force origin (0,0 to be visible

save as image

-

® hase 2
= hase 10
2 hase e

log base %

Figure 7-4: Axes Options for scatter plot.

Show Lowess curve (MA plot only): The Lowess normalization curve is displayed in
yellow (Figure 7-5). For details about Lowess, see Chapter 5 on Normalization Methods.

Adjust Lowess parameters (MA plot only): The Lowess Parameters panel (Figure
7-6) allows the user to adjust the three parameters. As expected, when the Smoothing Factor
was adjusted from its default value of 0.2 (e.g. 20% of all data points) down to 0.01 (1%), the
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Lowess curve showed more variation (Figure 7-5B), resulting form the fitting of a much smaller
portion of the neighboring data points. The user has the option of setting these values as the
default values for the remaining session.

Save as image: The graphics can be saved as an image file in JPEG, TIFF, or PNG
format. The exact file format is specified by the file name extension of .JPG, .TIF, or .PNG,
respectively.

logiCyaiCy3)
log{CyalCy3)

. 4. . 4.
logisari(Cya™Cy3)) logisor{Cya*Cya))

Figure 7-5: Lowess curve is displayed in yellow. A: Default Lowess parameter settings
(smoothing factor = 0.2); B: Smoothing facto = 0.01.

LOWESS Parameters

smoothing factor 0.01
robustness iterations 3
delta

[C] Set these values as defaults for session

Figure 7-6: Adjusting Lowess parameter settings for the current MA plot.

MA Plot

MA Plot only applies to two-channel data (Figure 7-7). It is a special form of Scatter Plot
in which the X axis is the log geometric average (addition) of the intensity values of the two
channels and the Y axis is the log fold change (minus of log intensities):

1
X =log4/Cy5*Cy3 = E(IogCy5+ logCy3)
Y = Iog(%) =logCy5—1logCy3
Cy3
The MA Plot is also called RI plot, where R refers to log Ratio and | refers to log average
Intensity. All the functions described in Scatter Plot apply to MA Plot. In fact, Scatter Plot

and MA Plot are interchangeable (Figure 7-7) and applicable only to two-channel microarray
data.
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& Scatter Plot for NCTR-Mouse_20k

[_I subbg [_] show flagged| | MA plot 'I‘
Block 2-Col:15- Row:15 : S6442x/2818y AJ MA plat
scatterplot

logiCyarCys)

a0 4.0
log(sgriiCy&*Cyan
#Cy5 : mean=1,691 median=482 median sighy =
5.37 mean by = 90

#Cy3 : mean=1,809 median =547 median sighg =
8.36 mean by = 66

Figure 7-7: MA Plot and Scatter Plot are interchangeable.

Mixed Scatter Plot

Mixed Scatter Plot applies to both two-channel and one-channel data. It allows the user
to compare two arrays in one plot in addition to the options of plotting different information items
for the same array (if only one array is selected before launching this function). If more than two
arrays are selected, Mixed Scatter Plot will not be accessible by right-click on the selected
arrays.

After selecting two arrays and launching Mixed Scatter Plot, a plot displaying the Cy3
channel intensities of the two arrays is shown (Figure 7-8). Options such as background
subtraction, flagged spots, statistics panel, and log transformation can be selected. There are
several data items that can be used as variables for the X and Y axes (Figure 7-8 Right).
Combination of such choices makes it possible for displaying various kinds of scatter plots
including MA Plot and the regular Scatter Plot. Similar to Scatter Plot and MA Plot, right-
click on the plot area will allow access to many functions applicable to the Mixed Scatter Plot.

Tine preym— > 75 @
.l“.m .I‘t 2 good top

o - o > = Snownoggea
suliract backgrousd kg
¥ g v g

{<nn spot>

vl hinw stats panel

X: NCTR-Mousesk-2 good top
Cv3 -
Cy3

Cy3 background

Cy3/Cy5

Cy5

Cy5 background

Cy5/Cy3

sqri{Cy3 * Cy5)

¥: NCTR-Mouse5k-2 good bottom
| . | Cy3 -

. 1| # o
0910 C¥3 fsaenis.
Cy3
T 0070, 142 = 1950 Cy3 background

EL]

s RCTR MosrveSh, 2 goud bullem

Stats

w0yl mnan = 1043 median = 437 medion st = 7.05 meean by - 55
WOy : maan= 1750 madian =351 nedian s = 535 mean by « 66
X HCTRMousetik-2 (0o top

o Oy3 : omean = 2420 median = 501 median sighy = 221 mean by - 55

Oy mean= 2035 median = 420 median sgh = 622 mean by = 68

Cy3ICy5
Cys
Cyh background

CySICy3

Sqri{Cy3 = Cya)

Figure 7-8: Mixed Scatter Plot (Left) and options available for plotting (Right).
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Rank Intensity Plot

Rank Intensity Plot applies to both two-channel and one-channel data. It provides a
convenient way of visualizing the distribution of intensity data across all the spots on the array: a
closer Rank Intensity Plot indicates a closer distribution of the data items (e.g. Cy3 vs. Cy5
intensities from the same array). In the Rank Intensity Plots shown in Figure 7-9, the X axis
represents the intensity sorted rank (from low to high) and the Y axis is the corresponding log10
intensity.

Rank Intensity Plot is shown in the Quality Control panel (Chapter 4).

- ved I |
C . LW S s B
[T TR — [T ——
[ —
\ |
R A
| -,

|
o nm 0 w10 s i
pisAva-famr et feereametiee et ety o ———

Figure 7-9: Rank Intensity Plot. In the middle plot, mean intensities for Cy3 and Cy5 channels
are adjusted to equal mean of zero. In the right plot, Lowess normalized data are plotted.

Choosing Data Source for Plotting

From MicroarrayDB Arrays: When Scatter Plot, Mixed Scatter Plot, MA Plot, and
Rank Intensity Plot are activated from the TOOL panel or the pull-down menu, a list of arrays
stored in the MicroarrayDB is displayed in a spreadsheet from (Figure 7-10). The default for data
source type is MicroarrayDB database and the data type to be plotted is raw data. Multiple
arrays can be selected for plotting.

From Local Data Files: When the user choose file as the data source type (Figure
7-10), a local disk file can be input for plotting (Scatter Plot, Mixed Scatter Plot, MA Plot, and
Rank Intensity Plot), as shown in Figure 7-11. The table columns in the local file can be mapped
to the required data fields (e.g. the X and Y coordinates) for plotting.

Q:f Choose Data Source g‘
@ Select data source type: file
@ Choose data type: ® raw data () normalized data
@ Select one or more datasets (rows) below:
i [ (1) Expl 4 (2) Hyb name| Description| Label 1 |Sample 1] Label 2 | Sample 2) Raw data id) OWNERID| |
20 T094 H2 hottom Cy3 K2 control Cya Universal 1246 JFUSCOE |
21 F094 Hz0 hottom Cy K34 treate Cy3 Universal | 1244 JFUSCOE
22 [roa4 Hz20 top Cyh K35 treate Cy3 Universal 1243 JFUSCOE
23 T094 H22 top Cy3 KA1 control Cya Universal 1241 JFUSCOE
24 F094 H22 hottom Cyd K1 control Cys Universal 1242 JFUSCOE
25 T0a4 H23 top Cyh K1 control Cy3 Universal | 1238 JFUSCOE
26 7094 H23 battam Cyh K1 control Cy3 Universal 1233 JFUSCOE
27 F094 H3 top Cyh K2 control Cy3 Universal 1231 JFUSCOE
25 T0a4 H3 hattom Cy5 K2 control Cy3 Universal |1232 JFUSCOE
29 7094 H3rescan bottom Cya H3rescarCy3 Universal |1287 JFUSCOE
20 F094 H3 rescan top Cyh H3rescar Cy3 Universal | 1288 JFUSCOE
31 T0a4 H4 top Cy3 K16 treate Cya Universal 1227 JFUSCOE
32 094 H4 bottam Cy3 K16 treate Cyh Universal 1228 JFUSCOE
33 T094 H5 top Cyh K16 treate Cy3 Universal 1224 JFUSCOE
34 T0a4 H5 hottom Cy5 K16 treate Cy3 Universal 1226 JFUSCOE
35 094 HE top Cy3 K3 control Cyd Universal | 1220 JFUSCOE
36 T094 He hottom Cyd K3 control Cya Universal 1222 JFUSCOE
37 T094 H7 top Cyh K3 control Cy3 Universal 1217 JFUSCOE
32 F094 H7 hottom Cy K3 control Cy3 Universal |1218 JFUSCOE
389 T084 Ha top Cyd K17 treate Cya Universal 1213 JFUSCOE
40 T094 Hg hottom Cy3 KAT treate Cya Universal 1214 JFUSCOE —{
a1 o s o 4 LA fraat L 11900 IELL = bd
4] [»]
@ 0K Cancel [Z] Keep dialog apen until canceled

Figure 7-10: List of arrays in MicroarrayDB. Selected arrays will be plotted after click on OK.
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Q‘J Choose Data Source @

@ Select data source type: ) database
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® Choose data file: \er 10%12004-03-10-10-700-1st scan gpr\ Browse <tabi - || Skiprows attop having < |2 cols. Re-read file

"Block' | "Calumn® [ "Row' | "Mare’ [ M0 | e [ [ Diat [ "F636 Median® | "FB35 Mear® | "FE35 50" | "FE35Cv | "BA3S | "BE3S Median' | "BE35

1 1 1 2340 |24750(240  [1607 1416 595 53 |34 |34 41
1 2 1 2600 (24750240 134 a8 14 39 |38 35 42
! 13 1 2860, 1047501240 136 il 118 43 135 135 39
i ] 1 . 3180 24760[240 |30 5] |18 4 [EERE] N
1 15 1 - 440 47701740 q 4 1 il il hit il
T | =
@ For each column description below, select a table column above and click the description

buttan to make the

[ cene (1] tme | cEnEBANKACC -
= X data Required

Background 1

= ¥ data Required

Background 2

[l (] (=] ][]

Flag

@ ﬂ Cancel [Z] Keep dialog open until canceled
Figure 7-11: Inputting local data file for plotting.

Virtual Array Viewer

Overview: The Virtual Array Viewer (Figure 7-12) displays gene expression data
derived from the original array image in a pseudo image format. It applies to both two-channel
and one-channel microarray data. In Virtual Array Viewer, the arrangement of spots is exactly
the same as in the original image (constructed from the Block/Row/Column description about
array elements in the ArrayType Information File). The brightness represents the (average)
intensity of the spot, and the color indicates the ratio (for two-channel system). The difference
between Virtual Array Viewer and real array image is that some information (e.g. background
and spot morphology) is lost in Virtual Array Viewer, but Virtual Array Viewer provides a
faster and more convenient way of inspecting the quality and browsing the contents of an array,
and looking for significant spots and information about their genes.

Some rudimentary information about the data set and the spots and their genes is
displayed just above the array image and changes as the mouse moves over the spots (a white,
squared box surrounds the current spot). This includes the data set name and sample descriptions
for the two channels, the position of the spot under the cursor both in the manufacturer's
coordinate system and in a regular row/column coordinate system, the Cy3 and Cy5 intensities of
the spot and their ratio, the GenBank accession number for the gene on the spot, and the
manufacturer's description of the gene on the spot. For more information about genes on a group
of spots, the array image allows the user to mark spots and then display more in-depth gene
information about the marked spots.

Adjust Brightness of Virtual Array Image: The brightness of the image can be
changed by adjusting the Brightness bar Brightness ! 2 ' located at the top-
left of Figure 7-12.

Zoom In and Out of Virtual Array Image: This is done by clicking on the + or -

sign Zeem D IE (Figure 7-12).
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Figure 7-12: Virtual Array Viewer showing a pseudo microarray image reconstructed from
fluorescence intensities of a two-channel array. The location of the current gene (actb) on the
microarray slide is shown on top of the figure.

Filter Spots: There are two slider controls for filtering out unwanted spots(

Figure 7-13).

Fold Change slider eliminates spots whose symmetric fold change is less than the
chosen number (the precise value is displayed to the left of the slider). Here the symmetric fold
change means the maximum of i1/i2 and i2/i1, where il and i2 are the intensities for the two
channels. For example, positioning the slider at the value 1.3 means only spots will be shown
such that one intensity is at least 1.3 times of the other, without regard to which channel is
greater. Note: For one channel data, the fold change slider is not adjustable as no ratio data is
available for one such array.

Intensity threshold filter can be used to eliminate spots whose intensities do not fulfill the
criteria. There are three options for the intensity threshold filter: Either channel only displays
those spots for which at least one of the two channel intensities is greater than the threshold
value; Channel 1 and Channel 2 filter out spots for which the intensity for the Channel 1 and
Channel 2, respectively, is below the threshold.

This is useful since spots with both intensities small might have intensity ratios that are
too influenced by noise in the data to be useful. Note that both intensities must fall below the
threshold for a spot to be eliminated. This choice was made since a spot with one intensity being
small and the other large will have a symmetric ratio that may not be very accurate but is in any
case certain to be large and may therefore still be worthy of consideration.

Fold Change == [1.26] , 15 2 2.5 3 3.5 1 4.5 3
either channel = |>= 154,18 =7
either channel use RNA{CY3) Heterozygous (+-)Cy5)

channel 1
channel 2

Figure 7-13: Fold Change and Intensity slide controls for filtering out spots for display.

B2
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Pull-Down Functions on Spots: There are five pull-down functions under Spots
(Figure 7-14):

Mark Remaining Spots marks all spots that passed all filtering criteria and are
displayed.
Mark Flagged Spots marks all the spots that are flagged.
Clear All Marks makes all spots as unmarked.
Search for genes opens a panel for the user to paste a list of GenBank accession

numbers and mark the corresponding spots. The process is similar to that shown in Figure 7-3 for
the Scatter Plot.

Marked Spots opens another list of functions applicable to the currently marked spots
(see below on Functions Applicable to Marked Spots).

Virtual Array Image for NCTR-Mouse 20Kk
Spots | Options  view

Mark Remaining Spots

Fold Change >= @? 15 2

Mark Flagged Spots 2.5 3
Clear &l Marks either channel - ‘>=‘u
Search for genes... Dk on array type : NCTR_MWG_Mouse 20K Universal Mouse RHNA(Cy3) Heterozygo

Marked spots b [ Spreadsheet data
: Jil] BarChart
& Marked in new scatterplot
¢&: Mark in other viewers (of same array type)
Mark duplicate genes
Libraries

1.0R=1.32

- GENEBANKACC: NM_01

4 § Gene Library search
'}2 P ay Library search
[#3 Protein Library search
lfaf] Chip Library search

Figure 7-14: Pull-down functions for Spots and Marked Spots.

Pull-down Options: Several other options including flag and background handling are
available (Figure 7-15A). The color of the virtual array image can also be set in four different
ways (Figure 7-15C). By default, the Red/Green (Cy5/Cy3) ratio is used; however, the user can
choose to display either channel intensity in a grey-scale, or to swap the default Red/Green color
assignment. The user can also choose the style of marking — circle, crosshair or thick circle
(Figure 7-15B) and the color of marking.

Virtual Array Image for HCTR-Mouse_20k
Virtual Array Image for NCTR-Mouse_20k

© | Spots  Options uriew|
Spots | Options | view

R
| =)
Styling for new marks ¥ Set marking color...

Spot Coloring »| O crosshair

toggle toolbar/spot-info panel | ® circle
o Data setNCTR-Mouse_20k on arraytype : NCTR O thick circle

Brigh [J Exclude flagged
A Specify flags to exclude or mark...
¥ Subtract hackgrounds

Virtual Array Image for NCTR-Mouse_20k
Spots  Options | view |

rightness =™ Sthyling for new marks ] _
C 7o Spot Coloring } ® Red/Green, Both Channels

toggle toolbarispot-info panel | © Monochrome, Channel 1
Data set:NCTR-Mouse_20k on array type : NCTH

2 Monochrome, Channel 2
7 Mt loc: Block:2-Col:1-Row:1 (Abs loc:R1,C 21 [J swap colors

Figure 7-15: Options allow the setting of spot color by channel intensities.

Select and Deselect Current Spot: As the mouse cursor moves over the Virtual

Array Viewer, the current spot is covered with a white, squared box (Figure 7-12) and can be
selected/deselected by clicking on it.
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Tip: If you want to perform any actions on the current spot, you must select (mark) it
first.

Mark Spots: There are three ways the user can mark spots, which can be used in
combination with each other.

First, the user can always mark a spot directly by clicking on it.

More usually, the user will mark multiple spots simultaneously by filtering out unwanted
spots first using the slider controls, and then by either right-clicking on the Virtual Array Viewer
or from the pull-down Spots menu to Mark Remaining Spots (Figure 7-14 and Figure 7-16).

The user can also use Search for genes to input the GenBank accession numbers and
mark a set of interested genes. The interface is exactly the same as shown in Figure 7-3 for
selecting a set of genes in the Scatter Plot. Gene marks can be cleared out by Clear Marks.
And the Virtual Array Viewer can be saved as an image file by choosing Save as Image, just like
in the Scatter Plot.

Right-click Accessible Functions: Right-click on the Virtual Array Viewer pops up
a list of functions (Figure 7-16) that are the same as those accessible from the Spots pull-down
menu (Figure 7-14).

Functions Applicable to Marked Spots: They are accessible from either right-click
on the Virtual Array Viewer or from the Spots pull-down menu.

1) Spreadsheet Data: View gene expression data for the selected spots in a
spreadsheet form. For details, see Chapter 8: Data Export.

2) Bar Chart: Launch cross-dataset gene Bar Chart for selected spots (for a
maximum of five spots). For details, see the section on Bar Chart in this Chapter.

3) Mark in New Scatter Plot: Launch a new Scatter Plot and mark the selected
spots. For details, see the section on Scatter Plot in this Chapter.

4) Mark in other Viewers: Select (mark) the same set of selected spots in all other
viewers of the same array type.

5) Mark Duplicate Genes: If the current gene is spotted at multiple locations on the
array, they will all be marked)

6) Libraries: Launch library search against Gene Library, Pathway Library, Protein
Library or Chip Library using the GenBank accession numbers of selected spots as
queries. See Chapter 3 for details on library search.

Mark Remaining Spots
Mark Flagged Spots
Clear all Marks
Search for genes...
Marked spots
Save as Image

} EH Spreadsheet data
lihl BarChart

& Marked in new scatterplot

&% Mark in other viewers (of same array type)
Mark duplicate genes

Libraries
R

4 § Gene Library search
';2 Pathway Library search
ﬁ Protein Library search
M [ chip Library search

Figure 7-16: Right-click functions and those applicable to Marked Spots.

Actual Array Viewer

Actual Array Viewer (Figure 7-17) displays the original image from the scanner and
loaded into ArrayTrack from the Data Import part (Figure 2-1) of Input Form.
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Note: Actual Array Viewer has not been made
ArrayTrack 3.1.

X Adjust Display Intensity
i Blur or Sharpen Image
Toggle Graphics

Save Combined Image
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Figure 7-17: Actual Array Viewer displays the original microarray image.

Only a small part of the whole microarray image is shown in this figure. A list of
operations for color adjustment pops up after right-click on the Actual Array Viewer.

Bar Chart

Overview: Bar Chart (Figure 7-18) displays expression data for a single gene across
multiple arrays within the same experiment or across different experiments. It gives the user an
overview of the differential expression levels of this gene across different samples. Bar Chart
can be invoked from the TOOL/Visualization panel or pull-down menu, as well as from the
Scatter Plot or Virtual Array Viewer on selected/current spots (see detailed discussions on these
topics in this Chapter). When Bar Chart is invoked from the TOOL/Visualization panel or pull-
down menu, the Gene Expression Bar Chart across Different Arrays panel pops up (Figure
7-18).

As mentioned earlier, the Bar Chart function can also be accessed from Gene Library,
Protein Library, Pathway Library, Chip Library, IPI Library, Orthologene Library, T-
test/ ANOVA result table, Volcano plot, Cluster tree, database tree and the Significant Gene List
table.

Query Specification: First, specify the type of gene ID (gene symbol, GenBank
accession number, UniGene ID, Locus ID, and Manufacturer’s gene ID). Second, enter a gene ID
to be searched. Third, select one or more experiments for which expression data for the query
gene is to be displayed. Fourth, select the type of data to be displayed (Raw Data vs.
Normalized Data). If Normalized Data is to be displayed, further select the normalization
method. Finally, click on Draw Barchart to show the Bar Chart.

Bar Chart Display: The X axis displays all the arrays within the selected experiment
and the Y axis represents either ratio (for two-color platform) or intensity (for one-channel
platform).
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There are two tabs above the bar chart, titled: 1) gene name@ experiment name, 2)
Standard Deviation (if the bars that representing the hybridizations have been assigned to several

groups).

Gene Expression Bar Chart Across Different Arrays :

(@) specity Type o Gene ID: |[ L26267 @ Affy-2grps-RatU34 Raw Data |_Standard Deviation |
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Figure 7-18: Arrangement of Bar Chart panel.

Toolbars: Under the first tab, user can see seven tool buttons (Figure 7-19):

I &?. Color/Grouping || ‘ Scatter Plot ‘ | ﬂ\ﬂrtual Array Yiewer | ‘ L[_;;"] Chip Library | | E Help |
E& Assign Group by Color [%
E& Save Group by Color
11[92T'4 Efif Clear Color & Group =

Fig_ure 7-19: Toolbars for Bar Chart

Clear Color clears the current color assignment of the bars and re-displays them in the
default color of light gray.

Color Chooser pops up a color chooser dialog box (Figure 7-21) from which the user
can select a color to be applied to the following selections of bars (see Table Display and Bar
Chart Display) until it is re-assigned. It is very useful for the user to group arrays within an
experiment by using different colors.

Save Color saves the color combinations the user chose for different groups. Once the
color info is saved, the Standard Deviation bar chart will be drawn and each bar will be marked in
the corresponding color that is assigned for the group (see Figure 7-22). Also the records will be
marked in the corresponding colors (see Figure 7-20). The way how the arrays are grouped also
applies to all the other genes for that specific experiment. Every time the user re-groups the bars
that representing multiple hybridizations, the Standard Deviation chart will be re-drawn. The
grouping information is visible only for the user who did the grouping.

Scatter Plot launches Scatter Plot viewer for all the arrays currently being selected and
color-coded the current gene in red for which the Bar Chart is displayed.
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Virtual Array Viewer can be launched in which the gene is marked.
Chip Library can be launched and information about the current gene will be displayed.
Online help is available by clicking on CIHeln,
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Figure 7-20: After saving the color group each record is marked in the corresponding color

Color Chooser g‘

Recent;
[=

Preview
n - . Sample Text Sample Text
Hel I

Sarmple Text Sample Tesxt

Figure 7-21: Color Chooser for assigning the chosen color as the current color.

If the user click the second tab titled “Standard Deviation”, he will see the standard
deviation bar chart in the corresponding colors that were chosen for different groups. Each
colored bar represents the average intensity value for the corresponding group, while the height of
the T-shaped line above the bar is the standard deviation value for the group. The y axis is the
intensity. If the user put the mouse over each colored bar, the SD value will show up. If the user
clicks a bar, the corresponding records will be highlighted in the spreadsheet below the bar chart.
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( NM_177425 @ rat_genotox_ABI Normalized Data r Standard Deviation

i-_ e

Figure 7-22: Standard Deviation chart

1808032

Ratio or Intensity

The standard deviation is calculated according to the following formula:
1 N . 2
N \/N—lil( =%

Table Display: The same results are displayed in a Table format below the Bar Chart.
Like the Gene Library table, this Table can be queried. If the user assigned a color before
querying, the bars corresponding to the arrays that pass the filtering query will be highlighted.
The user can repeat this process to assign a different color to another group of arrays (e.g.
samples from the treatment group). It is helpful to group arrays using different colors.

Alternatively, the user can first sort the table by the value of a particular column (e.g. the
SAMPLEL column in Figure 7-23 to separate control samples from treatment samples). Click-on
and drag-down on table rows will change the color of the corresponding bars to the currently
assigned color. In the example shown in Figure 7-23, control animals are colored in green;
whereas valproic acid treated animal samples are colored in red. It is obvious that there is an
increase of expression for this gene (NM_007812, Cyp2a5, “cytochrome P450, family 2,
subfamily a, polypeptide 5”) after valproic acid treatment.

Links between Bar Chart and Table: The Bar Chart and Table are linked together;
clicking on a bar will highlight the corresponding row in the Table (and switch the color of the
bar between the default color and currently assigned color). By clicking, holding down, and
moving the mouse across the Bar Chart, multiple rows in the Table will be highlighted and the
color of the selected bars will be assigned to the current color.

Similarly, clicking on a record (row) in the Table will blink the associated bar in the Bar
Chart. Multiple rows can be selected by clicking and dragging-down the rows, and the color of
their corresponding bars will be assigned as the currently assigned color.

|
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Figure 7-23: Bar Chart displays gene expression data for a gene across multiple arrays. Control
samples are colored in green and chemical treated samples are colored in red.
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Summary

As we have demonstrated in this Chapter, many visualization tools have been made
available for examining microarray data. These functions are highly interconnected. Figure 7-24
is a screenshot of ArrayTrack in which many connected plots and tables are displayed.

i!l-lllllmlhmllﬂ!lg

Figure 7-24: A screenshot showing multiple visualization functionalities within ArrayTrack.
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Chapter 8 Working with Tools: DMVS

DMVS (Data mining and Visualization System) is a comprehensive software package for
the analysis of high-dimensional data including DNA microarray gene expression data. DMVS
was originally developed by Zhengiang Su (zhgsu@chipscreen.com) of Chipscreen Biosciences,
Ltd. (http://www.chipscreen.com). Arrangements have been made between NCTR and
Chipscreen that allow the convenient data transfer between ArrayTrack and DMVS to achieve
integration (Figure 8-1).

Under the NCTR-Chipscreen agreement, NCTR is authorized to distribute DMVS along
with ArrayTrack to not-for-profit organizations. For users from the private sectors, please contact
us for details on gaining access to DMVS.

D Data Mining and Visualization - OTA Intensity NoSB. txt

Datasets for array type NCTR_MOUSESK 2
Ele Edt Vew Table Analysis Graph |ChipImage| Window Help

Edit View D" S92eD B Image visualization...

Slide Image Restoration...

q?i Quew prin‘l c1 cz c3 Quick Testl...

R1 COCRDS | Spotld GEMEB, Quick Test2..,

Export to file Rz Block:g-. | 114894  SA49400  Guick Tests...
JLI Sl el 3l R3  |Bockis-. 114895 |M33%6|  GereSearcmn. |
? Filter-= R4 Block:9-... 114896  xX58828 protelmt‘.:
1 Block: 7-Fow:12-Col:g |1 09206 |NM_E RS Block:-.. | 114897  L36664 osteotes..
Figure 8-1: Data transfer between ArrayTrack and DMVS.

DMVS Version 2.0 includes the following functions that complement with ArrayTrack:
principal component analysis (PCA), hierarchical clustering analysis (HCA), K-means clustering,
self-organizing maps (SOM), support vector machine (SVM), partial least-squares regression
(PLS), other functions for data analysis, visualization, and chemical structure/similarity handling
(Figure 8-2).

—

i

=0z

Beady FShenthen Chipsereen Biosciences Led

Figure 8-2: Additional TOOL functions available in ArrayTrack/DMVS.
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Chapter 9 Data Export

How to Access Data Export Functions

Experimental data stored in MicroarrayDB can be conveniently exported to local data
files or ArrayTrack spreadsheets for further analysis purposes. Data export can be accessed from
the Export pull-down menu (Figure 9-1), or from right-clicking on selected arrays of the same
arrays type (Figure 9-2), where data export options are shown on the top of the list of functions
applicable to the selected arrays.

@ Arraylrack - FDA network

Database Library Tool Expurl| Help

% EH Export selected datasets as spreadsheet

ﬁ ‘ %% Hew Exp

E Preview selected datasets as spreadshest

% O rat_glitazone_AB
¢ [ Significant Ge
[ Tro-Dmsa

¢ B cie_10.a 1

Ex=port original files for selected datasets
EH Export data in narrow format
Export in TIGR MEY format

¢ BH raw data [file: Signalxls] CIG_10_A_1 5| |

Export original data file(s)

Export CEL file [%
Export image file{s)

_ Export settings file{s)

Figure 9-1: Accessing Data Export function from pull-down menu.

Database Library Tool Export Help

@ ‘% New Exp ||'§% New Array Type |

¢ [ 2Ch_25train_20Kchip
o [ Significant Gene Lists
o B Strain A Q380 Strain A-

mice 1[Cya] | Reference[CyB]_

o EH raw data {Strain A
[ LOWESS, ri=3,5

¢ BH no-name {Strain A
[ LOWESS, ri=3,5

o [ Strain A Q382 Strain A
¢ BB no-name {Strain A d
[ LowESS, =35

¢ BB sirain B Q385 Strain B
¢ FH ho-name {Strain B

B view data set(s) as wide spreadsheet - datasets side hy side

o [ strain 40381 Strain 4| Export

#F scatter plots for data

& Mixed scatterplot

tsaix MA plots for data

. Virtual array images for data
. Actual array images for data
", Rank intensity plots for data

Y

EE Export data set(s) as spreadsheet

Export original data files or Affy probe-set files
Export Affy CEL files

Export image files

Export settings files
Export as TIGR. MEY compatible files
EE Export data in narrow format - datasets one after another

0 LOwESS, =3,

¢ [ strain B 0386 Strain 5| bl BarChart
¢ BH no-name {Strain B Analysis b
[ LowvEss, i=3,5 Quality Control b
¢ B Strain B Q387 Strain B (7 Normalize...

¢ B8 no-name {Strain B
a [ LOWESS, ti=3,5
<] Il
@ Library
& 1IN canverter

Duplicate data sets
Copy data sets for pasting elsewhere

= Report spot presence counts by sample

Tree optil

Figure 9-2: Accessing Data Export from right-clicking on selected arrays.

Options for Data Export

When exporting any data for spreadsheet view, the user will see the Export Options
dialog box (Figure 9-3) which allows the user to define exactly what data items and formats to be
exported from a variety of combinations by checking appropriate boxes.

These options are grouped into two categories: Intensity Data Fields and Spot Fields
(i.e. annotation information about spots that is to be exported along with intensity data columns).
These options are self-explaining and will not be discussed here. Options set here will remain
effective for Data Export until re-set.
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Export Options ['SZI

E‘ Output Options
A Tiensity Data Fieids | Snot Fields | Dataset Naming |

include intensities [ | include spot A-values [ subtract backgrounds in intensities

include separate background columns
‘. [l include log intensities [ with backgrounds subtracted
[_|include ratios with backgrounds subtracted
include log ratios with backgrounds subtracted
@ chijch2 ratios (O ch2ichi ratios > both ratios

include flag values (as integers) include original flag values

[] include spot pixel statistics [ include probe p-values

Log hase:

Group hy ® O dyes 0

5]

Export Options

E‘ Output Options

[ Intensity Data Fields | | Spol Fields || Dataset Naming |
B SPOTID [ POS_ROW [Pos_coL POS_DESCR_MFR
[ ARRAYTYPENAME GENEBANKACC GEN_ID_MFR GEN_DESCR_MFR
[C] CLASSIFICATION ["] DESCRIPTION []CLASSID LOCUSID
[ SWISSPROT_ACC_NUMBER [ | UNIGENEID GEMENAME ["] DESIGNATION
["] BIOSEQUENCE_TYPE ["] CLONEID | REPORTER_USAGE [] CONTROL_TYPE
[] SEQUENCE [_| REPORTER_ID [_] ANNOTATION [_] CLASSIFICATIONZ
[_] CLASSIFICATIONS [_] UNIGENEID_ACC [_] CURRENT_UNIGENEID [_] GENENAME_UPPER
[_| PERCENT_A [ PERCENT_T [_| PERCENT_G [_| PERCENT_C
[_| PERCENT_GC [T [_| SECURE_SEQUENCE [_| REFSEQ

Export Options

L] Output Options
[ Intensity Data Fields | Spot Fields [ Dataset Naming |

include hybridization name

[ ]include raw dataset description

[ ]include normalization description

Figure 9-3: Setting Export Options before Data Export. A: Intensity Data Fields options; B:
Spot Fields options; C: Dataset Naming options
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Export selected datasets as spreadsheet

Data for selected arrays are to be saved as a local text file in which each row represents a
spot (gene) and each column is a particular data item from an array. If multiple arrays are
selected, additional columns are added in the spreadsheet. (This is the so-called “wide” format, in
contrast to the “narrow” format — see below). The user will need to specify the folder and name
where this file is to be saved. However, if the user has not selected any arrays before trying to use
this option, a warning message will be displayed (Figure 9-4).

Choose Data Sets

% First choose one or more datasets in the tree on the left!

Figure 9-4: One or more arrays need to be selected before Export selected datasets as
spreadsheet.

Preview selected datasets as spreadsheet

Instead of saving data as a local text file, Preview displays the data for selected arrays in
a spreadsheet within ArrayTrack. If the user has not selected any arrays before trying to use this
option, a warning message is displayed (Figure 9-4). Figure 9-5 is a sample spreadsheet view.
Note that the column names encode all the information needed to unambiguously identify the
identity of that column.

Datasets for array type NCTR_MOUSESK 2

Edit View InputiQutput Spots

5@

| ==7 DESCRIFTION | GENEBANKACC| GEMEMAME | GEM_ID_.[ P0OS_DESCR_MFR | SPOTID [MCTR.JNCTR-Mousefk-2 go. NCTR-Mouse. [MCTR-Mou.] NCTR-Mous
7 Filter> [~
1 keratin comples 1, acidic, D16313 Kiti-15 OMOT044  Block1-Row1-Gold (107107 (883|472 53 B i =
H delta-like 1 harnalog (Oro D1 6E47 Dk OMOTOE  Blocki-Rowi-Gal2 107108 3521|2172 51 B4 i

Gl P450 {oytochrare) aeidor D1 7571 Por OMOT09  Block1-Row1-Cal3 107109 1201|1228 51 B4 i

4 irterlaukin 8 receptar, bet D1 7630 i3 OMOT11  Blocki-Row1-Cal4 (107110 335|315 51 B4 i

5 AT mutif binding factor 1| D2E046 Al OMOT134  Blocki-Row1-Gols 107111 1602|1355 51 5] i

s progtaglandin | receptor | D26157 Ptair OMOT1S  Blocki-Rowi-Gaolé (107112 686|414 52 52 i

i atonal hormolag 1 (Droso|D43684 atafl OMOT30  Block1-Row1-Cal7 (107113 (264|340 52 53 i

i RADZ1 homolog (5 pom|D45428 Rad?1 OMO132  Blocki-Row1-Gol& (107114 (801|203 52 fid i

4 SRY-box containing gene D49473 Sox17 OMOT34  Blocki-Rowi-Gald 107115 351|372 52 53 i

0 rryacyte enhancer factor 2DG0311 Meafah OMO136  Block1-Row1-Cal10  [107116 1446 | 2078 53 ] i

" aryl hydrocarbon receptor DE3644 Amnt2 Omo138 Block1-Row:1-Col:11 107117 |1537 996 55 65 0 z

Figure 9-5: Preview of selected datasets as spreadsheet view.

Many functions are available from the Edit, View, Input/Output and Spots pull-down
menus for the Spreadsheet view table (Figure 9-6). Under the Edit pull-down menu, the user
can (1) Copy selected rows (along with column headers); (2) Copy selected column on
selected rows (along with column headers), resulting in the copying of values from multiple
table cells from the same selected column; (3) Add new filter row allows additional filter rows to
be added on top of the table so that more flexible filtering/querying can be conducted (for more
details, see discussion on Gene Library in Chapter 3). Alternatively, new filter rows can be
added by clicking ong&r. Furthermore, filter rows can be added or removed by clicking on the
existing filter rows and typing or deleting the filter parameter.

Under the View menu, the user can Hide selected column; Unhide column (if any
column is hidden); use Dittos Mode (") to display data items having the same value with its
previous row; Limit number of records returned initially (current default is 10,000); Count
total results (slower queries) fetch all record at once to get the record number; and Resize
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cols to fit data reset the width of individual columns so that the columns can be displayed in a
clean format, e.g. all column headers are fully displayed.

The Hide, Unhide, and Sort order functions are also accessible by right-click on a
column header.

Under the Input/Out menu, the user can Print the current Spreadsheet, Export to file.

Under the Spots menu, the user can mark selected spots in a pre-opened viewer.

Any ongoing query session can be stopped by clicking on @ .

= Datasets for array type HCTR_MOUSESK 2 :
Datasets for array type NCTR_MOUSESK 2 5 | egit [iew | Input/Output  Spots

Edit | View InputiOutput Spots

@ Hidle selected column

@] Copy selected rows Unhide column »
=7 Fi - Dittos Mode (")

Limit number of records returned initialky

@] Copy selected column on selected rows

[0 Count total results (slower queries)

27 adi new filter row
Resize cols to fit data

Wk =

Datasets for array type HCTR_

Edit View |InputiOutput | Spots Datasets for array type NCTR_MOUSESK 2

i Edit View Input/Output | Spots
@ print

IWF[ Export to file E @

Figure 9-6: Edit, View, Input/Output and Spots pull-down menus for the Spreadsheet view
table.

& Mark selected spots in open viewers

Export original files for selected datasets

Original data files (e.g. GPR files from Axon’s GenePix software), CELL file, image
file(s), and setting files loaded in MicroarrayDB can be exported in their original formats (Figure
9-1).

Export data in a narrow format

In the narrow format, each row represents a spot (gene) with columns corresponding to
the selected fields to be exported. If multiple arrays are selected, additional rows are added in the
spreadsheet. This narrow format has been designed for statisticians using SAS.

Export in TIGR MeV format

Exporting in TIGR MeV format (http://www.tigr.org/software/tm4/mev.html)
is also supported. MeV is TIGR (The Institute for Genomic Research) Multi-experiment Viewer
software.

Export Gene ID matches

If the user choose multiple data set (same or different array type), he can export the data
with common genes by right-clicking the data set and choose Export ->Export gene id matches.
See Figure 9-7.
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Figure 9-7: Export data with gene ID matches
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Chapter 10 What to Expect from ArrayTrack 4.0

ArrayTrack is under continuous development at the Center of Toxicoinformatics of the
NCTR/FDA. ArrayTrack contains three integrated components, database, libraries and tools.
Retrospectively, the development of ArrayTrack is divided into three stages:

1. The version 1 series (ArrayTrack v1.*) is focused on the database component
2. The version 2 series (ArrayTrack v2.*) is focused on the library component.
3. The version 3 series (ArrayTrack v3.*) is focused on the tool component.

Although there will be many small changes along the way as ArrayTrack development proceeds,
the following majors changes are anticipated in the forthcoming releases:

o  We will have several minor releases of version 3 in 2005 that include additional analysis
tools, such as SAM, F-test and so forth.

e The next major release of ArrayTrack version 4 is scheduled for next year (around April
2006); it will provide all essential functionalities for data analysis and interpretation. In
addition, a more flexible data exchange mechanism will be available, by which users can
easily exchange data between ArrayTrack and other public microarray data repositories (e.g.,
GEO, ArrayExpress, CEBS).

e Currently, we only allow the FDA data to be stored in ArrayTrack for an obvious reason, lack
of resources. However, we will start to permit some non-FDA users to deposit their data into
ArrayTrack in accordance with available resources.

o For the local installation version, ArrayTrack has to be run in the ORACLE environment.

Towards the end of 2006 (version 5), we plan the release of an ArrayTrack version that will
utilize freeware databases (e.g. Postgres or MySQL) as a backend instead of ORACLE.
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Contact Us

For further information on ArrayTrack and/or the Center of Toxicoinformatics of the

NCTR/FDA, please contact:

Weida Tong, Ph.D.

Director, Center for Toxicoinformatics
National Center for Toxicological Research
Food and Drug Administration

3900 NCTR Road

Jefferson, Arkansas 72079

U.S.A.

Tel: +1-870-543-7142, +1-870-543-7387

Fax: +1-870-543-7662

E-mail: NCTRArrayTrackSupport@NCTR.FDA.GOV
Weida.Tong@fda.hhs.gov, Leming.Shi@fda.hhs.gov
http://edkb.fda.gov/webstart/arraytrack/
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