IMPORTANT!

With the release of ArrayTrack 3.5.0 this manual is slightly out-of-date. It will be
updated shortly, but until then please see the QuickStart Manual

http://edkb.fda.gov/webstart/arraytrack/Tutorials/AT3.5QuickManual.pdf

and the tutorials

http://www.fda.gov/ScienceResearch/BioinformaticsTools/Arraytrack/ucm082498.htm
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Notice

ArrayTrack software is constantly evolving in terms of features, improvements,
and inevitable bug fixes. This manual is for use with ArrayTrack magjor release version
3.4.0. While we strive for consistency between the manual and version 3.4.0, you might
observe some dlight differences. For updated information, please check the ArrayTrack
web site at:
http://www.fda.gov/nctr/sciencel/centers/toxicoinformatics/Array Track/index.htm

Important 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.

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

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

4. All Spreadsheet viewers share similar functions, e.g. Copy/Paste of selected table
content. Each column can be sorted by clicking the column title.

5. Tutorids are available from our web site:

http://www.fda.gov/nctr/sci ence/centers/toxicoinformatics/Array Track/tutorial s.htm

Disclaimer

ArrayTrack is the software developed by National Center for Toxicological
Research (NCTR) of FDA. All the rights are reserved. The on-line version of ArrayTrack
can be accessed via
http://www.fda.gov/nctr/science/centers/toxicoinformatics/ArrayTrack/index.htm and is
free of chargeto use. Toinstall ArrayTrack locally on your machine, you can send your
request to us and we will send ArrayTrack CD to you for free. Though ArrayTrack isfree
of charge, the source code is not open currently. All the rights are reserved.
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Chapter 1 Overview
1 The best way to use this manual - Read this chapter first

1.1 One minute on ArrayTrack

What IsArrayTrack?

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.

The system is based on a DB-TOOL-LIB integrated structure. (1) The DB is a central data archive
for data storage and management; (2) LIB, a set of libraries that contain data both from online databases as
well as NCTR in-house 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 1-1 and more detailed descriptions of the three components follows.
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Figure 1-1: 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, experiment along with parameters, clinical and non-clinical data.

LIB: LIB is part of ArrayTrack's ORACLE-based relational database that mirrors the most
essential information in public databases related to genes, proteins, pathways, toxicants, and as well as
detailed data for various microarray systems (chips). Most of the data are from NCBI, others include
SWISS-Prot, KEGG, IPI. All this information is not only cross-linked, but most importantly integrated to
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provide a better visualization and presentation. The libraries are 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 4. 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 and clustering. 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 are in development. A
number of data visualization capabilities have already been developed. Additionaly, 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.

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 saved in database and directly linked to information in the LIB. The user can aso hyperlink from
datawithin 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.

1.2 Everything before, during and after

Availability of ArrayTrack

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

Online Version: Users within the fdagov domain (FDA intranet) can download and run
ArrayTrack at http://weblaunch.nctr.fda.gov/[nlp/arraytrack/index.html, and have access to ORACL E-based
DB to store microarray data.

For the users outside of the fdagov 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.

ArrayTrack Quick manual can be downloaded from web site:

http://www.fda.gov/nctr/sciencel/centers/toxicoinformatics/Array Track/index.htm

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

Running Online Version of ArrayTrack

You can aso use this link (http://edkb.fda.gov/webstart/arraytrack/) to run ArrayTrack, or let
ArrayTrack place icons (Figure 1-3) on your desktop and start menu when prompted. Y ou will notice some
delay thefirst time you run Array Track due to the need to download the entire Array Track application. Y ou
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 for local installation, which will greatly
increase speed.

When you activate the ArrayTrack from outside of FDA firewall, you will see the login window
(see Figure 1-2). If you don't have an account you can just click the cancel button or leave the fields blank
then click OK button to login and view the demo data. Non-FDA users without an account can not import
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their own data into ArrayTrack. We will create account for users if they send request to us
(NCTRBioinformati csSupport@fda.hhs.gov ).

Login S|
[2]

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

IO0therwise you can hit Cancel or leave the fields empty,
put only demonstration data will be viewable.

User demo
Password =

Figure 1-2: Login to ArrayTrack

If you are FDA users, you can activate Array Track within FDA firewall
(http://weblaunch.nctr.fda.gov/jnlp/arraytrack/index.html).

Running Local Version of ArrayTrack

If you request CDs for local installation of ArrayTrack, you will receive detailed instructions for
installation and how to configure your local microarray database(s). Please note that for local installation,
your systems must have ORACLE 10g or higher installed.

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

’Eﬂ

arrawTrack

Figure 1-3: The ArrayTrack icon appears on the desktop of a computer after installation.

1.2.1 How to get support
Send your questions or request to: NCTRBIoinformaticsSupport@fda.hhs.gov

1.2.2 How to get the updated information on ArrayTrack

The user can download the user’s manual from our website;

http://www.fda.gov/nctr/science/centers/toxi coinformatics/Array Track/index.htm

The quick help manual give the user a quick overview while the help manual have the detail
description about the software.

1.2.3 ArrayTrack history
e AT version1(2001)
-Filter array; data management tool;
e AT version 2 (2002): in-house microarray core facility
-Customized two color arrays; data management, analysis and interpretation;
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-Open to public (late of 2003)

AT version 3.1 (2004): VGDS

-Affymetrix; analysis capability enhanced;

AT version 3.2 (2005): MAQC (Microarray Quality Control project)

-Tested on 7 commercia platforms (Affymetrix, Agilent one- and two-color arrays, ABI,
CodeLink, Illumina...)

-Integrated with other software (IPA, MetaCore, DrugMatrix, CEBS, SAS/IMP ...)

AT version 3.3-3.4 (2006 — present)

-CDISC(Clinical Data Interchange Standards Consortium)/SEND(Standard for Exchange of
Nonclinical Data) standard

-VGDS (Voluntary Genomics Data Submission)> VXDS

1.2.4 Releases and upgrades

Version Releasing Date
3.1.0CD 3/1/2005
3.1.4CD 6/14/2005
3.2CD 3/8/2006
3.3CD 1/16/2007
Patch 3.3 2/1/2007
34CD 6/30/2008
Web 3.4 1/30/2008
Patch 3.4 8/30/2008

1.2.5 Frequently asked questions

The frequently asked questions are listed at our website:
http://www.fda.gov/nctr/science/centers/toxi coinformati cs/Array Track/arraytrackfag.htm

This webpage covers questions such as how to access ArrayTrack, Array Track’ s system architecture,
ArrayTrack’s security levels, R server/Bioconductor, etc. Thisis aquick way to get answer for those
common questions.

1.3 What is new in this version?

The ArrayTrack data batch import wizard provides a new function called SimpleTox Format. The
SimpleTox input format makes data submission convenient and intuitive, particularly for the
toxicogenomics’ study data. SimpleTox utilizes controled vocabulary from MIAME and SEND
(Standard for Exchange of Nonclinical Data, http://www.fda.gov/oc/datacouncil/cdisc.html) to
permit study data (e.g., animal data and toxicological endpoints) to be input together with
corresponding array data. The study data is managed in the Study Domain for view and query and,
ultimately, islinked to array datafor phenotypically anchored analysis.

The popular SAM-Test tool isavailable. ArrayTrack’s SAM isin R version 2.5.1. There are
variations of test types, includes various analysis types like one-class, two-class unpaired/paired,
one-class time course, two-class unpaired/paired time course, multiclass, survival, etc.

Severa other new data analysistools, such as K-mean clustering, and two-way ANOVA are
available.

Common pathways and/or GO terms shared by up to three lists of analytes can be determined. The
analytes can be from the same experimental platform, such as genes from DNA microarrays.
Alternatively, analytes can come from different technol ogies such as genomics, proteomics and
metabolomics, thus expanding Array Track’s utility for systems biology.

10



ArrayTrack 3.4 User's Manual Center for ToxicoinformaticNCTR/FDA

e Genesinvolved in a pathway or GO term can be readily saved for subsequent data analysis and
modeling. This function is particularly useful if further analysis will focus on biological phenomena
known to be associated with these genes, as would be the case when evaluating the biological
plausibility of a particular molecular fingerprint.

11
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Chapter 2 Working with the 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
two-channel (e.g. Agilent, spotted cDNA or oligo arrays) microarray platforms and adheres to the MIAME
guideline for microarray experiments (http://www.mged.org/WorkgroupsMIAME/miame.html). A set of
tools have been developed for managing, normalizing, visualizing, anayzing, and, importantly, for
performing QA/QC of data stored in the database.

2.1.1 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.

MicroarrayDB (@ Database Contents )
Owner ('i')
Experiment (1)
Hybridization (': two-color array; B filter array; S Affymetrix array)

Significant Gene List FE
Raw gene expression array data (B5)

Normalized gene expression array data (E—ll, if available)

] ArrayTrack Testing

atabase Library Tool Export Help

m‘%{@ New Exp]I)Studies... ‘

o[O3 Affy_Rat_MASS_only
[ Gene Lists
S 123gene_\Welch_F1.8P0.05
= 128gene_simpleT_F1.5_P0.05
Z 134gene_Permutat_F1.5_P0.05
= 219multiGroupsAnova
Z KEGGRDO.O01_31gene
s SAMT13FDROOSF1 .S
Z Topic 1:123genemASa_Fold1.5_P0.05
¢ B8 D0_T12_B_aD0_T12_B[Biotin]

o B MASS{D0_T12_B_a}

E—ll Meanitedian Scaling, ifs=h t=1000.0 s=Median, sh=Y {D0_T12_B_a}

o= ! D0_T12_B_b DO_T1Z2_BE[Biotin]
o= ! DO_T12_C_aDO0_T12_C[Bintin]

U OOT OT OC OT O 30

Figure 2-1: Data structure in MicroarrayDB.

2.1.2 Create experiment

Under the Database window panel of functions (Figure 2-1), the user can select the 3/ New Exp
button to create a new experiment. The user is prompted to specify a unigue title for the experiment and
user group name (owner), as shown in Figure 2-2.

12
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Give an unigue experiment title fg|
@ 'i' User Group Hame: |FQIAN | - | e.g., John Lab; mygrp; Anomamous ...
1 Experiment Mame: |Agilent_Rat_Drug | e.g., 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 amy text. We recommend that the name you use
should be descriptive to the experiment .

| OK [}J‘ 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 who is logged into the Windows
system, and is grayed out. After the owner created an experiment, the new experiment will be shown under
the user group name in the database tree on the left panel.

2.1.3 Delete Experiment

To delete an experiment, double-click the experiment name in the database panel to bring out the
Input Form. An existing Experiment can be deleted by clicking on /I PeleteExp
Database Library Tool Export Help

|§ ‘ ‘%{% Mew Exp | Studies... |

Eg; Databaze Contents

¢ f AMONYMOUS
o [ Affy_Rat_MASS_only
o O Affy_Rat_all_NORM

o [ Dermo_Zchannel Im

o [ Sirmple_ToxFormat_derno

Blmewtrorm 220 20 2 2 2l e s e gl
*is required
@ Experiment Design
*E: il ID: |AffLRaLMﬂ55,Dnly ‘(‘ m Delete Exp ;’E Edit Privileges
Experimenter: Date(mm/ddiyyyy): (02 |/ Ml 2006
Inslilule:‘--salem-- |v‘ Protocol: aEKpun
Exp Types: ‘% Exp Design Protocol: OEnpun
Key words: Hybridization Protocol: | Imp... aEnpun
Exp Description: % Labeling Protocols: OExpon
- RNA Extraction Protocols: oExpon
Phenotype Anchering: j
il il | Imp... aExpon
Comments: j
-
Must /SMEID hefore continuing.

Figure 2-3: Input Form — del ete experiment

13
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2.2 Data Import

If the user needs to import multiple arrays (e.g. 2, 10, or 50 hybridizations) of the same array type,
s/he can use the “Batch import” function. There are two formats for batch import: 1) regular batch import,
2) SimpleTox format. SimpleTox format is designed for animal toxicology study data submission, with
combined and extracted main fields from SEND (Standard for Exchange of Nonclinical Data). However, it
is not limited to animal study. The data can be customized for clinical data storage. These two types of
batch imported will be addressed later.

Hybridization file

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), ArrayTrack
provides some example files under the Help pull-down menu, see Figure 2-4. In hybridization file, the
hybridization name must be unique. The column for file name lists the data files that associated with each
hybridization. The sample name can be duplicated. The hybridization file must have these three columns at
least. The other columns are optional depending how much info the user wants to put in.

A B C D E F

1 |HybName Cy3 Sample Cy5 Sample Cy3 Organ | Cy5 Organ  FileLocation

2 Al SUR1 CUR1 Universal Universal testAA] txt

3 |A2 SUR2 CLUR2 Universal Universal testALAZ txt

4 A3 SURS CUR3 Universal Universal testAVAT tut

5 |A4 SUR4 CLUR4 Universal Universal testALAd txt

B A5 SURS CURA Univergal Universal testALAS tut

7 B1 SURB AB1 Universal Erain testBNE tut . 5

8 |B2 SUR? AR2 Universal | Brain testBAB2 tut Ly ArrayTrack Testing

9 B3 SURS AB3 Univergal Erain testBAB3. tut _

10 B4 SURS ABS Universel  Brain testeBatt  Database Library Tool Export HE|P|

11 |BS SURTO ABS Universal Brain testBNBS tut T

12[C1 SURTT ALl Universal  Liver testChCltet |50 @ %%l New Exp | Studies Ahout ArrayTrack
13 |c2 SUR1Z ALZ Universal  Liver testC\C2txt |20 = q

14C3 SUR13 AL Universal _|Liver testCACa.bt | o— Open Quick-Start Manual
18 |c4 SUR14 ALY Universal  Liver testCACA txt E:g Database Contents Tutorial

16 |C5 SURTS ALS Universal Liver testCACS it -

17 D1 CURI ABB Universal  Brain testiDl et | 7 W AMONYMOUS Open ArrayTrack Manual
18 |02 CUR2 AE7 Universal Birain testD\C2.txt || &= BEATA

1803 CUR3 AR Universal | Birain testD\D3tt | o pn Sample Data

20 |D4 CUR4 AB9 Universal Brain testDAD4d. txt .

21|05 CURS AB10 Universal | Birain testoEtt | W CORHTRAINING About Library

Figure 2-4. Hybridization file for regular batch import and example files

2.2.1 Batch import regular data

The following is an example of batch importing 20 hybridizations (2 channel data).

After the hybridization file is ready, the user can start batch import. There are several waysto
activate “Batch Import” function: 1) from “Database” pull-down menu, 2) if experiment has already been
created, right-clicking the experiment name and choose “Batch Import”. See Figure 2-5. After choosing
“Batch Import”, the “Batch Import” window shows up (Figure 2-6).

&% ArrayTrack Testi =
Eg Diatabase Contents =

Database | Library Tool Export Help 9 'i' AMOMYMOLS
35 Create a New Experiment - Afy_Rat_MASS_only
o [T Affy_Rat_all_NORM
‘%[% Batch Import an Experiment o Demo_2channe Batch Import Data
A T Modificati » X Strain_mice_fwi B
rray lype hModrication o @ CAD Batch Import Data - Simple Tox Format

Figure 2-5: Activate “Batch Import” function
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".“; Batch Import E|

P Click Open Configuration
button if you have configure
file, if not just skip it.

Please Fill Out Experiment Information:

Array If you have configuration file, load it to autofill. | Open Configuration

Track

L _Select.- -
- NCTR_MOUSESHK 2 B

Experiment Name : ‘Demojchannel |v‘ NCTR MWG Mouse 14K

Array Type Name : |--Selec1-- (‘ V| NCTR_MWG_MDUSE 20K

Species : ' Human ) Mouse @ Rat i Others NCTR—MWG—MUUSE1BK

o NCTR_MWG_Rat 10K
fissay @ @ L NCTR_MWG_Rat10K Demo |\,
M DEATEERE MCTR_MWG_Rat_10K_48pin

(® Insert new datas, with no updates of existing data
. o I ) MCTR_RATAK 1
) Only update existing hybr and ignoring intensity datas and images =

- —— Click Next button
== chm | [Lren]

Figure 2-6: Batch import interface

4]

In Figure 2-6, the user can select array type name, choose species, and assay.

Step 1: Right now the user can ignore the button “ Open Configuration” which will be explained later.
Make sure the experiment name is correct. Select the right array type from the pull-down list. If you can't
find the array type from the list, see page 23 about array type information. Choose the right specie, if the
specie is other than human, mouse or rat then select “Others’. Select the right assay.

There is an option at the button for inserting new data or updating. The default is*“ Insert new data,
with no updates of existing data” which appliesto most cases. The second option is for updating
hybridization information without changing data intensity value. For example, after finishing batch import,
the user may realize that some sample information is missing. In such a situation, the user can add a sample
information column in the hybridization file, and then do the batch-import again using the updating option.
Users can add multiple columns but they must make sure that the hybridization name column and file name
column are not changed otherwise ArrayTrack can not match the updates to the existing hybridizations.

Using this option the user can edit information related to sample (e.g. sample name or label)
without impact on data intensity value.

Click “Next” button.

Step 2: map hybridization info file to database. Click the first “Browse” button to locate the data directory
then click the second “Browse” button to open the hybridization file.

15
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@Balch Import @
Map Hybridization Info File To Database Click browse button to locate the data
Array Raw Data Files Root Directory : ‘u\rravTrackE ElcreateArrayTypeExample| E Browse ]
Hybridization Information File : |ateArrayTypeExamp\e\hyhmd\zatinnJ xls| Browse CIICk browse bUtton tO Iocate the hybrldlzatlon
HybMame | Samplel Channel1 Sample2 | Channel? | Compound | Bio_replicate | Dose Time FileMame ‘
control_0_1 |S0807 Cya reference  |[Cy3 cantral U 0 Brmonths 2004-12-15-50507-rescan gpr -|
control_0_2 |S0508 Cy5 reference  |Cy3 control 2 0 Bmonths 2004-12-15-50508-rescan.gpr =
control_0_3 |S0817 Cya reference  |[Cy3 cantrol 3 ] Ermanths 2004-12-16-50517.gpr
contral_0_4 |S0518 Cya reference  |Cy3 cantral 4 0 Brnanths 2004-12-16-50518-rescan2 gpr |
For each column description below, select a table column above and click the descriptiol - R . -
l hutton to make the i To add more fields, click right button "( Motg DBF'EMD Hybrldlzatlon flle
D [HYBRIDIZATION] — | u
=P [ [SAMPLE] for channel 1 | %] [sampiet |
=D | [HYBRIDIZATION] labelname for channel 1 | (3] |-setect.- -
--Select-- For|
=y [SAMPLE] for channel 2 | =] |-new L
(Cy3 -
1 [HYBRIDIZATION] labeiname for channel 2 | 1] ﬁfxm Ly
lexaz 3
[E [ARRAYRAWDATA] description | 3] |aiexas
33P ~]
[ [ARRAYRAWDATA] T (tzt) | |
(= [VIVODOSE] for channel 1 | =] | |
| [VIVODOSE] for channel 2 | =] | |
| VIYODOSE] doseamount for channel 1 | | |
[ [VIVODOSE] doseatnount for channel 2 | | | m
= | [VIVODOSE] schedule for channel 1 | =] | | =
‘ < Back ‘ | Mext > ‘ ‘ Cancel | | Help |

Figure 2-7: mapping the hybridization columns to database fields

Step 3: Map the columns to database fields.

In Figure 2-7, the blue arrows at the left side of the field buttons means thisfield isarequired field
(the right-side empty box has to be filled), all the others are optional. The [¥! button at the right sideis 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.

If the user wants to map columns to the other database fields which are not showing in the default
window, he can click “More DB Fields’ button to bring up more database fields (Figure 2-8).

In Figure 2-8, the database fields in the right panel are the fields that will be shown in “Batch
Import” interface (see Figure 2-6) while the database fields in the left panel are more options available for
choosing. The user can move the database fields from | eft to right side or vice versa. Some of thefieldsin
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.
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x]

Select database fields from left panel.

[»

E EXP.exptitle HYBRIDIZATION.hybname
EXP.expdate SAMPLE.{amplename
EXP.arrayplatform HYBRIDIZATION.labelvame1
EXP.exptype HYERIDIZATION. labelname2
EXP.keyword ARRAYRAWDATA.description
EXP.description — ARRAYRAMADATA.rawdatafilename
EXP.experimenter
EXP.institute
EXP.division
EXP.comments
EXP.phenotype ==
HYBRIDIZATIOM.arraynuminslide @=
HYBRIDIZATIOM.slideusagecount
HYBRIDIZATION.arraytypename
HYBRIDIZATION.labelinwho
HYBRIDIZATION.labeldate
HYBRIDIZATION.hybprotocol
HYBRIDIZATION.hybinawho
HYBRIDIZATION.hyhdate
HYBRIDIZATION.hybnotes
HYBRIDIZATION.labelnotes -

-

4] Il [ 1] | 4] i I»

| OK H Cancel |

Figure 2-8: more database fields for choosing

Step 4: After mapping the columns to the database field, the user can click “Next” button to preview the

data information before importing.

Preview Table For Hyb Assignment

Array
Track

HYBRIDIZATIO. | SAMPLE . |HYBR. |SAMPLE SA |HYBRI| [ARRAY |ARRAYRAWDATA RAWDATAFIL [VIVOD
control_0_1 50507 Cy5 reference Cy3 rawy 2004-12-15-50507-rescan.gpr  [control|
control_0_2 50508 Cy5 reference Cy3 rawy 2004-12-15-50508-rescan.gpr  |control
control_0_3 S0517 Cy5 reference Cy3 rawy 2004-12-18-50517.gpr control|
control_0_4 50518 Cyh reference Cy: raw -12-16-80918-rescan2.gpr |control
control_0_5 527 Cy5 reference Cy. ra -17-80527-rescan.gpr |contral
Drug1_250_1 4] Cy5 reference Cy. ra 5-50813.0pr Drug1
Drug1_250_2 514 Cy5 reference Cy. ramy -12-15-5091 4.0pr Drug1
Crugl_250_3 50523 Cy5 reference Cy3 rawy 2004-12-18-50523.0pr Crugl
Crugl1_250_4 50524 Cy5 reference Cy3 rawy 2004-12-18-50524.gpr Crugl
Crugl_250_5 50550 Cy5 reference Cy3 rawy 2004-12-17-50550.0pr Crugl
Drug!_500_1 51 Cy5 reference Cy. ray - 5-50815.0pr Drug
Drug1_500_2 51 Cy5 reference Cy. ra 5-50816.001 Drug
Drug1_500_3 52 Cy5 reference Cy. ra -12-16-80525.9pr Drug
Drug!_500_4  |30521 Cy5 reference Cy. ram -12-16-50526.0pr Drug
Crugl_500_5 50549 Cy5 reference Cy3 rawy 2004-12-17-50549.0pr Crugl
< i I D
| <Ba.. ‘ | Import ‘ | Cancel ‘ | Help ‘

Figure 2-9: batch import preview window
In Figure 2-9, 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 “Back” button and re-do the Step 1~ 4. After previewing it, click | '™Pert - button to start
importing. User will be asked to save the configuration file. We suggest saving the configuration file. If the
batch import failed thistime, user can load the configuration file that saved al the previous choices and
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mapping to perform batch import again. The configuration file makes sure that the user does not need to
repeat mapping steps. 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 prevents errors when importing datain large scale.

When batch importing Affymetrix data, if the user wants to import .CEL file and probe set file or
image file, he needs to specify the datalocation. It is suggested that the .CEL file and probe set file are
located in same directory. The procedure of batch import Affymetrix datais similar to two channel data
import.

2.2.2 Batch import SimpleTox data

SimpleTox batch import is for storing animal toxicologica study data. In Figure 2-10, right-click
the experiment, choose “Batch Import Data— Simple Tox Format”
Ei Datahase Contents
o ANONYMOUS
o= 'u' CAD
o DEMOD
o [ Myeloma_dermo

[ Birnple_Tox_Example
o- @ EFA Batch Import Data

il ; FOATRAIMIMG Batch Import Data - Simple Tox Format

Figure 2-10: batch import in simple tox format

In Figure 2-11 click “Browse” button to locate the hybridization file and data files directory. Then
click “OK” button.

“‘f Select Files for Data Import

Hybridizations File |3-\I7ATanuhTG)(\CIITjDCELELTUXSc\2006\5imp\efTUx.xls|‘ Browse| |

Data Files Directory |<\MAQC—II\MAQC—\\_AT_Input\TG;(\CIIT_?DCELS_TD:(BE\2IJI]E|‘ Browse |

Figure 2-11: select files for dataimport

Figure 2-12 is an example of hybridization file for SimpleTox format. User can usethisasa
template to make his own hybridization file. Just make sure that in your own hybridization file, the column
titles are exactly same as this template. This example file (sample data) can be downloaded from
ArrayTrack help pull-down menu.

L] Arraylrack v.3.4.0 - Non-FDA network, ANONYMOUS

Library Tool Export Help‘
@ '%% New Exp | Studies... SEoUlBavITack

g 0pen Quick-Start Manual
E; Datahase Contents Tutorial

.
- 'l' EE%EYMOUS Open ArrayTrack Manual
L

¢ [ CEER _test SampisiDats

o- ain A Q380 Sirain 4 About Library

§I SimpleTox Hamner_ NoArraydata

| ~ | B | ¢ | b0 [ E [ F T 6 [ H [ 1 [ JT v FE]T WM [ N [  @© ]
| 1 |Array_ID |Subjectll |institution StudyTitle StudyType |C0llllml"“|C|'ﬂSS |‘3|'-‘5‘SR€'@H’-"ﬁe ‘Compouml CAS Control Treatmen Dose  DoseUnit HybName  SampleName

27 792|122 Hamner  Hamner Mice Li/Repeat Dose Com Oil b C 0 mgfky RT_0_13 22 |RT _0_13_22 Lung_ComOil
Lee 793124 Harnner  Hammner Mice LU Repeat Dose Corn Oil Y C 0 rngfhey RT_0_13_24|RT _0_13_24 Lung_ComOil

| 4 | 794125 Hamner  Hamner Mice LiURepeat Dose Carn Oil b c 0 mgfly RT 0 13 25|RT 0 13 25 Lung_ComOil
L5: | 795127 Hamner  Hamner Mice Li/Repeat Dose Raodent Chow Y c 0 pprm RT_0_13 27 |RT_0_13_27_Lung_RodentCho
| 6 | 796128 Harnner  Hamner Mice LU Repeat Dose Rodent Chow ¥ c 0 pprm RT_0_13_28/RT_0_13_28_Lung_RodentCho
=2 797129 Hamner  Hamner Mice LiRepeat Dose Rodent Chow i c 0 ppm RT 0 13 29|RT 0 13 29 Lung_RodentCho
| 8 | 795112 Harnner  Hamner Mice LURepeat Dose  Mon-lungturnorigen  NTP_No168 N-{1-naphthylet 1465-25-4 W MLT 20000ppm RT_2000_13 RT_2000_13_12_Lung_ethylen
L 7991-14 Hamner  Hamner Mice L Repeat Dose |Mon-lungtumorigen NTP_MNol163 MN-(1-naphthyliet 1465-25-4 N MNLT 2000 pprn RT 2000 13|RT 2000 13 14 Lung_ethylen
|10 500/1-15 Hamner  Hamner Mice Li/Repeat Dose |Non-lungtumorigen NTP_Nol1B3 N-(1-naphthyljet 14656-25-4 N NLT 2000 ppm RT_2000 _13|RT_2000_13_15_Lung_ethylen
| 11 80112 Harnner  Hamner Mice LURepesat Dose lung turatigen NTP_Mo143 1 .5-Naphthalene 2243-62-1 N LT 2000 pprn RT_2000_13 RT_2000_13_2_Lung_Naphthal

Figure 2-12: template of hybridization file for simple tox format batch import
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The following table explains the meanings of each column in the above hybridization file.
The red-colored parts are required fields, while black-colored parts are optional fields. If you don’t

have Array _ID, you can use subject_ID as Array ID. Subject ID must be unique. If it is not, the

user needs to add suffix number to make it unique. Additional fields that may be needed to
describe the study can be added to the SimpleTox table.

SimpleT ox Column
Head

|Descr iption

[Example

hybridization name

| nstitution |Laboratory or institutionname ~ [NCTR/FDA, EPA
DataFile Microarray datafile GSM142129.CEL
HybName User specified identifier for a APAP D100 T6 Jun04;

APAP DO T6 Jun04

SampleName

Sample name

IAPAP_Do0sel100_Time6;
IAPAP Dose0 Time6

Array ID User-specified identifier for a 1,2,3 ... or p1002356
hybridization
L abel [RNA label reagent [Bictin; Cy3
ArrayType Array type Affymetrix Mouse 430 2
Subject ID Subject identifier
StudyTitle Study title 6 days repeating toxicity study
Tech_Rep Technical replicates; microarray |A,BorC; 1,2,0r 3
Specific
Bio Rep |Biological replicates A,BorC; 12 or3
HybDate [Hybridization date 2/25/2007
StudyType Study type Single Dose Toxicity or Repeat
[Dose Toxicity
Compound Compond name Carbon Tetrachloride;

A cetaminophen

In Figure 2-13, select theright array type, then click OK button. During the import users will see
the Figure 2-14 A. When import is finished, a summary report will show up, see Figure 2-14B and C.

Translate ArrayType Names g]
Iz‘ Please select avalid arraytype for each unrecognized arraytype from the file.
ArrayType In File Standard ArrayType Name in ArrayTrack
Affymetrix Mouse 430_2 Affy_Moused430_2 -

Affy_MG-UT4Cv2
Affy_MOE430A
Affy_MOE430B

Enffy_MuusealSl]A_Z
[Affy_Moused430_2

[Affy_Mu11KsubA
Affy_Mu11KsubB
Affy_Mu19KsubA

Figure 2-13: select array type for batch import
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Success

©

Center for ToxicoinformaticsNCTR/FDA

ﬁ;‘ Importing Data [‘5__<|
[ |
Importing hybridization
RT_0_13_22_Lung_CornOil_Mouse430_2_IMFGN0023_8792.. A
Inserting intensity data...
Frocessing hybridization RT_0_13_22_Lung_Cornil_Moused430_2_IMFGMO023)
Insering sample "RT_0_13_22_Lung_CornQil" for hybridization RT_0_13_22_L
Ok Inzerted sample "RT_0_13_22_Lung_CornQil
Mo sample # 2 specified
Loaking for existing hybridization record for "RT_0_13_22_Lung_CornQil_Maouse
Inzerting hybridization record for "RT_0_13_22_Lung_CormOil_Moused430_2_IM
0k, inserted new hybridization "RT_0_13_22_Lung_CormOil_Moused30_2_IMF
Converting cell "GSM1421 28 CEL" to prohe-setfile ...
q] I | [»
— =1 Datahase Contents
-
B = o 'ﬂ' AMOMYMOUS C
Import Summary = o CAD

Itnport of 10 bybridizations and 10 toxicoelogical observations
cotnpleted without error.

Detailed Import Log

Processing hybridization

BT 0 13 97 T ang CoendTil Tulmieed 30 9 TRAECGRIOO 2 707

4] I |

| »

¢ M DEMO

o [ Myeloma_derno

¢ [C|girmple_Tox_Exarnple]
o n RT_0_13_22_ Lung_CornOil_housed30_2_|
o= E RT_0_13_24_Lung_CornOil_Moused 30_2_|
o= E RT_0_13_24_Lung_CormOil_Moused30_2 |
o n RT_0_13_27_Lung_RodentChow_Moused3
o= E RT_0_13_28_Lung_RodentChow_Moused 3l
o H RET_0_13_29_Lung_RodentChow_Moused 3
o n RT_2000_13_12_Lung_ethylenediamina_hi:
o= E RT_2000_13_14_Lung_ethylenediamina_m:
o H RT_2000_13_15_Lung_ethylenediamine_hic
o n RT_2000_13_Z_Lung_Raphthalenediamine,

Figure 2-14: import status and import summary

2.2.3 View SimpleTox data
To view SimpleTox data, click “Studies...” button (Figure 2-15) to bring out the window below

(Figure 2-16).

Database Library Tool Export Help

: @ %@ New Exp Z’tudies.}

Eg Database Caontents

¢ ANONYMOUS
o [ affy_Rat_MASE only
o= [T Affe Rat all MORM

Figure 2-15: view SimpleTox data
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In Figure 2-16, user can select the study name (e.g. Simple_ToxFormat) and then click “View
Observation” button at the left top of the window. Users can also search data by study or individual
observations.

View Observations

Search Studies

ﬂ: Search | [] case sensitive [ | search individual observations

%ﬁ | STUDY_NAME STUDY_ID| SUBJVAR | Allowed Class ClassCode| Compound |Laboratory M. |Organ| Route Sex | Species | Strain Study Title | Study Type | Tissue
ST Filter» |
1 Hamner Mice Lung tumor F311 Animal_IC{Yiew Only |Non-lungtumaor|LT | KNLT |1 5-Maphthalene/ Hamner Lung |Diet| GavagF Mouse |BEC3F1 |Hamner Mice| Repeat Dose|Lung
2 [sirnple TaxFormat Dema 317 Anirnal_IDView Only |Liver Toxicity  |LT Cd Cedars_Sinal Cell Culture/M |Rat Fischer 3/Simple ToxFosingle Dose |
4] [v]
Exps (1 @s! 59

Experiments Referencing Selected Studies Above

\l\. Select Exp Datasmsll}type any he

a7 | EXPID* EXPTITLE = EXPDATE ARRAYPLATFORM EXPTYPE| KEYWORD DESCRIFTION OWNERID | EXPERIMEMTER| INSTITUTE| DIVISION| COMMENTS| PHENOTYPE
NP Filtar>

il 1270 Simple_ToxFormat | ANORYRIO!

[4]

Figure 2-16: view observations of SimpleTox data

There are two tabs in the middle section of the window: Exps and Hybs. Clicking these two tabs
will bring out the information for experiment associated with the study and hybridizations for the
experiment. See Figure 2-17.

[ studies

View Observations

Search Studies

[[] case sensitive [ | search individual ohservations

‘%{ﬁ | STUDY_MNAME STUDY_ID| SUBJIYAR |Allowed Access Class ClassCode
T A BT O RTTE T e AT = Sr 2 T T T o T ur IR WIS & WO | e R IORILETT il CETETITTURTTETT|
26 Harmner Mice Lung tumar FQIAN - 10031/07 1:26 PM 31 Animal_IDiew & Modify  |Mon-lungtumarigen | lung turmaorigen LT[ NLT 1,5-Naphlha|en47
7 ! irl”nnle ToxFormat Dermo il Inimal 1D iy QI Liver Toxicity LT Ci ‘ llL
1 i 3

Hybr ing Studies Above
de7 | Hybridization| SAMPLE 1] LABEL 1 | ARRAYTYFENAME HYEDATE | BI0_REPLICATE TECH_REPLICATE|SPECIES 1] ASSAY 1] CELLTYPE 1 |SDTMSUEL.. Datafile

? Filter> il

1 DO_TOE ai |DO_TO_E Biotin  Affy RT-U34 11/5/2004 0:00:00 |B a Rat invitra | Primary Hepatocytes [Animal_ID | B00CH000A CEL/BIOC

2 DO_TO_E b2 [DO_TO_E |Bintin  Afy_RT-U34 11/5/2004 00000 |B b Rat invitra | Primary Hepatocytes |Animal_ID |BODCH000R.CELIBOOG] —

3 DO.TO ¢ a3 |DO_TO_C Biotin  Affy RT-U34 11/5/2004 0:00:00 |C a Rat invitra | Primary Hepatocytes |Animal_ID | C00CA000ACELICO0C |

a DO_TO_C_b4 [DO_TO_G |Bintin | Affy_RT-U34 11/5/2004 00000 _|C b Rat invitra | Primaty Hepatocytes [Animal_ID_ |G00CH000B CEL/ICO0G

5 DO_TOD_a5 |DO_TO_D Biotin  Affy_RT-U34 11/8/2004 0:00.00 |D a Rat invitra | Primary Hepatocytes [Animal_ID | D00CA0004 CELIDOOC

] DO_TOD b6 |DO_TO_D Biotin  Affy_RT-U34 11/5/2004 0:00:00 _|D b Rat invitra | Primaty Hepatocytes [Animal_ID | D00CH000E CELDOOC

T DO_T12_B_a7|D0_T12_BBintin  Affy_RT-U34 11/5/2004 00000 |B a Rat invitra | Primary Hepatocytes [Animal_ID |B12¢d0004 CEL/R 26

8 DO0_T12_B b 8|00 T12_BBiotin _ Affy_RT-U34 11/5/2004 0:00:00 |B b Rat invitra | Primary Hepatocytss [Animal_ID_|812Cd0008.CELIB12C

a DO_T12_C_a 8|D0_T12_CBintin | Afly_RT-U34 11/5/2004 00000 _|C a Rat invitra | Primaty Hepatocytes [Animal_ID_ |G12Cd000A CELICT 20

10 DO_T12_C_h 10D0_T12_CBiotin  Affy_RT-U34 11/8/2004 0:00.00 |C b Rat invitra | Primary Hepatocytes [Animal_ID | C12Cd000B CELICT2C

" DO0_T12_D_a 1{D0_T12_DiBiotin | Affy_RT-U34 11/5/2004 0:00:00_|D a Rat invitra | Primaty Hepatocytes [Animal_ID |01 2Cd000A CELIDT 20

12 DO_T12_D_h 1]D0_T12_DiBiotin  Affy_RT-U34 11/5/2004 0:00:00 |D b Rat invitra | Primary Hepatocytes [Animal_ID |01 2Cd000B CEL/D12C

13 DO_T24_B 21100 _T24_EBiotin _ Affy_RT-U34 11/5/2004 0:00:00 |B a Rat invitra | Primary Hepatocytes |Animal_ID |B24Cd000A CEL/E24C0 |

o SRR PP D in " P n . = itz | wtvncser it PN PPy hd
4] Tl D

Figure 2-17: displaying hybridization information for the experiment

In Figure 2-18, users can highlight the experiment and click “ Select Exp Dataset” button to
select all the data (or just raw/normalized data) in the data panel for data analysis purpose.
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Studies
i | View Observations

Search Studies

| | [ | case sensitive [ | search individual observations
%ﬁ I STUDY_MAME STUDY_ID|SUBJVAR |Allowed Atcess Class ClassCode

& Harnner Mice Lung rmar H 41 1 Enirnal_IC View & Modify | Man-lungiumarnigen | lung fumarigen CTTHCT [T,6-M]a

27 Simple ToxFormat Demo  |317 Animal_IDYiew Only Liver Toxicity LT Cid |-
q] i [¥]

fE:psH] [ Hybs (59) |

Experiments Referencing Selected Studies Above
@elect Exp Datasets type iﬂr\k

a
%ﬁ' | EXFPID * E}(F'TITL(E* :: )lRRﬁYF'LATFORM EXPTYFPE| KEYWORD|DESCRIPTION | OWMNERID | EXPERIMENTER| INSTITL
W Fitter> ormalized —
1 1270 Simple_ToxForma_oe— AMOMYMO -
<] I [ [ |

Figure 2-18: select experiment dataset for data analysis purpose

2.2.4 Delete SimpleTox data

To delete SimpleTox data you have imported, you need to delete the experiment first and then
delete the study. Double-click the experiment name in the data panel to bring out the Input Form, then
click “Delete Exp” button.

Database Library Tool Export Help ] nput Form

‘ %{@ New Exp " Studies... | _ _ IM

*is required

T DEMO
E— [ CEER_test @Experimem Design

= Myeloma_derno - + Experiment ID: |Tesl ‘Qu M pelete Exn)| + ¥ Edit Privileges
o [ oneTime_Course = ) M .

o Simple_Tox_Example
- = HERES B * Experimenter: Date(mm/ddiyyyy): DJDE |

Figure 2-19: delete SimpleTox data

Users will be asked the following question, click “Yes’ button to permanently delete the
experiment.

Select an Option

E PERMANENTLY DELETE this Exp record and the i all and Hybridization records il ing Image files rawdata file, setting files, and normalized data if it has from Database?

Figure 2-20: permanently delete the experiment

After deleting experiment, you need to delete the study. Select the study, right-click, choose
“Delete Studies’. See Figure 2-21.
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E Studies

¢ % DEMO
o [ CBER_test

| view Observations

Search Studies

o= [ Myeloma_dema
- B OneTirme_Course - | | || case sensitive | | search individual observations
o [ Simple_Tax_Example e STUDY_NAME STUDY_ID|SUBIVAR Allowed Access
26 Hamner Mice Lung tumar FQRIANM - 10727007 1:26 PM 3 Animal_|Diew & Modify  |Mon-lungtumord a
27 Simple ToxFormat Demo T Animal_|Crview Cnly Liver Toxicily =
22 Simple ToxFormat Demo @ c o to clioboard ectlD |View & Modify =]
4 M opy rows to O
e A e ST % _Copy selected column on selected rows to cliphoard L
Exps(1) | Hybs(2) | Delete Studies
Experiments Referencing Selected Studies Airove
| 8 select Exp Datasets ‘uﬂype any he
%ﬁ’ IEXP\D* EXPTITLE * |EXPDATE ARRAYPLATFORM | EXPTYPE| KEYWORD DESCRIPTION | OWHERID | EXPERIMENTER| NS
<7 Filter> B
1 BA0 ATvfreshTest FaQlAN testl |
«] B

(%]

Figure 2-21: delete the study

Data Export: for information about exporting data please refer Chapter 10 Data Export.

2.2.5 Update Hybridization information

After importing data, users may want to add more information to the hybridization (e.g. dose, date,

etc) without overwriting data intensity. ArrayTrack provides this function. The user can right-click the
experiment name, then select “ Batch Import Data’. See Figure 2-22.

(=] Database Contents

¢ ® ANONYMOUS
o [ Affy_Rat_MASS_only
o [T Affy_Rat_all_NORM
o [ Demo_Zchan
o [ Sirnple_ToxF
o =3 Strain_mice_]

L

Batch Import Data
Batch Import Data - SimpleTox

Figure 2-22: update hybridization information

4% Datch Impart

X

Plense Fill Out Experiment Information:

Experiment Name : [Dema_2channel
Aaray Type Name : [NCTR_MWG_Rat10K_Demo

Species : U Humon O Mouse & Ral O Dihers

Nssay @ ®wvo Cwiro

Inserts o Updates?
W datas, with no updites of axieting data
uo aisting Al samples,

ey =

datas and iImages.

| Cancel | Help

Figure 2-23: update existing hybridizations and samples

23



ArrayTrack 3.4 User's Manual Center for ToxicoinformaticNCTR/FDA

In Figure 2-23, thereis an option for inserts or updates. Make sure the second option (updates) is
selected. Click “Next” button. Then in Figure 2-24, users only need to map the hybridization name and the
additional column which is“Bio_replicate” in this example, leaving other mapping untouched. So the
previous imported data will not be changed, only new information (Bio_replicate) is added. Click “Next”
button. The rest steps are the same as regular batch import.

&% Batch Import @
Map Hybridization Info File To Datahase
Raw Data Files Root Directory : ‘ Browse ‘
Hybridization i File : ‘ateArrayTypeExampIe\hybnd\zatiUnJ ls| Browse |
HybhName Samplel Channell Sample2 Channel2 Compound Bio_replicate Dose  Time FileName
control_0_1 (50507 Cyd reference  |Cy3 control 1 0 Emont...|2004-12-1... [=]
control_0_2 |50508 Cyd reference  |Cy3d cantrol 2 0 Broont..|2004-12-1.. [=|
control_0_3 [S0517 Cy5 reference  |Cy3 cantral 3 0 Ermont. |2004-12-1
control_0_4 [50518 Cy5 reference  |Cy3 control 4 0 Bmont...[2004-12-1..
contral_0_& (30537 Cy5 reference  |Cy3 control 5 0 Bmont..[2004-13-1 -
For each column description below, select a table column above and click the description More DE Fields |
button to make the assignment. To add more database fields, click right button
= | [HYBRIDIZATION] |[] [Hyerame | =]
= | |SAMPLE] Tor channel 1 |[&] | |
=2 [HYBRIDIZATION] labelname 1 |[] [-setect.- v
= | [SAMPLE] for channel 2 | ] | |
o | [HYBRIDIZATION] 2 |[%] |-setect.- v
| [ARRAYRAWDATA] description |[=] | |
] | [ARR DATA] ¢ (tat) | ] | |
Bl | [VIVODOSE] for channel 1 =] | |
Bl | [VIVODOSE] for channel 2 =] | |
Bl | [VIVODOSE] for channel 1 =] | |
5l | [VIVODOSE] for channel 2 |[= | |
@ ‘ [VIVODOSE] schedule for channel 1 ‘ |E| | |
@ ‘ [VIVODOSE] schedule for channel 2 ‘ |E| | |
Il [HYBRIDIZATION] bio_replicate |[®] [Bio_replicate | &
| < Ba... | ‘ Next > | | Cancel ‘ | Help ‘

Figure 2-24: Update hybridization information

2.3 Create Array Type

2.3.1 Overview

One essential item that needs to be input in batch import is ArrayType. ArrayType defines basic
information about the arrays with which an experiment is being conducted. In ArrayTrack 3.4 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 anew array type.

The ArrayType Information for a particular array can be conveniently viewed from the Chip
Library (see Figure 4-36 in Chapter 4).
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2.3.2 Activate Array Type | nformation

Array type specifies all the information of each spot like gene name (or other unique ID), location
(row, column) and other annotation contents. ArrayTrack Chip Library stores over 190 array types
(standard and customized array type). Before importing any array data into ArrayTrack, the user needs to
check if the related array type is available in the Chip Library, if not then the user needs to create a new
array typefirst.

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 4 4.9 Chip Library for
detail.

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 2-25 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 atotal 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.

3 WETH_ MG jsure 30K a8

Figure 2-25: ArrayType Information File.
Generally any array type can be created in ArrayTrack. Following are just two typical examples.

1. Createtwo channel array type:

To create anew array type, click “Array Type Modification” from Database pull-down menu then
choose “ Create aNew Array Type”. Thisfunction is only available for locally-installed ArrayTrack. The
on-line version will not allow the user to create/delete new array type.

L] Arraylrack Testing
Database | Library Tool Export Help

‘%@ Create a New Experiment :

45 Batch Import an Experiment NE

Array Type Modification | 3= Create aNew Array Type
BEATA

T=
o= CAD %{% Update an Array Type
o= CORHTRAIMIMG

o CHUNYU_LIU_UCHICAGO 35| Update Affy Array Type
o= DEMD

o ® EPA ]Il_]ﬂ Delete an Array Type

Figure 2-26: Create anew array type

In Figure 2-27 user needs to specify the file name for the ArrayType Information File, the array
type name and manufacture name (Agilent, Affymetrix, etc). If the manufacture nameis not in the list, user
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can create a new one. User also needs to specify the channel type, species and the type of array elements
(oligo or cDNA).

‘q‘) Import ArrayType E‘

Manufacture Name: [MWG
Please Fill Out ArrayType Information: CSelect..

Al'l'iy Array Reporter Typej e
Tj‘ i : I i If you have configuration file, load it to auto fill. {;m
etrix

Channels:  one iy y

liiv] 4

Array Type File: [yTypeExamplaiNCTR_MinNG_Rat 10K b
Array Type Name: |NCTR_MWG_RaI1UK_Demu

Manufacture Name: ‘MWG ( |v‘

New Hem NMame:

Array Reporter Type: (® Oligonucleotide (sequence) ) cDNA array

Channels: ) one channel @) two channels ||
Category: ) Human () Mouse @ Rat () Others
OK Cancel

<Ba.. ( Next >) ‘ Cancel Help

Figure 2-27: Loading Array Type Information File

In Figure 2-27, users can ignore the button “Open Configuration” if you don't have one. Y ou will
be asked to save the configuration file later. Click “Next” button.

] Import ArrayType FX\

pot Location Format
e
i
b MetaC oiMetaRowiColflow BlockiColfow
MetaC ohumn
Block

Array ot - E0 B
Track Select Location Type: R E@;‘@E@E}@ et . L_XJI;_:} =

() MetaColMetaRow/Col Row R st
Rowk ol by Blocks 12 o X Col by Blscss
@ BlockiColRow frsd-Foe s EH-H | T X o o o Dok 14 X8
ORﬂW.’Cﬂl 0 Wit oo = 1) Mela Colemin = T, Row = Cobumn = 3 @ heta Fow = F; Wets Colmen = T, Row = X Colemn = ¥

) Without coordinates

(Z) Customized (ie: ATfy.) RewiCal

Celumn

Row x Col by Blocks (MetaRow x MetaCol): |4 X |8 Row |8

_ Row x Col for each Block (Row x Col): |20 X 18 =
. How X Col 14 X790

[ <Ba. || wext> | [ canca {__ tem P

[y Import ArrayType

Array
ra‘k Select Location Type:

) MetaColMetaRow/Col Row
() Block/ColRow

) Row/Col

(@ Without coordinates

() Customized (ie: Affy.)

I Number Of Spots : [22645]

| <Ba... H Next > | ‘ Cancel || Help |

Figure 2-28: select location type for creating array type
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rows. Thisinformation can be found in the array typefile.
ArrayTrack accepts severa 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 total genes.
Caution: For some array type (e.g. Agilent), even the total number of genes is the same but if the
coordinatesis different (chip’s orientation is different), we consider it as a different array type.
Figure 2-29 shows the mapping between the columns of array type file and database fields. If the
array type file has several rows of headings, user can click the button “Manually select first datarow...” at
the top and then click the first row of data. Data columns already mapped will be highlighted in yellow and
their corresponding MicroarrayDB data fields will be marked with a®. Clicking on ® will undo a
previous column assignment. After mapping al the necessary columns, click “Import” button. Then user
will be asked to save the configuration file for future auto-loading and reference.

& Import ArrayType @

/

[Tul»

L1 Column

lumn description, select a table
column above and click the description button
to make the assignment

|
-

L Description button

_—1

-1 | Click Import

Mapping Armray Info From File to Database:

Field Separator

= | Manually select first data row...

Elock | Row | Column [[n] Marme
1 T T PFOZT 33T AIITATTIATE TeLEpor S UL Ralfate SUnGyRe g, |
1 1 2 AFD46886_1 3l receptor fyrosing kinase
1 1 3 M_053986_1 rmyasin i heawy chain myp-—= <L
1 1 4 M356E02_1 heta-fibrinogen
1 1 5 548142 _1 t-kininogenase For eaCh CO
1 1 4] M_030838_1 organic anion transpoadi
1 | 7 [M_053285_1 calpastatin probably rul
1 1 g LIE05SEZ_1 amelogenin
1 1 2] M25823_1 leukocyte-camrman antig
1 1 10 Mh_053655_1 dynarmin-like protein dip -

l’ hutton to make the assignment.
V4 Block I3 Assigned to Block (1)
Yy Col Assigned to Column (3)
7 Row Assigned to Row (2)
&”  Manufacture ID < Assigned to ID (4)
v Manufacture Descr Assigned to Name {5)
&  GeneBankicc Assigned to ID (4)
v Reference Sequence Assigned to ID {4)

[l
| < Back |q Import M(:ancel | | Help |

Figure 2-29: mapping array info from file to database fields
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Select an Option

E‘ Before start importing, do you want to save configration file for future auto-loading and reference

( | IesE ? No Cancel

Select an Option

E Commit to database?

(| ires é ?un Cancel

Annotate gene informati for this arraytype.... please

@ Inserting data...
| | ]

Cancel

Figure 2-30: save configuration file and finish creating array type

2. Createanew array typefor Affymetrix data

ArrayTrack Chip library stores most of the standard Affymetrix array types. If the array type for
your data does not exist in the Chip Library, then you need to create new array type for Affymetrix data. In
Figure 2-28, user must select “customized (ie: Affy.)”. Then apop up window will let the user to choose the
converter that will convert the .CEL fileto .TXT file, see Figure 2-31. For Affymetrix data,
“AffyLocConverter” should be selected.

L] Import ArrayType rz\
Specify Coordination Converter Name: rz]
--Select Converter-- | -
= = =
Affyl ocConverter
BlockLocComverter £
Aﬂ-ay MIAMEL ocComverter W AJ‘
Select Location Type: INCTR_MOUSESK1LocConverter |— r'ay
Tr a‘k NCTR_RAT4K1LocConverter Tr Select Location Type:
o MICEAE o Whet omirc o ::;::f::::;t[lfoccamener =]
) Block/ColRow — ) MetaCol MetaRow/Col Row
) Row(Cal  Block/Col Row
= ) Row/Col
& it mactiees >
® Customized (ie: Affy) (Z Without coordinates
® Customized : AffyLocConverter
Row x Col by Blocks (MetaRow x MetaCol): X |
Number Of Spots : (22665
Row x Col for each Block (Row x Col): X
| <Ba... | ‘ Next > | ‘ Cancel | | Help | ‘ <Ba... | | Next > | | Cancel | | Help |

Figure 2-31: Choose the Converter for creating Affymetrix array type and specify the total number of spots.

Same as creating array type for two channel data, user needs to map the Affy array typefile
columns to database fields. We suggest using the following table as reference when mapping.
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Affymetrix annotation CSV file

ArrayTrack chip fields

Probe Set ID GEN ID MFR
Strand Strand

Sart BP Start

End BP End

Target Description GEN DESCR MFR
Representative Public ID GENEBANKACC
IArchival UniGene Cluster

UniGene ID UNIGENEID
Genome Version

Alignments

Gene Title DESCRIPTION
Gene Symbol GENENAME
Chromosomal Location CHROMLOCATION
Unigene Cluster Type

Ensembl Ensembl

Entrez Gene LOCUSID
SwissProt SWISSPROT ACC NUMBER
EC

OMIM OMIM

RefSeq Protein 1D PROTEIN REFSEQ
RefSeq Transcript ID REFSEQ

Gene Ontology Biological Process

BIOLOGICAL_PROCESS

Gene Ontology Cellular Component

CELULAR_COMPONENT

Gene Ontology Molecular Function

IMOLECULAR FUNCTION

Pathway

PATHWAYS

Field Separator

@ | Manually select first data row...

] Import ArrayType @

Mapping Array Info From File to Database:

Frobe Set D | GeneChip Array | Seguence Type Species Scientific Mame | Annotation Date Seguence Source | Transcript ID{Aray Design) Target Description Representative Public
200000_s_at |HT Human Geno.. Exemplar seque... [Homo sapiens Mov 5, 2007 GenBank 05453983 ob:NM_006445.1 (DEF=Homo ... \Nh_006445 -
200001 _at HT Hurman Geno... [Exemplar seque... Homo sapiens MNov g, 2007 GenBank 04502564 gh:hM_001749.1 IDEF=Homo ... \NM_001749 =
200002_at HT Hurman Geno._ |Exemplar seque . |Homo sapiens MNov 5, 2007 GenBank 06005358 gh:hM_007208 1 [OEF=Horma . |MNM_007208
200003_s_at  |HT Human Geno...|Exemplar seque... Homo sapiens Mov 5, 2007 GenBank 4506625 ah:NM_000881.1 /DEF=Homo ... [MM_000991
200004_at HT Human Geno... [Exemplar seque... Homo sapiens Mov g, 2007 GenBank 04603538 gh:hM_001418.1 [DEF=Homo ... \Mh_001415
200005_at HT Huran Geno.. |[Exemplar seque . |Homo sapiens MNov 5, 2007 GenBank 04503522 \gh'NMJDSTES 1 IDEF=Homo __|MM_003753

nlnnnn it HT Hiurman Gan 1L M mign: Bl i GanBank afNNATA [eib-hiM_AATRA? 1 MEE=Harn, Pabd 00T 26 ‘ |:
1 Il ¥

For each column description below, select a table column above and click the description
button to make the assignment.
v Manufacture ID @ Assigned to Probe Set ID (1) =
v Manufacture Descr Assigned to Target Description (8) =
v GeneBankAcc ﬁ Assigned to Representative Public 1D {9)
Reference Sequence [
v GeneName ﬁ Assigned to Gene Symbol {15)
LocusID
v UnigenelD ﬁ Assigned to UniGene ID (11)
SwiissDrath, [ 10 SwissDrot (200 it
‘ < Ba... ‘ | Import | | Cancel | ‘ Help |

Figure 2-32: Mapping the array info from file to database.
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When finished mapping, click “Import” button in Figure 2-32 to start creating array type. If
everything goes well, user will see the following pop-up message.

Select an Option

@ Irnsertinu data... E Commit to database?

d Yes \IM No ‘ ‘ Cancel ‘

Annotate gene informations for this arraytype.... please be patient

Update GOFFA Statistic Info X

@ Update GOFFA statistic info on this arraytyp......
This background process will take a while, you can continually use other ArrayTrack functions
in the mean time. Please Keeps ArrayTrack open until ok-popup shows. If you want to use GOFFA
function on this arraytype, please reopen GOFFA library after this process is finished.

QD

Information

@ Affy_HG_U133B_is inserted for GOFFA

(e D

Figure 2-33: Array typeis created

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

3. Delete array type

Thisfunction is not available for on-line version (http://edkb.fda.gov/webstart/arraytrack/) of
ArrayTrack. Users with locally-installed ArrayTrack or within FDA firewall can delete array type.

To delete an array type, first user hasto delete all the data associated with this array type then click
Database pull-down menu, select “ Array Type Modification” -> “Delete an Array Type”.
Datahase | Library Tool Export Help

%% Create a New Experiment :

455 Batch Import an Experiment ~E

Array Type Modification ¥ 35 create a New Array Type
BEEATA

CAD #%= Update an Array Type
CORHTRAIMING
CHUNYU_LIU_UCHICAGD | SRS Update Affy Array Type

T
g DARASAPPAN
T
T

[
[
[
[
o & DEMO M Delete an Array Type
L :

e T T —
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Figure 2-34: delete array type

Delete Array Type

? Select arrayType to delete:

Human_2ch_prostatecancer
llumina_Human-6
lllumina_Human-6_V2_48701
lllumina_HumanRef-8
lllumina_Mouse_1ch_46657_LS

lllumina_Mouse_46147
[«(] ll | IC

[4]

OK Cancel

Figure 2-35: select the array type to delete

User needs to select the array type to be deleted, and click “OK™ button.
4. Update array type
Thisfunction is not available for on-line version (http://edkb.fda.gov/webstart/arraytrack/) of
ArrayTrack. Userswith locally-installed ArrayTrack or within FDA firewall can update array type.
To update an array type, user can click “Database” pull-down menu, select “Array Type
Modification”-> “Update an Array Type”.
E:i Arraylrack - FDA Network

Database | Library Tool Export Help

%% Create a New Experiment :

%5 Batch Import an Experiment -

Array Type Modification b g:% Create a New Array Type
EEATA

o CAO 4% Update an Array Type
o § CORHTRAINING

o f§ CHUNYU_LIU_UCHICAGO | g Undate Afly Array Type
71

i )

DARASAPPAMN
CEMD [T[T]] Delete an Array Type

Figure 2-36: Update an array type

Input [‘5—(|

] Passworid:

OK Cancel

Figure 2-37: type in password to update array type

Users will be asked for password to update array type. The password is the user’ s username
to login his computer. Click OK button.
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G Update ArrayType |z

Please Fill Out ArrayType Information:

If you hawve configuration file, load it to auto fill. Open Configuration

Array Type File: |[yTypeExampleiNCTR_MAWG_Rat 10K b

NCTR_MWG_Mouse 20K
NCTR_MWG_Rat 10K
NCTR_MWG_Rat10K_Demo
Array Type Name: NCTR_MWG_Rat_10K_48pin
MNCTR_RAT4K 1
NCTR_RAT4K 2

1] I [

Manufacture Name: |MWG | - |

Array Reporter Type: ® Oligonucleotide (sequence) (' cDNA array

cr Is: ' one cl | & two ct

Category: ' Human (' Mouse @® Rat (_ Others

| < Ba... H Next > | | Cancel || Help |

Figure 2-38: fill out array type information to update array type

In Figure 2-38, user first clicks “Browse” button to load the array type file and then selects the
array type name from the pull-down list. Click “Next” button.

] Update Arraylype

&

my Select Location Type:

) MetaCol MetaRow/Col/Row
(@ Block/ColRow
) RowiCol

) Without coordinates
{_) Customized (ie: Affy.)

Row x Col by Blocks (MetaRow x MetaCol): X

Row x Col for each Block (Row x Col): X

‘ < Ba... || Next > | | Cancel || Help |

Figure 2-39: select location type
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Figure 2-39 shows the spot layout for this array type. All the numbers are grayed out which means
user can not change the gene spot layout. Users can only update annotation information, e.g. add more
columns to the array type file and map them to other fields.

Figure 2-29 shows the original mapping for this array type. To update this array type, users only
need to map the additional info, keeping all the other original mapping untouched. For example, column
“Name” was mapped to “Manufacture Descr” before and now users can perform an update and map column
“Name” to other field like “Description”. The result is that the column “Name” will be mapped to two
fields: “Manufacture Descr” and “Description”. It is very important to assign “Block”, “Col” and “Row”
when doing mapping, because they define the spot |ocation. See Figure 2-40. Click “Import” button.

% Update ArrayType 3 £ Update ArrayType X

Mapping Array Info From File to Database: Mapping Array Info From File to Datahase:

Field Separator

Field Separator

= | Manually select first data row... | = ‘ Manually select first data row...
Black | Row | Column D Name Block | Roe | Colurmn D e
1 1 1 AFDZ7IH 1 glutamate receptor subunit kainate subtype . = 1 1 1 AF027331_1 glutamate receptor subunit kainate subtype .|«
1 1 2 AF04EBRE 1 2l re;eptomrosme kinase = 1 1 2 AF046886_1 axl receptor tyrosine kinase =
1 1 3 WM_053886_1 myosin i heawy chain myrt ; ib myo b LN B I 3 N_053336_1 rrwasin | heavy chain myrt; ib myoth B
4] i [1¥] [l il [1¥]
For each column description below, select a table column above and click the description For each column description below, select a table column above and click the description
button to make the assignment. button to make the assignment.
" Block T Al (o] | [ manuacwre vesc o ]
L GeneBankAcc [%]
v Col Assigned to Column (3) = =] L
1 Reference Sequence %
(v Row Assigned to Row (2) < ] =
GeneName [%! L
Manufacture ID
LocusID [%]
Manufacture Descr
UnigenelD %]
GeneBankAcc g
SwissProtAcc
Reference Sequence
= < | & Description Assigned to Name (5) =
‘ <Ba... | ‘ Import | | Cancel | ‘ Help | | <Ba... | ‘ Import | ‘ Cancel ‘ | Help ‘

Figure 2-40: update array type

2.4 Data Sharing and Security Protection

The owner of the experiment can assign Read/Write/Normalize/Create Genelists/Manage
Permission privileges to individuals by clicking on i EdtPrivieges (yf Input Form to share the experiment
data with others (Figure 2-41). The following is the explanation of these privileges:

1. Read - Users assigned this privilege can view, copy/paste or export the dataset. They can also
perform analyses on the dataset.

2. Create Gendlists - users assigned this privilege, in addition to viewing, copying/pasting,
exporting and performing analyses, can also create and save gene lists within the
experiment.

3. Normalize - users assigned this privilege have the ability to normalize the data in addition to
viewing, copying/pasting, exporting and performing analyses on it.

4. Write - users assigned this privilege can do all the above (1~3) and in addition, can make changes
to the experiment and can delete the experiment if need be. Also the user can import additional data
under the experiment.

5. Manage Permissions - users holding this privilege for an experiment can grant and revoke
data permissions from other users for that particular experiment. However, this user does
not implicitly have the permissions mentioned above.

The owner of an experiment, when importing array data, will be given privileges to write and

manage permissions.
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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)

&‘j Privileges on YAUK's AcademicNIA_E-MEXP-107 [FQIAN]

AddUser | | |
Lser Fead itite MHormalize Create Genelists hanage Permissions
AL O] ] O Cl L] -
AANDREWS v [] [ ] v [] |=|
ABATES [] [ [] L] L]
ABGDARASAPFAN [ L] L] L] L]
ABRAHAMS ] ] [] [] [] |
ABYERS [] [] [] [] [] hd

Figure 2-41: Assigning Read/Write privileges to individuals.

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
2-41.

2.5 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 2-42. 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:

MicroarrayDB (Egi Catabase Cantents)

Owner ('i‘)
Experiment (CJ)

Hybridization (m: two-color array; ﬁ: filter array; B8 Genechi p® array)
Significant Gene List &
Raw gene expression array data (EH)

Normalized gene expression array data (lﬁl, if available)

£5] Datanass contents
o ANONYMOUS
¢ [ Affy_Rat_MASS_only
9 [ Gene Lists

WE 12308ne_Welth_F1 5F0 05
MZ 128gene_simpleT_F1 5_P0 .05
W2 1340ene_Perrnutat F1.5 PO.OS
M2 219mutiGraupsAnova
MZ KEGGFO.01_31gene

Mz SAM113FDRO.0SF1.5
Mz Topic 1. 123genemASs_Foldl 5_PO.08
¢ W8 DO_T12_B_a DO_T12_B[Rintin]
¢ BB MAS5{D0_T12_B_a}

[T MeanMedian Sealing, ifs=N,t=1000.0,5=Median, sh=Y {D0_T12_B_a}
o | DO_T12_E_h DO_T12_B(Biotin]

Figure 2-42: Hierarchical Structure of the MicroarrayDB Contents.

Exploring Database Contents: The tree-like Database Contents structure allows the user to
select and/or open a particular user ('i"), experiment (ﬁ), or hybridization (m,ﬁ, or H) by toggling on
the lock (@) unlock (¥) signs. The content structure can also be manipulated by right-click on a particular
item (Figure 2-43). 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
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various operations that depend on the level of the tree structure, asillustrated in Figure 2-43. 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:
Show samples on hybridizations appends sample names to the hybridization name
that are colored green or red corresponding to Cy3 and Cy5, respectively;

Show hybname on dataset appends the hybridization name to the dataset names.
Show samples on datasets appends sample names to the dataset names that are
colored green or red corresponding to Cy3 and Cy5, respectively;
Show original data filename on raw datasets appends the name of the origina raw
datafile to the beginning of the raw data; and,
Show label names appends sample label names (e.g., Cy3 and Cy5) to the al levels of
the tree that are colored green or red corresponding to Cy3 and Cy5, respectively.

For 1, 2 and 3 above, green and red applies only to two-channel systems using Cy3 and
Cys5 labels. For single channel systems, the sample name will be colored blue.

1)

2)
3)

4)
5)

6)

A: Experiment level

o P D0_T12 B_aD0_T12_E
o | DO_T12_B_bDO_T12_E
o 8 D0_T12_C_aD0_T12_Q
o | D0_T12_C_hDO_T12_G

g Database Contents
¢ ANORYMOUS

o po_T12_D_aDo_Tiz_O
o Do_T12_D_hDo_Ti12_O

o [ Affy_Rat_MASS o

¢ [ Gene Lists
MEZ 123gene_|
Mz 128gene |
Mz 134gene

Batch Import Data
Batch Import Data - SimpleTox
Rename

L2 (7] Show sampks names on hyridizations
¥ Show hybeidization namas on datasels.

| Show samples on datasels

Analysis Result Files Show ovigrsal tata Ferame on

ME 219multic
MZ SAmM113F
ME Tapic1:1

« | D0_T12_E_a

Gene Lists } Display

= Order

B: Hybridization level

Import data
Rename
Expand completely

Collapse completely

Tree options...

Select datasets ¥ Import

Ovdes oy

Show experiment design
Show dye-flip pairs

Export
Delete

ents

v B ot 2501
o [[I| FawiDruni
v B ot _250_2 50

SO513 50513 | refe
250_1_80513 50
514 50514

.e " 1lll View data setis) as wide spreadsheet . datasets side by side
sl Export 3
cree | #F Seatter plots for data

23| rele g Mixed scatterplot

- ||| raw iDrugl_250_2_ 80514
+ Ml Drugl_250_3_S0523 50523
e B8 Fam (Drug _250_3_8)

o [l orugt_z50_4_s0s o |8 MA plots for data
. ) 2 . . Virtual array images for data

o B o

o [ D s 3 05 B nctual array images for data <<Dav. Oniy>>

o B oot s " Fank intensity plots for data

1l BarChart
Create gane NSt by data TReqig...

5 C: Dataset level

Duplicate data sels

@ Library
sl for pasting elsewhes e

%, ID Convener
8 Gene Lirary
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Figure 2-43. 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.
Upon right-clicking on an Experiment, in addition to Expand completely and Collapse completely the
tree, the user can choose severa other options (Figure 2-43A).
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).
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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).

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 possible flip-dye hybridization pairs automatically detects al 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 2-44 left). Hybridizations without matched
flip-dye pairing will be displayed in a separate spreadsheet (Figure 2-44 right). This function is based on the
sample and hybridization information entered in the Input Form (Figure 2-3). Thus, it isimportant 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).

B3 rossivle Fiin-Dye Pairs 7700 0 e B

Edit View Inputioutput

&G ouery| @

[ S | & HYBNAME|HYBMAME| label | label | sample | sample |

S Filter> 1~ E Hyhridizations Without Flip-Dve Matche:

1 K01-C Koz-¢ Cy3 Cya Control Liver 8 Univergal Mouse RNA -

2 KDg-v KOFY  |Gy3  |CyS  ValproicLiver4  |Universal Mouse RNA Edit View InputiOutput

g Ko8-C KDO-C |Cy3  |CyS  |ConlrolLiver12 | Univer &

4 K10 KI1  |oy3  Cys  |Valproic Liver8 |Universal Mouse V4 Query @
K120 KI3-C_ |Cy3  |Cy5 |Conlrol Liver 14 |Universal Mouse RNA
K14y KIsW  |cy3 oy \ialproic Liver 15 | Uniiversal Mouse RNA 457 | HyEnAME| label1 [sample 1] label 2 [sample 2]
K16-C KI7-C |oy3  (oys  ControlLiver?  |Universal Mouse RNA 7 Filter> ~|

&l Kig-y K18 Cy3 Cya Walproic Liver 1 Universal Mouse RNA

ol K22y K23 Cy3 Cyd Walproic Liver V1 |Universal Mouse RKA

10 K240 K25-C_ |oy3  |Cy5 ool Liver1 |Universal Mouse RNA |

= -

4] o Ed < [*]

Figure 2-44: 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-clicking on a Hybridization will bring up the Input Form
with information about the Experiment and the Hybridization shown.

Right-click on a Hybridization alows the user to Rename hybridization and Import data in
addition to Expand completely and Collapse completely (Figure 2-43B). As is mentioned in Data
Import part of this Chapter, thisis 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 2-43C). Instructions for use of these functions are discussed in Chapters 4 through 8.
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Chapter 3 Gene List

3.1 Overview

Genelist is an important concept in ArrayTrack. It can be operated independently. User can
get gene list from quality control filtering, data analysis and function analysis. Further analysis and
VennDiagram can be performed on gene list as well. ArrayTrack allows the user to Create, Import,
Export, Delete and Display alist of genes associated with this Experiment. Double-clicking any Gene
List will bring up the gene list displayed in a spreadsheet, see Figure 3-1.

@ Database Contents
M ANONTMOUS
¢ [C3 Affy_Rat_MASS_only
¢ ] Gene Lists

MZ 122gene_‘Welch_PO.05F1.8
Mz 128gene_simpleT_F1.5_P0.05
MZ 1340ene_Permutat_F1.5_P0.05
MZ 29multiGroupsAnayva
MZ SAM113FDRO.05F1.5
M= Topic 1: 123geneMASS_Fold1 5_P0.05

Figure 3-1: Double-click the Gene lists for display
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3 123pene_\Welch_PO.0SF1.5 G50 DE7336 Elmh 287552 |ATASLT 05661 |0.0001 DE7336_0

4 [1 23gene_Welch_PO0SF1.5 |GS0 HNT3RS Gl 24404 |PO4N4T i QRPOWE NA872 00001 HNT3R5_s

5 123gene_tWelch_PO.pSEL & leen ENn?Te LR 24795 |POO18S i QBOUEZ 02501 |0.0002 E00778ed

6 123pene_welch_PO. @ Copy selected rows to clipboard 1 |POETEZ B2489 00002  |J02722cdg
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& 123pene_Welch_PN Library 5 [ chip Library 140076 00003 | AAR4BSREZ]

o 123gene_tWelch_PO. i 75353 |0.0004  |FFS028_s)

10 123pene_welch_PO. o e 5 GeneLibrary 12.8328 |0.0004 ro_AAS186

11 123gene_YWelch_PO. @ Mark selected spots in open viewers m Protein Library AECSEO i e nEgsE  |0.0005 UD1344 g

12 123gene_\Welch_PO. GeneList Notes Pathway Library ¥ | KEGG 286 |0.0006 | AA108277)

13 123gene_‘Welch_P0.05F1.5 |650 M39169 Rpshkal g17| = GOFFA Library W Path Art 41 0.0006 M39169_a

14 123gene_Welch_P0.05F1.5 |650 Al229655 Ctd=p1 363 (%) Orthologene Library H Ingenuity i) 0.0o007 rc_AIEEQG‘:
< M ! > GeneGo MetaCore [] ]|

rd

Figure 3-2: Display of Significant Gene List information associated with an experiment

Users can open, or export gene lists. But to create, delete, rename, copy or move a gene list the user
needs to be granted the privilege of creating gene list or he must be the owner of the experiment.

3.2 Create Gene List

The user can create a gene list from the result of T-test (see page 93) or by right-clicking the
selected dataset and selecting “ Create Gene List by datafiltering...”.
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Figure 3-3: Create significant gene list from selected dataset

Create Gene List

»

User can set the criteria (like flag,
intensity value) to create a gene
list, e.g find out all the genes which
intensity is greater than 3.0 in at
least 6 out of 12 hybridizations.

Place

Place in Gene List Group (optional):

ities: Require at Least |5 ofthe 12 [>= [+]| [a0 |
Flags: Require at Least 3] ofthe 12 inlist P,

Resulting Gene List Name: |Tesﬂ |

[¢] Auto-append filters vto name

Affy_Rat_all_NORM_New | = |

into Experiment:

X

Figure 3-4: Set the criteriafor the significant gene list

In

Figure 3-4, the user can filter out low intensity value by setting the criteria, and has the option to
place the gene list under any existing experiments. Click OK button then the significant gene list will be

created and can be viewed from the Significant Gene List folder. See Figure 3-1.

3.3 Display Gene List

Double-clicking the name of a Gene List M2 will bring out the spreadsheet displaying the gene list.
Another way to bring out gene list is right-clicking the experiment-> choosing Gene List-> choosing
Display, then a pop-up window will show up and list all the gene lists under the experiment. The user can
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choose the gene list to display, see Figure 3-5. If the user selects all the gene lists to display, then the
multiple lists will be shown in one spreadsheet.

@ Database Contents

o ANONYMOUS
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Figure 3-5: sdlect Significant Gene List to display
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Figure 3-6: The genelist is opened in a spreadsheet
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In Figure 3-6 there are some buttons at the top for further information associated with selected
genes, e.g. KEGG, PathArt, GeneGo MetaCore, etc. If user selects “KEGG”, the following pop-up window
will show up. Click “Yes’ button to see the pathway for the selected genes.

@ No records are selected, Do you want to select All records on this table?

Yes No Cancel

Figure 3-7: from genelist to KEGG

KEGG Pathway(rno) FEX

Save

Gene nameilocusiD) hiap Category Fisher P Walue
-} Dusp6(116663)
-} Dusp7(300980)
4 Hspa1a(24472)
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-} Mapkapk3(315994)
-} Nfkh1(81736)

L) Nras(24605) MAP K signaling pathwwayirno0401 .. |Regulatory pathway 0.ooooz4zy
-} Rps6ka1(81771)
-} Taok1(286993)
-} Tgfh3(25717)

- Tgfbr2(81810)
-} Tnfrsf1a(25625)
-l Trp53(24842)

| »

-} Bcl211(24888)
-l Cend1(58919)
-} Mapk9(50658)
- Nfkh1(81736)
Ll Tgfh3(26717) Fancreatic cancermaols21) Regulatory pathway 000004327
- Tafbr2(81810)
-l Trp53(24842)
- Vegfa(83785)

-} Bcl211(24888)
-l Cend1(58919)
-} Nfkb1(81736)
-} Nfkhia(25493)
-l Nras(24605) Chranic rmyeloid leukemiafmo0s... |Regulatory pathueay 00000717

) Tafb3(25717)
) Tgfbr2(81810)

Input genes =121, 65 genes found, 56 notfound, Total 87 pathway maps.

Figure 3-8: KEGG pathway for the selected gene list

The user can open multiple gene listsindividually and combine the lists to get common gene lists.
For example, if the user wantsto combinelist A and list B, (Figure 3-9) he can open the two lists first
separately and then highlight therecord 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 can select LocuslD, or GeneName or other 1D
depending on the column contents in the gene lists. See Figure 3-10.

1]
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5] SIGNIFICANT_GENELIST i i s oo’ @ B ) sIGNIFICANT_GENELIST

Input/Output  Library GeneList Input/Output  Library GeneList

[ chip Lib H £ Genes | [ Proteins | i Pathways ”v| “ | GOFFA || Ll @ [ chip Lib || £ Genes H B3 Proteins ” %2 Pathways ‘H “ | GOFFA ” T) Ortholo,
&7 | GEMELIST_NAME * EXPID* [GEMEBANKACC]  GENEMAME [ GENELIST NAME™ EXPID * | GENEBANKACC GENEMNAME LO

N7 Filter-> | 57 Filter= [~

1 123gene_Welch_PO.O5F1.5  |B50 L15073 Abchd = 128gene_simpleT_F1.5_P0. 650 L1079 Abchd 24i=

2 123gene_Welch_FO.05F1.5 650 L26267 (i3] z 128gene_simpleT_F1.5_P0.| 650 L2B367 Nfkh1 217 |

& 123gene_Welch_POOSF1.5  |650 DE7336 Blmh & 128gene_simpleT_F1.5_F0. 650 DE7336 Bimh_predicied 23

4 123gene_Welch_PO.OSF1.5  |B50 %07 365 Gt a 128gene_simpleT_F1.5_P0. 650 HO7365 Gpxl 24

5 123gene_Welch_P0.05F1.5 |BS0 EN0778 Cyplal 5 128gene_simpleT_F1.5_P0 650 M55534 Cryab 25

) 123gene_Welch_P0.05F1.5 |B50 J02722 Hrnox1 & 128gene_simpleT_F1.5_P0 650 AlZ29655 Ctdsp1_predicted 36

7 123gene_Welch_P0.05F1.5  |B50 M55534 Cryah T \12899ne_5\mp|eT_F1 a_F0.|650 EDD77E Cyplal 24

3 123gene_WWelch_PD.0OSE1.5  |BS0 ANB4BEES Hspala /i Hspal| flg 128gene_gjrglaT_F1.5_P0 550 AM108277 Hsp105_ 28

o 123gene_teichSh.08M s |es0  |zes0z0 Hspalb a 12%&_ E_H.S_PD G50 J02722 Hrnoxd 4

10 123gene_Welch_PO.05F1.5 650 AASTEEDS HspalalliHspal 10 128gene_simpleT_F1.5_P0. B50 AAD48583 Hspalali Hspalh

1" 123gene_Welch_FO.05F1.5 650 01344 Mat1 11 128gene_simpleT_F1.5_P0.| G650 AAB18604 HszpaialiHspalh

12 123gene_Welch_PO.OSF1.5 |50 AA108277 Hsphi 12 128gene_simpleT_F1.5_P0. 650 AAGEET1 4 LOC298317 29

= 123gene_Welch_P0.05F1.5 650 M3g169 RpsBkal 13 128gene_simpleT_F1.5_P0.|650 EOO71T Cypial 24

2 123gene_Welch_POOSF1.5  |BS0 Al228655 Ctdspl o |3 1280ene_simpleT_F1.5_F0. 650 Z75029 Hspala 28

< il ] D ] il I |
[¥] ¥

Figure 3-9: combine two lists to get common gene list
X

Figure 3-10: choose the column SPOTID for mapping two lists
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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

’_L

the table. The user can also add annotations to the gene lists by clicking [S-cenetisthates| yndler GenelList pull-
down menu and then typing in the explanation. Bar Chart (Chapter 6) can be accessed by right-licking on
selected gene records.
If the gene list has only gene bank accession number, but the user needs to get other ID (e.g.
LocuslD, etc) to link to KEGG, he can click GeneList pull-down menu and choose ‘ Sig. gene complete
annotation’ to re-display the gene list with other kind of 1Ds. Just be aware that thiswill take awhileif the
gene list isvery big (>10000).
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NP Filter» =
1 123gene_Welch_PO.05F1.5  |B50 J027232 Hrmoxt 24451 FOGTEZ

2 123gene_Welch_P0.05F1.5  |B50 EQ077E Cyptal 24206 |PO0185# QBOUE2

3 123gene_Welch_PO.0OSF1.5  |B50 55534 Cryah 254320 P238280 Q63136 /7 Q63137 [if Q63138 =
4 123gene_\Welch_P0.05F1.5  |650 ARG48563 HspalafifHspalh |24472  |G07439/F QELASS

S 123gene_Yelch_PO.0SF1.5  |650 ARB18604 HspalafifHspalh 24472 Q07439 [ QBLAYS

5 123gene_Wvelch_PO.05F1.5 |650 AM0B27T Hsph1 288444 | QBEHAR i
7 123gene_\Welch_P0.05F1.5  |650 Al229655 Ctspi 363249 | G3BEP1 -

4]

[z]lv]

Figure 3-11: The combined gene list result
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Figure 3-11 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 origina Fold (when O< fold <1, it will be — 1/Fold) in Ingenuity
analysisresults.

Fold converting option §|

? | @ log2(FOLD)
) -1/FOLD (when FOLD < 1)

0K Cancel

Figure 3-12: Fold converting options

See VennDiagram in page 135 for an easier way to obtain common gene list.

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. Thisfunction is very
helpful for finding the common genes across different experiment.

3.4 Import Gene List

In Figure 3-5 the user can right-click an experiment name and choose Gene List ->Import to import
agene list under the experiment, if he is the owner of the experiment or assigned privilege of creating gene
ilst. The text file for Import can be loaded (Figure 3-13) and the data columns in the text file can be mapped
to ArrayTrack database fields. The process of importing Gene List is quite similar to that of importing new
array type (Figure 2-29).

Eﬁ Datahase Contents (2 Chooss GansList File for imperting
¢ ® ANCONYMOUS e
9 T Affy_Rat_MARE ank e
¢ [ Gene Lis| Batchlimport & Moot
o [JGE | Rename B s o e
. 1) vis SaM plot s
Mz 1230 Gene Lists b Display | [Dveasstconpmeisios _
HZ 132¢ Select datasets ¥ Import % oI _ n— -
— Flle Mo VP significant gene st
MZ 4905 Show experiment design | Export Fuos of ype: | An s =
o 8 00_T12] ghow dye-flip pairs Delete oo | [camw
- _ . . I —

Figure 3-13: Loading atext file with information about Gene List associated with an Experiment.

Figure 3-14: Mapping Significant Gene List information to ArrayTrack database fields.
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3.5 Export Gene List
By right-clicking the gene list->export.

3.6 Delete Gene List
By right-clicking the gene list->del ete.

The significant gene list can also be moved to another folder, moved out folder, or copied to paste

elsewhere. See Figure 3-15.

E} Database Contents
¢ ANONYMOUS
¢ [T Affy_Rat_MASS_only
9 [ Gene Lists

Mz 128gene_simpleT_F1.5
MZ 1340ene_Permutat_F1.
ME 21 9multiGroupshnoya
MZ SAM113FDRO.0AF1.5

Mz 123gene_Welch_P0.0SF1A

Open
Export
Rename
Delete

M= Stat Test
Mz Topic 1;123geneMass ]
o W™ D0_T12_B_aD0_T12_E[Ei

Move To (Mew) Folder
Mowve Out Folder
Copy Genelist For Pasting Elsewhere

Figure 3-15: Move significant gene list to other location
To perform the above job on gene list, the user has to be the owner of the experiment or assigned

the privilege of creating gene lists.
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Chapter 4 Working with Libraries

4.1 Overview

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 Library panel (Figure 4-1) 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, alowing the user to drill-down to more detailed and related
biological information. For example, the gene library can be searched for alist 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. Thistool will be very helpful for library searching.

@ Library Database |Library | Tool Export Helg
. 1D Converter = @ 4 £ Gene Library
£ Gene Library % B Pathway Library
B2 Pathway Library E:j Datab: 88 protein Library
B3 Protein Likrary = B ANC il 1P Library
. o @ FDA
ipi IPI Library _ o % rep ) Orthologene Library
:G: Drthnlugn.ane Libirary o~ 'F Fald | GOFFA Library
= | GOFFA Library & oA L
o T 5. Al 8 Chip Library
I8 Chip Library o HAN i ;
B8 Toxicant Library o HOR 5% Toxicant Library
\EE EDKE Library ¢ ¢ 80| {F EDKB Library

Figure 4-1: 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 achemical’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 isthe search form; and 2) the right panel is for displaying search results (Figure
4-2). 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 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.
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(1) specity 1D Type: | e .6 ways ‘L | B proteins | (%) Orthologene | = corra || 7 chip Lib
wosaBadies & | Customize ram6| Expon@ More |m@ |select one - |v‘ Link To gelem one |v‘ | L_'?jHeIp@ |
£ UnigenelD Jer | GENENAME DESCRIFTION SPECIES CHROMLOCATIC |
ST Filter> |-
 LocusiD 1 AIBG alpha-1-B ghcaprotein Rattus norvegicus |19013.4 =
) SwissProtAce 2 AZM alpha-2-macroglobulin Rattus norvegicus [12p13.3-p12.3
3 AZNP alpha-2-rmacroglobulin pseudogens Rattus norvegicus |12p13.3-p12.3
) IMAGEID i Ab atrophia areata, peripapillary chorioretinal degeneration Rattus norvegicus [11p15
5 MAT1 M-acetylransferase 1 (arylaminge N-acetyltransierase) Rattus norvegicus |8p23.1-p21.3
) GEM_ID_MFR =] MATZ M-acetvltransferase 2 {ardamine N-acetyltransferase) Rattus norvegicus [8p22
7 AACF andamide acetylage pseudogens Rattus norvegicus |8p22
) GeneName 2 SERPINAZ | serpin peptidase inhibitor, clade A (alpha-1 antiproteinase, antitrvpsing, rmi Rattus norvegicus |14g32.1
Bl CMm Clfn ¢l AADAC andacetarnide deacetylase (esterase) Rattus norvegicus |3g21.3-925.2
'_ - 10 AAMP angio-associated, migratory cell protein Rattus norvegicus 2935
|® Erter Searching Data: 11 AANAT arylalkylaming M-acetyltransferase Rattus norvegicus |17g25
= 12 AARS alanyl-RMNA synthetase Rattus norvegicus (16022 /o
— 2 AAVET adeno-associated virug integration site 1 Rattus norvegicus | 190131901 3-gter —
i ABAT 4-aminohutyrate aminotransferase Rattus norvegicus [16p13.2
15 ABCAT ATP-hinding cassette, sub-family A (ABC 1), mamber 1 Raltus norvegicwe-9a3l 1
__|j18e ABCAZ ATP-hinding cassette, sub-family A (ABC1)Y, member 2 Aorvedicus |94
] |E ABCAZ ATP-hinding cassette, sub-family A (ABC1), mermber 3 Rattus norvegicus |16p13.3
Search | Rl ABCBT ATP-hinding cassette, sub-family B (MDRITAPY, member 7 Rattus nomegicus [Xgl12-g13
13 ABCF1 ATP-hinding cassette, sub-family F (GCH20), member 1 Rattus norvegicus |6p21.33
Library Messages - . 20 ABCAL ATP-hinding cass?ﬂe, sub-far.ﬂinA(ABCU‘ member 4 Rattus nur\reg?cus 1p22.1-p21
e ABLA v-abl Abelson murine leukemia viral oncogene hormolog 1 Rattus norvegicus |9g34.1
:_ 22 ABP1 amiloride binding protein 1 (amine oxidase (copper-containing)) Rattus nomegicus |7934-936
i3 ABLZ v-abl Abelson rmurine leukemia viral oncogene homolog 2 (arg, Abelson-ri Rattus norvegicus |1924-025
24 ABO ABO hlood group dfransferase A, alpha 1-3-N-acetylgalactosaminyltransfer Rattus norvegicus (9934 .1-034.2
‘lzs ABR active BCR-related gene Rattus norvegicus |17p13.3
26 ACAN acetyl- Coenzyme A acyltransferase 1 {peroxisomal 3-oxoacyl-Coenzyme A Rattus norvegicus |3p23-p22
-5 ACACA acetyl-Coenzyme A carboxylase alpha Rattus norvegicus | 17521
28 ACACE acetyl- Coenzyme A carbowlase beta Rattus noregicus (1224 11
‘28 ACADL acyl-Coenzyme A dehydronenase, long chain Rattus norvegicus |2g34-935
B <l ACADM aryl-Cnpnrrne A dehvdronenase C-4 tn G-17 strainht chain Raftus nomenicns 1031 st
—{[romen] ] il [»]

Figure 4-2: Gene Search panel displays the number of recordsin Gene Library.

4.2 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 4-2,
109,483 records are present in the table. 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 4-2).

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 7 Fiter= sign. After the filters have been entered, clicking the search icon %
(or pressing the Enter key) will display all the records meeting the filter criteria. In the example shown in
Figure 4-3, the user entered a histone deacetylase filter under gene DESCRIPTION and a homo filter
under SPECIES. As aresult, 12 records met these search criteria 12 human (Homo sapien) genes are
(related to) histone deacetylases (HDACS). It is clear from the PATHWAY and ONTOLOGY columns that
the biological functions of HDACs are mainly cell cycle-related.

It isimportant to note that by default all the filters are operating in alogic “AND” manner, i.e., only
those records that meet *all* the filter criteriawill be displayed.

More sophisticated queries can be entered. For example, the user can add additional Filters by
clicking on 252 and the entered search criteria can be combined in complicated logic operations as
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illustrated by example in Figure 4-3. Newly inserted filtering rows can be deleted by selecting it, right-
clicking on them and then choosing “remove this filter row”.

| g2 pathways | ~| | B8 Proteins | (%) orthologene | | Gorra | [ chip Lin
& | Customize Table | Export | More Info ... : Link To ... |Selet:1 one - |v| | [Z) Help
GEMEMNAME DESCRIPTION SPECIES | CHROMLOCATION LOCUSID BIOL
S Filter-= =
AND_ |~ =
AND [
OR [% IWEBG alpha-1-B glycoprotein Rattus nomvegicus [19g13.4 1 hiological process unknown{)
HAND 3 B2 alpha-2-macroglobulin Rattus norvegicus |12p13.3-p12.3 2 intracellular protein transport
AND( “lrzmP alpha-2-macroglobulin pseudogene  |Rattus norvegicus [13p13.3-p12.3 3
AND{ (AR atrophia areata, peripapillary chorioreti| Rattus norvegicus [11p15 ]
AND...) | MAT1 M-acetyltransferase 1 {(arylamine N-acg Rattus norvegicus [8p23.1-p21.3 2] metabolism(G0:0008152)
]ODR: —MATZ MN-acetyltransterase 2 (arylamine N-ace Rattus norvegicus (822 10 metabolismiG0:00081 52
Tlanro Amslaraidn arahdann meandanane Dt mewanmicne 0677 14

Figure 4-3: Use of acombination of filtersto find out interesting genes.

457 add new filter row

remove this filter [%w
Library

Il Bar Chart
Customize Tahle
Export

»

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

then pressing % . Note that the sorting is performed in away that is consistent with the inherent definition
of the data type of the column field. For example, GENENAME is searched by ASCII order (Figure 4-4A),
whereas LOCUSID is searched by numerical order (Figure 4-4B). An additional sorting column can be

added to a previously sorted table.
A % Pathways | ~| | B Proteins | (%) Orthologene | = | GoFFa || [ chip Lib B

@ Customize Table @ ‘ | Customize Table | Export | More Info ... |Selec‘t ohe - |v | Link To ... |Selec‘t one - ‘V|
= o~ 5‘ CLRERGTE 457 | GENENAME DESCRIPTION SPECIES | cHRomLOCATIoN] = LocusiD
= 81 SF Filter->
- 2P18S 1 ARG alpha-1-E ghycoprotein Rattus norvegicus |19g13.4 1 higlogical proce
[—— IP1ET z A2 alpha-2-macroglobulin Ratius norvegicus [12p13.3-p12.3 2 intracellular prof
2265 3 3 AZMP alpha-2-macroglobulin pseudog Rattus norvegicus |12p13.3-p12.3 3
2265 a7 4 AR atrophia areata, peripapillary chiRattus norvenicus [11p15 8
2867 a4 5 AT M-acetdtransferase 1 {arylaming Rattus norvegicus |8p23.1-p21.3 9 metabolism{Go
] h11 =] MAT2 M-acetdtransferase 2 {arylaming Rattus norvegicus |8p22 10 metabolism{Go
36860 i G ARCP arylamide acetylase pseudogen Rattus norvegicus [8p22 11
3870 33 = SERFINAZ serpin peptidase inhibitor, clade Rattus norvegicus 149321 12 acute-phase res
3871 A0 MMHAPTEFLF 4 a AADAC arflacetamide deacetylase (este Rattus norvenicus [3g21.3-g25.2 13 metabolismiGo
3872 401095p6 10 AAMP angio-associated, migratory cell| Rattus norvegicus | 2935 14 cell motility(G 00
3873 40J4 11 AANAT arylalkylamine M-acetyltransfera) Rattus norvegicus 17925 15 circadian riwthrr

Figure 4-4: 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.

Sear ching Functional Information for a List of Genes

Box @ as shown in Figure 4-2:

There are three simple steps to find functional information for alist of genes using the functionsin

1. Select a gene IDs (e.g. GenBank accession number, UniGene ID, LocuslD, Swiss-Prot accession
number, manufacturer’s gene ID, and gene symbol) that matches the ID of the genellist.
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 “ ", <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 [Elear 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
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conducted within the domain of the results from a previous search by checking the within result
option next to the Search button.
Figure 4-5 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

(1) specity ID Type: .| % Pathways |~ | B Proteins | (%) Orthologene | * | GoFFA | [ Chip Lib

@ Canflankhcr @ | Customize Table | Export | More Info ... ‘Selen one - |V| LinkTo .. ‘Selen one -- i" ‘ l__'?jHeIp

AT [ 87 [[geneid ac INPUT_GENENANE BENENAVE _ DESCRIPTION SPECIES  |GHROML...LOCUSID I

N Filter> fe
) LocusiD E
E HDAC1 HDAC1 histone deacetylase 1 |Rattus norvegicus |1p34 3065 transcription(G0:0006

HDACZ HDACZ histone deacetylase 2 |Rattus norvegicus 621 3066 transcription(G0:0006
HDAC3 HDAC3 histone deacetylase 3 |Rattus norvegicus 531 8841 regulation of progressi

1
) SwissProtAcc 2
) IMAGEID i HDAC4 HDACH histone deacelylase 4 |Rattus norvegicus |2¢37.2 arsa transcription{GO:0006
. ik
5
7

HDACH HDACH histone deacetylase & |Rattus norvegicus |17921 10014 regulation of progressi
HDACEH HDACE histone deacetylase 6 |Rattus norvegicus Xp11.23 10013 transcription(G0:0006
HDACA HDACSH histone deacetylase 9 |Rattus norvenicus [7p21 .1 a734 regulation of progressi

) GEN_ID_MFR

® GeneName

[¥Hs [IMm [JRn
@ Enter Searching Data:

HOACT =il
HDACZ
HDACZ
HOACH
HDACS
HDACE
HDACS
Hdacl-ps
Hufac2
Hetac3
Hefacs
Hdach

@ Search i

Missing mumber : 1;
Missing list of search

ide{ GEMNENANME)YHDAC1-P
g

4] il ] [ ]

«LIl 1

Figure 4-5: 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 4-6), including
Synonym, NCBI RefSeq, GenBank Seguences, Gene Ontology, References, Chromosomal Map, Pathway,
and Summary. Select the item that you wish to view and click on OK.

More Info ... |Select one -- -

SPECIES Select one -- —
Gene SyTionyTm:
iGene Summany
Gene Ontology | =
MCBI RefSeq
GenBank Acn%s
Mpmhww
Homo sanienprotein Synom |

HOMO SAPIH
Homo sapie
Homo sapie
Homo sapie

Figure 4-6: More information can be displayed for a selected gene record.

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 4-7).
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2

Figure 4-7: Official web sites are linked for a selected gene record.
Sort Genes Based on Their Common Pathway and Proteins ®: The user can highlight any

number of genes in the table and click ¥ Pathways = ol down triangle and select | Wkesy | of

M, etc to reorder the highlighted genes based on their shared common pathways. Details are
discussed under Pathway Library.
B Proteins ... gl|ows 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 4-2. The user can select particular fields to be displayed in the table

(see Figure 4-8).
Select fields for display El

[ ] SUMMARY BIOLOGICAL_PROCESS ONTOLOGY
PATHWAYS DESCRIPTION CELLULAR_COMPONENT
[ ECNUM GENENAME [ IPRODUCT
MOLECULAR_FUNCTION IMAGEID [ ] SWISSPROT_ENTRY_NAME
[ ]omMim LOCUSID CHROMLOCATION
PROTEIN_REFSEQ SPECIES REFSEQ
[ ] UNIGENEID SWISSPROT_ACC_NUMBER

| oK | | Cancel |

Figure 4-8: Table items that can be chosen for display in the Gene Search results table.

Export Table Contentsto a Local File ®: The contents of a search result table can be

exported to atext or Excel file on alocal disk by clicking on the Export Table. The dialog box

shown in Figure 4-9 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.

“ | gi¢ Pathways |~ | B3 Proteins | () Orthologene | * | GOFFA | [ Chip Lib

@ ‘ Customize Table | Export ‘ More Info ... Link To ... |Select one -- ‘v | @Help

de7 [ GENENAME DESCRIPTION Select one -- = EHROMLOCATIC
S Filter» EntrezGene 1 |~
1 A1BG alpha-1-B glycoprotein RatjUnigene ks =
2 A2M alpha-2-macroglobulin RatOMIM p12.3
2 AZMP alpha-2-macroglobulin pseudogene RatGeneCard n12.3
4 AR atrophia areata, peripapillary chorioretinal degeneration RatChrumnsumal L2
p  penpapillany g )

5 AT M-acetyltransferase 1 (andamine MN-acetyltransferase) Rata;r:sprm —{21.3
G MNATZ MN-acetyltransferase 2 (ardamine M-acetyltransferase) Ra 3 TIOTTEYTCS o —
7 AACP arylamide acetylase pseudogene Rattus norvegicus |8p22
2 SERPIMAZ serpin peptidase inhihitor, clade A (alpha-1 antiproteinase, antitrypsin, miRattus norregicus |14g32.1
3 AADAC arylacetamide deacetylase (esterase) Rattus norvegicus |3g21.3-q25.2
10 AAMP angio-associated, migratory cell protein Rattus norvegicus | 2035
11 AANAT arylalkylamine M-acetyliransfarase Rattus norvegicus | 17925
12 AARE alanyl-tRMA synthetase Rattus norvegicus | 16022
13 ARYS adeno-associated virus integration site 1 Rattus norvegicus |19g13]19913-gter
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i Expart to File 3]
Save e | & Local ek 19 hal L FAE
AneLL A NovELL 5 7HCkers | Selacted rows anky
[ focunents and Sestings 71 Prograen Fies. [ mutoen a
loanvERs: Ssni 0 comaen - v, oo thosn ot fetchod ynt
I aPressspl 1 e DYCONMG : wawe ol N As et Rone
oes CIwmoows [\mul
Cjradr.4.0 02 Clwitenn o E—

Rl e T el Spresdshest @ Plain Toxt

i Manee |

Fos of Typa: | AlFes -
Sawe Cancel

Figure 4-9: Export of search resultsinto alocal text or Excel file.

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 “Copy selected columns on selected rows to
clipboard”. See Figure 4-10.

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
0 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 4-10).

3 HOACS histone deacetylase 3 | o coniane |gaa logas anti.anoptosis;chromatin modificat
4 HDACS histone deacetylase 9 @ Copy selected rows to cliphoard differentiation;chromatin mac
S HOAC 4 histone deacetylase 4 @ Copy selected column on selected rows to clipboard differentiation;cell eyele;chrar
L=} HDACE histone deacetylase 6 Library N cle;chromatin modification;de
v HDACS histone deacetylaze & differentiation;chramatin mac
5 KRT23 keratin 23 thistone dea W1 Ba%c"a"

9 HOMCT A histone deacetvlase 74 Custoriize Table differentiation;chromatin mac
10 HDACS histane deacetylase g | E¥port atin assembly or disassernt
11 HOWC histone deacetvlase 11 |H0m0 sapiens |3p25.1 |T9885 |chrumatin maodification;histone dez

Figure 4-10: Launch Bar Chart for selected gene records.

User can aso click Help © to get information about the libraries (Figure 4-11).

Ciene Libeary, Pathway Library, Protein Library

Figufe 4-11: Information on the libraries under Help menu
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4.3 Pathway Library

The Pathway Search panel can be activated by double-clicking on B Pathway Library jn the
Library panel or Library pull-down menu (Figure 4-1). But users usually access Pathway Library after
creating significant gene list for further biological interpretation, see Chapter 3 about Gene list.

Figure 4-12 shows that pathway information is available in ArrayTrack. This library contains
pathway information from KEGG, ParthArt, Ingenuity and GeneGo MetaCore. ArrayTrack only provides
the portal for Ingenuity and GeneGo, users need to contact these two companies to get his account to access

these two tools.

Center for ToxicoinformaticsNCTR/FDA

The user may have aready noticed that the user interface for the Pathway Search pane is the
same as that of the Gene Search panel (Figure 4-2). As with the Gene Library, clicking the Customize
Table button will display a panel for the user to customize the information that will be displayed (Figure

4-13).

i Pathway Library

" Genelnfo | Compound Info |

@ Specify ID Type:
() GenBankhcc

) UnigenelD

2 LocusID

) SwissProthcc
2 IMAGEID

() GEN_ID_MFR

! GeneName

Hs [JMm [JRn

@ Enter Searching Data:

ﬁ Pathways Ii'l | m Proteins || % Genes || %) Orthologene

“ | GOFFA |

|
[ chip Lib |

[l »

| »

pathway in the database

Library Messages: Total 207 |

@ I :E;:t(:j\rt % More Info ... Link To ... |Select one -- |V| | EI Help
H i MAPTITLE SUBCATEGORY
e MetaCore
55 1 R FE Meuroactive ligand-receptor interaction Regulatory pathway
2 UBE2J2 KEGG  |Parkinson's di Regulatory patheeay
3 GETO2 KEGG Glutathione metabolism Metabolism of Other Amino Acids
4+ TPH2 KEGG Tryptophan metahaolism Amina Acid Metabolism
555 CENK1AIL |KEGG WWint signaling pathway Regulatory pathway
=] CENETAIL |KEGG Hedgehaog signaling pathway Regulatory pathway
;57 CENKTAIL |KEGG Circadian rhythm Regulatory pathway
Bl LGRS KEGG Meuroactive ligand-receptor interaction Regulatory pathway
9 ADSEL KEGG Furine metaholism Mucleotide Metaholism
5; 10 ADSSLT KEGG Alanine and aspartate metaholism Amina Acid Metaholism
g i S0CE4 KEGG Jak-STAT signaling pathway Regulatory pathweay
1z LOCT 22867 |KEGG Cxidative phosphorylation Energy Metahalism
12 MTFMT KEGG Methionine metaholism Amino Acid Metabolism
‘|14 MTFMT KEGG Cine carbon pool by folate Metabolism of Cofactors and Vitaming
|15 MTFRT KEGG Aminaacyl-tRMNA synthet Regulatory pathway

15 MTAMN1 KEGG Micotinate and nicotinamide metabolism metabolism of Cofactors and Vitaming
17 MTAMN1 KEGG Fantothenate and CoA biosynthesis Metabolism of Cofactors and Yitamins
18 MTAMN1 KEGG Caprolactam degradation Biodegradation of Xenohiotics
18 CANT1 KEGG Furine metabolism Mucleotide Metabolism

20 CANT1 KEGG Pyrimidine metabalism Mucleotide Metabalism

COXEB2 KEGG Cxidative phosphorylation Energy Metaholism
MNOUFATT  |KEGG Cxidative phosphorylation Energy Metahalism

B3GALTE |KEGG Chondroitin f Heparan sulfate biasynthesis Glycan Biosynthesis and Metabolism
Gj2g ATPEV1G3 |KEGG Cxidative phosphorylation Energy Metabaolism
25 ATFPEY1G3 |KEGG ATP synthesis Energy Metahalism
;; 26 ATPEY G3 |KEGG Chaolera - Infection Regulatary pathway
27 IQGAF3 KEGG Regulation of actin cytoskeleton Regulatory pathway
§§ 25 CcDCo1L1  |KEGG Glycosylphosphatidylinosital{GP-anchor biosynthesis Glycan Biosynthesis and Metabolism
29 MEU4 KEGG M-Glycan degradation Glycan Biosynthesis and Metabolism ||
30 MHELIA KEGG Glvrnsnhinnnlinid metabnlism Glvran Rinsynthesis and Metaholism |
| man] 4] i |

Figure 4-12: Pathway Library window
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Select fields for display b__<|

? LOCUSID ORGANISM [ | COMPOUND_FORMULAS
[ | SUMMARY SWISSPROT_ENTRY_NAME COMPOUND_NAMES

[ | CHROMLOCATION [ ] omMim [ |ECHUmM
SWISSPROT_ACC_NUMBER MAPTITLE IMAGEID

[ | PRODUCT [ ] UNIGENEID SOURCE

SUBCATEGORY [ | ONTOLOGY GENEMAME

PATHYWAY DESCRIPTION CATEGORY

[ | COMPOUND_CAS [ | MAPID

OK Cancel

Figure 4-13: 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 4-14).

ety LComwouribi 82 Paways « | W8 Proteins &5 Genes | (%) Onihologena |~ | GorrA | [ chip Lib
(@) spectty 10 Type: ! : - ;
% | | Customize Table | Export Mora o .. [Sebectone - || Link To .. Salect one - {6 [T}
* GonftankAce = 1
__ 87 _JLOCUGE]  DROANIGM | OENENAME _ [BOURCE. WAPTITLE I SUBCATEQORT | B
Unigenell) [ ke I | I i 1 -
[ 4560 Homosapiens QDR |KEGE  Foste bosminesss Mgttolism of Cotattors und Wtaming Weta—
Lecusin d (1830 | Womo saplens  |HBEGF |KEGE  GriRH signaling pathway | Requiatory patway [Ragt
h 1833 [Homo sspiens  |HBEQF WEGG  Epfthelial cell signafing in Helicobactes sor infiection Regulatory patrway Regt
SwissProthce fa 208 |Homo sapiens  |MTZ [KEGB __Fe epsilon i signaling pathway | Figuiatory pawity [Regl
gy " 00 |Homosaplens M2 |MEGD _ Juk-STAT signaling pathwy Reguiatory patrwiy [Regl
o 1916 [Homosepieny  |ORDS [KEGE  Neuractv ligand resegtor mteraction Figgulatory parmwiy Fept
IR T ) |Homo saplens  |ACTAY |KEGG Regulation of acsn cyloskalatn | Regulatory patway Rt
o ] 1838 Homo sapiens | HBEGF KEGO  Eib signaling patioeay Regulatory pafrway Regt
Genelame o 1847 |Homo sapibns  |DUSPS [KEGE  MAPw sigraling pathway |Régulatory pamiwiy Fegt
o 1950 |Womo sspiens  [DUSPD |MEGG _ WaF# aignalng patiway Requistory patrway Repl
11 Ce13 Hom sapiens | BORRET KEGG  Meuroactive ligand-receptor inlorsthon Fegulatory patmy ot
2 1604 |Homosapians |COSS KEGG  Hemaspalatic call inaage Regulatory pariway Regl
(Z) Ftor Soarching Dutac - - St - -
G 1604 [Homo ssplens | CDSS [MEGO | Complemert and congulation cascades Requlatury pafwiy Regt
2 1581 |Homo sapiens | CYPIAT |KEGE | Lindhe aced mitabdlam | Rieulaiary patriy L
" 1649 Hemo sspiens  |DDIT3 [MEGT  WAPH signalng pathway |Regulatory parrway [Rept
il 1877 [Homosapiens | DFFE [¥EGE  Apopiosiy Hegulatory pasmway Regl
ﬂ 1556 Homosaplens | CYPIBG KEGG  Arachudonlc acid metabolism Lipid Matabolism weata
. % HEmo sapions | WGP KEGO | Fbehivn metataiem Wetatolism of Cotactors and taming et
= | &5 |Homa sapiens  |ACRR |MEGG | gamma-Herachlormoyciohszans degradaton Haraibiotics Bindegradation and Metabolism  Meta
@] semch “ = 1 Homo saplens | MBAAL [VEGD Hematopuielc cell linesge Regulatory patrway Regt
— et (5133 |Homo saplens  [PDCON |KEGE T coll raceptar signaling pathway | Reguistory patiway Ragi
e ——— 5131 [Homosspiens |PDCDY WEGO  Cel adhesion moleculis (CAMS) Regulatory paFmway Regt
Libriry Messages | . : n
G468 [Homo sapiens |PPAY |KEGG | Dudatve phosphontaton Enrgy Matabakam |metd
il Homo saplens |ACTG1 VEGO | Cholera . iefection Requlatury pafwiy Regl
L“' - vt = (ESE | Homo saplens |CCKAR [KEGD _ eurbache igand-recagnar imeraction | Reulatory patwiy el
2 ) 56 Homo ssplens |CCKAR WEGD  Calkium signaling peway Regulatory putmway Regi
G16 |Homosapiens |CO3D [MEGG  Hematspaintic colllinasge |Régulatory paiway Fegt
= |00 Homa sagiens  |AKT ¥EGO  Focal acnesion Regulstory pariay Regl
= 208 |Homo sapiens [KEGE 8 signalag pattway | Fégulatory patiwiy el
= 00 |Hemo sapiens |MEGG  Gmal cell lung tanter Reguiatory patiwiy [Regl
el (08| Homo sapiens (KEGH  Acuty mysioid beukimia [ Regulatary pawiry ot
3 il |Hemo ssplens _|AC [MEGD _ Pathogenic Eschanichia coll infsstion - EPEC | Regulatory patiway [Regt
= n Homo sapiens | ACTO: |KEGG Pathogenic Exchunichia ol infestion - EMEC Rigulatory parmay Fegt
» in |Hemo ssplens_|AC |MEGG _ Regulation of actn eoskelston Regulatory paTnay [Rept
= 145 HEmY Sapiens KEGG | Cakium signaling pamey Riegulatory pasmy et
» 1040 |Homo saplens |03 |kEGE_ Gacarophospholipid metabiolism | Lipid Masatolism It
208 Hom sapiens | AKT2 VEGG  Welanoma Rigulatory pagrasy Fegt
% 1605 |Homosaplens |DAG |KEGG  ECMereceptor intaraction | Reguitory paimay Fegt
- Homo ssplens | DET WEGD  Valing, lewsing and foleucne degradation Aming Acid Metaboismm Wela
|Homo sapiens | CPIAT 4560 gamma-Heachiormcyiohexana degraciion | ¥arabiotics Rindearadaton and Metaholism |Mgta =)
v

Figure 4-14: Pathway Search panel for gene information.

When searching by Gene Info, the user specifies the type of 1D, 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.
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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

formulais shown in Figure 4-15.

Pathway Library

BEE

JM’ Compound Irifo \_ I Export | Genes on Pathway | mKEGG ‘ Link To ... Selectone .. |w Go Ej Help
rCompound Fields ————
%‘W + COMPOUND_FORMULAS | SOURCE COMPOUND_MAMES MAPTITLE ‘ sU
Name e -
ot ‘v ] 1 BH1005; 162.0528 KRGS 3Ethylmalate Glyoylate and dicarhowylats matabolis Carbo
e 2 BH1007; 184 0427 KRGG D-Tagaturonate Pentose and glucuranate interconvers Carbol
= . 3 BH1005; 162.0528 KRGG (R)-2-Ethylmalate Pyruvate metabolism Carbo
4 CBH1005)n; G10532 KHGG 1,4-beta-O-Mannan Fructose and mannose 1| Carbol
ClE_[H[o o] | 5 BH1004; 146.0579 [: Ele] 3-Dehydropantoate Paniothenate and CoA hiosynthesis | Wetab
il 18H30015(CEH1008)N; G105 KRGG Cyclomaltodexdrin Starch and sucrose metaholism Carbo
Mol ID 7 BH100%5, 162.0528 KHGG 2,3-Dimethylmalate C5-Branched dibasic acid metabolism Carbol
& BH1006, 176.0478 KHGG 2-Dehydro-D-glucose Pentose phosphate pathway Carbol =
(CAS_Number " a BH1007, 184 0427 KRGG 3-Dehydro-L-gulonate Pentose and alucuronate interconvers Carbol
o 10 BH1005; 162.0528 KRGG L-Rhamno-1,4-lactone Fructose and mannose 1 | Carbol
il " BH1004; 1460573 KHGG (R)-4-Dehydropantoate Pantothenate and CoA binsynthesis | Metab,
12 BH1007; 194.0427 % ol 2-Dehydro-D-gluconats Pentose pathwray Carbo
13 BH1005, 162.0528 KHGG (R)-3,3-Dimethyimalate Pantothenate and CoA hiosynthesis | Metahi
14 BH10N205, 190,083 KHGG MN-Carbamyl-L-alutamate Histidine metabolism Amino
15 BH1008, 178.0478 KHGG 3-Keto-heta-D-galactose Galactose metabolism Carbo
15 6H10N203; 158.0802 KHGG 4-hethylene-L-glutamine |5-Branched dibasic acid metabolisr Carbol |
17 BH1005; 162.0528 KRGG 2-Dehydro-3-deoxy-D-fuconate Fructose and mannose metaholism | Carbol
18 BH1006; 178.0478 KRGG 2-Dehydro-3-deoxy-D-gluconate Pentose pathway Carbo
L 19 BH1006; 1780478 KHGG 2-Dehydro-3-teoy-D-gluconate Pentose and glucuronate interconvers Carbal
x 20 BH1004, 146.0573 KHGG (8)-2-Aceto-2-hydroxybutanoate \Waline, leucine and isoleucine biosynt Aming|
el BH1005, 162.0528 KHGG \Fructose and mannose metabolism | Carbol
22 BH1008, 178.0478 KHGG 2-Dehydro-3-deoxy-C-galactonate Galactoze metabolism Carbo
,E 23 BH1006; 176.0478 KRGS 2-Denxy-5-keto-D-gluconic acid; DKHInositol metabolism Carbol
24 BH1003; 130,063 KHGG 4-Methyl-2-oxopentanoa isagValing, leucine and isaleucine degrad|Amina,
= 25 BH1003; 130,063 KRGG 4-Methyl-2-oxopentanoate;; 2-CxoisodYaling, leucing and isoleucing biosynt Amino
Library Messages: Total 207 — s BH10NO3RS; 176.0381 kdoo alpha-Aminoadipoyt 1 enzyme;; ALysine Amina,
pathway in the database 27 BH1003; 130,083 KHGG 3-Wethyl-2-ovopentanaate:; 2-Oxo-3-rWaling, leucing and isoleucine degrad Amino
28 BH10MNZ04; 174.0641 KHGG M-Formimine-L-glutamate;; h-Formin Histidine metabolism |Aming|
20 BH1004, 146.0579 KHGG 4-Hydroxy-2-oxohexanoic acid;; 4-Hyd| Toluene and xylene degradation Biode:
20 BH1003, 130,063 KHGG Adipate semialdehyde;, Hexan-1-one{Caprolactam degradation Biode:
& W I: ol 4-Methyl-5-( thiazale; | Thiamine metabolism Melahlz
4 Il [»
< (=]

Figure 4-15: Pathway searching panel for compound information

As for the Gene Library, the user can rearrange the table columns by dragging and moving the
column header. 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 Pathways pull-
down triangle and choose | ¥ Keus |, or | Pathart |button; since Kegg and ParthArt are different libraries,
probably different search results can be expected.

In Figure 4-16, type in “citrate cycle” in the first row under “MAPTITLE”", then click fresh button

% 1o get alist of filtered genes.

%2 Pathways | ~| | B Proteins | £ Genes | (T) Orthologene | ** | GOFFA | [ Chip Lib
& ‘ Customize Table | Export | More Info ... |Se|ec1 one - | v| Link To .. |Se|ec1 one -- | v|
expoute gquery/ reload (ctrI-Q)| GEMEMAME SOURCE, MAETITLE SUBCATEGORY CATEGORY PATHIAAY

|F Filter= - | citrate cycle |~
i1 61071 |Rattus norvegicus [Sucla2_predicted KEGG  |Citrate cycle (TCA tycle) Catbohydrate Metabolisrm  |Metabolic pathway | Metabolic pathway |succinate-Co

2 0655 |Rattus nowegicus |Acol KEGG  |Citrate cycle (TCA tycle) Catbohydrate Metabolisrm | Metabolic pathway | Metabolic pathway  |aconitase 1

3 85820 Mus musculus Dist KEGG Citrate cycle (TCA wycle) Carbohydrate Metabolism  |Metabolic pathway | Metabolic pathweay | dibvdrolipoa

i G451 Mus musculus | Suclyl KEGG  |Citrate cycle (TCA tycle) Catbohydrate Metabolisrm  |Metabolic pathway | Metabolic pathway |succinate-Co.
5 419 Homao sapiens IDH3A KEGG Citrate cycle (TCA cycle) Carbohydrate Metabolism  |Metabolic pathway |Metabolic pathweay |isocitrate deh
] 92450 Rattus norvegicus [Aco2 KEGG Citrate cycle (TCA wycle) Carbohydrate Metabolism  |Metabolic pathway | Metabolic pathway  |aconitase 2,

7 431 Homo sapiens  |C5 KEGG  |Citrate cycle (TCA tycle) Catbohydrate Metabolisrm | Metabolic pathway | Metabolic pathway | citrate syntha

& A743 Homo sapiens QOGDHL KEGG Citrate cycle (TCA cycle) Carbohydrate Metaholism  |Metabolic pathway |Metabolic pathweay | oxoglutarate d

3 417 Homo sapiens  |IDHT KEGG  |Citrate cycle (TCA tycle) Carbohydrate Metabolism  |Metabolic pathway |Metabolic pathway |isocitrate deh
H il 5293 |Mus rusculus  |Ogdh KEGG  |Citrate cycle (TCA tycle) Carbohydrate Metabolism | Metabolic pathway | Metabolic patteway | oxoglutarate d_
# a1 Homao sapiens SUCLG2 KEGG Citrate cycle (TCA cycle) Carbohydrate Metaholism  |Metabolic pathway |Metabolic pathway |succinate-Co., T
|1z 60975 |Rattus novegicus [Ogdh KEGG  |Citrate cycle (TCA tytle) Carbohydrate Metabolism  |Metabolic pathway | Metabolic pathway | oxoglutarate d

13 71425 |Homo sapiens  |CLYBL KEGG  |Citrate cycle (TCA tycle) Catbohydrate Metabolisrm | Metabolic pathway | Metabolic pathway | citrate lvase b

14 14587  |Ratius norvegicus |Suclgl KEGG Citrate cycle (TCA cycle) Carbohydrate Metaholism  |Metabolic pathway |Metabolic pathway |succinate-Co.,

In Figure 4-17, highlight some of the filtered genes then click “Pathway” button to select KEGG.

Figure 4-16: type “citrate cycle” in thefirst row to filter genes
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| e PathMH | B Proteins H & Genes H (3} Orthologene H “ | GOFFA || [ chip Lib |

@ g :l;::;n More Info ... Link To ... |Selec‘t one -- |V| | Ej Help
‘%‘iﬁ' H GEMNENAME SOURCE MAPTITLE SUBCATEGORY
|F Fiters | T MetaCore CITRATE CYCLE el
1 61071 |Rattus nomegicus |Suclal?_predicted KEGG Citrate cycle (TCA cycle) Carbohydrate Metabolism e
|2 0655 |Rattus norvegicus |Acal KEGG | Citrate cycle (TCA cycle) Carbohydrate Metabalism Me
3 8820 Mus musculus Dlst KEGG Citrate cycle (TCA cycle) Carhohydrate Metaholism e
la G451 Mus musculus Suclgl KEGG Citrate cycle (TCA cycled Carbohydrate Metabolism e
5 414 Homao sapiens IDH3A KEGG  Citrate cycle (TCA cyele) Carbohydrate Metabalism Mej=
e Q2460 Rattus noregicus |Aco? KEGGE Citrate cycle (TCA cycle) Carbohydrate Metabolism e
7 431 Homo sapiens S KEGG Citrate cycle (TCA cycled Carbohydrate Metabolism e
H < 5753 Homao sapiens QGOHL KEGG Citrate cycle (TCA cycla) Carbohyidrate Metabolism hed
a 417 Homao sapiens IDH1 KEGG Citrate cycle (TCA cycle) Carbohydrate Metabolism e
1o 8293 |Mus musculus Ogdh KEGG | Citrate cycle (TCA cycle) Carbohydrate Metabalism Met—
11 a01 Homo sapiens SUCLGZ KEGG Citrate cycle (TCA cycle) Carhohydrate Metaholism e
iz 0975 |Rattus norvegicus | Ogdh KEGG Citrate cycle (TCA cycled Carbohydrate Metabolism e
|13 71425 |Homo sapiens  |CLYBL KEGG | Citrate cycle (TCA tyele) Cathofydrats Metabolismm IE
14 14587  |Rattus nonegicus | Suclgl KEGG Citrate cycle (TCA cycle) Carbohydrate Metabolism e
15 41459 Rattus noregicus | Acly KEGE Citrate cycle (TCA cycle) Carbohydrate Metabolism e
s 420 Homo sapiens  |IDH3E KEGG | Citrate cycle (TCA tyele) Cathofydrate Metabolistm IE
7 =] Mus musculus ldh3g KEGG Citrate cycle (TCA cycle) Carbohydrate Metabolism e
HiE B945  |Mus musculus Sdha KEGG | Citrate cycle (TCA cycle) Carbohydrate Metabalism Me
19 4551 Mus musculus Pck2 KEGG Citrate cycle (TCA cycle) Carhohydrate Metaholism e
2o 8951 [Mus musculus ldh2 KEGG Citrate cycle (TCA cycled Carbohydrate Metabolism e
2 98586  |Rattus norvegicus |Sdhb_predicted KEGG | Citrate cycle (TCA tyele) Cathofydrats Metabolismm IE
‘|e2 381 Homao sapiens SOHC KEGG Citrate cycle (TCA cycle) Carbohydrate Metabolism e

23 83388 |Homo sapiens LOC283308 KEGE Citrate cycle (TCA cycle) Carbohydrate Metabolism e

24 8563 |Mus musculus Pex KEGG | Citrate cycle (TCA cyele) Carbohydrate Metabalism Me

25 a Homo sapiens ACOT KEGGE Citrate cycle (TCA cycle) Carhohydrate Metabolism e

26 967 Homao sapiens 0GOH KEGG | Citrate cycle (TCA cycle) Carbohydrate Metabalism Me

7 1042 |Raftus nomegicus |F’ck2_predicted KEGG Citrate cycle (TCA cycle) Carhohydrate Metaholism el

Figure 4-17: Select genes for Pathway (KEGG) Search.

All pathway information related to these genes is displayed in three separated tables respectively
for human, rat and mouse, as shown in Figure 4-18. At the bottom of the pathway table, a summary on
pathway information is provided: Total submitted genes, number of genes found, number of genes not
found, Total number of pathway maps. The Pathway table is organized by gene name, Locus ID, pathway
map, the category of the pathway and Fisher P value.

KEGG Pathway{hsa)

BcadZ0E0

Glyoxylate and dicarboxylate metab...

Carbohydrate Metabolisr/Meta.. |0.00001416

Save
Gens name(LocusD) LT Category Fisher P Value /

S(1431)

DH3A(3419) Citrate cycle (TCA cycledihs... |Carbohydrate Metabolismit... |2.9E-7

OGDHL(55753)

ICS(1431) Gilyvoxylate and dicarboxylate. . |Carbohydrate MetabolismM.. (000993605

JOGDHL(55753) Lysine degradation(hsal03... |Amino Acid MetabolismiMet.. 0.02821369

JOGDHL(55753) Tryptophan metabolismibs... [Amino Acid Metabolismibet... [0.04211932

Input genes = 8, 3 genes found, 5 notfound, Total 4 pattaeay maps.

EAKEGG Pathway(mmu) (=] E3
Save

Gene nameiLocusID) Map Category Fizher F Yalue #

I5t(78920) Citrat | CA oyl Carbohydrate Metabolismibl...|0.00004187

uclg1(56451) itrate cycle (TCA oycle)im arhohydrate Metabalism)

uclg1(56451) Propanoate matabolismirn.. |[Carbohydrate Metabolism .. |0.01460012

Ist(78920) Lysine degradation{mmuin... |Amino Acid Metabolism/Met... [0.01605423

Input genes = 8, 2 genes found, § notfound, Total 3 pathweay maps.

FAKEGG Pathway(rno) [x]
Save

Gene nameilLocus|D} Map Categony Fisher P Yalue #

Aco1(50655) |a]
Aco2(79250) Reductive carbowylate eycle (CO2 .. [Energy Metabaolismibetabolic p.. [1E-8
Sucla2_predicted{361071)

Aco1(50655) 3
Aco2(79250) Citrate cycle (TCA cycled{mol0020) |[Carhohydrate Metaholism/Meta... |2.0E-7

ucla2_predicted(361071) -

co1(50655)

4]

Input genes = 8, 3 genes found, 5 notfound, Total 4 pathway maps.

Figure 4-18: Search results from KEGG
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When you move the mouse cursor over the name of a pathway map or its category, that pathway
will be highlighted. In Figure 4-18A, The “Citrate cycle (TCA cycle)(hsa00020)" pathway is
highlighted. By clicking on the pathway that is highlighted, you will be directed to the KEGG/Pathway

HTML page (Figure 4-19).
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Figure 4-19: A list of the pathways in which the eight genes are involved is displayed in the format of

KEGG/Pathway database search resuilt.

In Figure 4-17 if user selects PathArt for Pathway search then the result will be different. The
following figure shows the searching result for homo sapiens and rattus norvegicus.

&Z Pathart for Mus musculus

Gene Mam..|Pathway M..| Organism [Phvsinloo FH F
AL EHRGEI I ©7 pathart for Rattus norvegicus
{Pck1(185... [Respansi... [Mu
{Pck1(185... [30CS Me... [Mu
{acly(1041... |Leptin Sig... [Muf‘
[Pck1(185... [PPARgarm..[Mu
llck1(135... Insulin Sig...\Mu Pathway b..| Organism |Physiolog... _|Pathweay T. |Fisher .. A

Total genes =77, Found gen

e [Mitric Cixicl.. R ot

3 &4 Pathart for Homo sapiens
. | Transcript..

... |PPARGE. .
-..|Leptin Sig...
Total genes =77, Found gen

.|Pathway N..| Organism Physiology. |1S_PHYSL. Pathway Ty.| Fisher .. &
Purine Me... Homo sa... [General  |Physiology [Metabolic  |0.005354
Transcript.. |Homo sa... |Froteinfa.. |Physiology |Signaling  |0.045423

Total genes =77, Found genes= 2, Found pathways= 2

Figure 4-20: search results from PathArt
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In Figure 4-20, the user can highlight and double-click one record, (got error message, will add
screen shot later)

Click the pathway name under the “Result” tab in the left panel, the pathway will show up in the

right panel. See Figure 4-21.
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Figure 4-21: Pathway from PathArt

Chemical structures can also be displayed by double-clicking on the compound name.
The Pathway table can also be saved in aloca file by clicking on &, see Figure 4-18.
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Figure 4-22: KEGG pathway map (hsa00120) on Bile acid biosynthesis. Query compounds are highlighted in red
cycles.
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4.5 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 |eft part is the search form,
and the right part displays the search results. Figure 4-23 shows that protein information is available for
41,795 records in ArrayTrack. Also same as mentioned in Pathway Library, users usually access Protein
Library after creating significant gene list for further biological interpretations.

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.

{5 Protein Library

(@) specity ID Type: #2 Pathways | +| | 85 Genes | () ortholagene | © | Gorra | B chin Lib |
) GenBankAcc ;
| & " Customize Table | Export | More Info .. [Select one - | | Link To ... Select one - ~| | Cluew |
2 UnigenelD : SWISSFROT_ENTRY_NAME [SWISSPROT_ACC_NUM DESCRIFTION [Selectone - -+ bCUsID |
|NF Filter> EntrezGene 1 |~ |
© LocusiD h 14338 _HUMAN P31946 14-3-3 protein heta/alpha (Protein |UNgene N adapti—|
©) SwissProthce w2 1433B_MOUSE QICOVE 14-3-3 protein betafalpha (Protein g::‘:z‘(:ard #401 adapt
3 1433B_RAT P35213 14-3-3 protein betafalpha (Protein 011 adapt
) IMAGEID e 1433E_HUMAN P2258 14-3-3 protein epsilon (14-3-35) ;&ri:?:f;ma' Map | sy adapt
ifs 1433E_MOUSE PE2250 14-3-3 protein epsilon (14-3-36) pra7 | adapt
) GEN_ID_MFR ‘e 1433E_RAT PG2260 14-3-3 protein spsilon (14-3-2) (Lo 79753 | adapt
7 1433F_HUMAN Q04817 14-3-3 protein eta (Protein ASTY. [YWHAH 7533 adapt
© GeneName & 1433F_MOUSE PEES10 14-3-3 protein eta. ‘whah 22629 adapt
o : ‘o 1433F_RAT P51 14-3-3 protein eta. ‘whah 25576 | adapt
(s [lmm IRy o 14336_HUMAN Fo1981 14-3-3 protein garmma (Protein Kin YWHAG 7532 | adapt
(@) Enter Searching Data: i1 1433G_MOUSE PE1982 14-3-3 protein gamena. Ywhag 22620 | adapt
— e 1433G_RAT PE1283 14-3-3 protein gamma. ‘rwhag 56010 | adapt
mEE 14335_HUMAN P31947 14-3-3 protein sigma (Stratifin) (Ep SFN 2810 adapt
e 14335_MOUSE 070456 14-3-3 protein sigma (Stratiin), |3 56948 | adapt
fus 1433T_HUMAN P27348 14-3-3 protein theta (14-3-3 proteif YWHAG 10871 | adapt
| ils 1433T_MOUSE PEE254 14-3-3 protein theta (14-3-3 proteif Ywhag 22630 | adapt
x 17 1433T_RAT PEB255 14-3-3 protein theta (14-3-3 proteirYwhag 28577 adapt
@ “ fL 1433Z_HUMAN PB3104 14-3-3 protein zeta/delta (Protein kYWHAZ 7534 adapt
e e | 19 1433Z_MOUSE PE3101 14-3-3 protein zeta/delta (Protein kYwhaz 22631 adapt
Library Messages - | lzn 1433Z_RAT PE3102 14-3-3 protein zeta/delta (Protein kVwhaz 25578 adapt
2t 15E1_HUMAN 043715 UPF0203 pratein 15E1.1 PEICEY 51499
‘|22 15E1_MOUSE Q80872 UPF0203 protein 1511 1810015M01 Rik BON7E
i 15E2_HUMAN 043716 Putative pratein 15E1.2 15E1 2 283458
Jea 1AD1_HUMAN P30443 HLA class | histocormpatibility antid HLA-A 3105 invaly
if28 1A02_HUMAN P01892 HLA class | histocormpatibility antid HLA-A 3105 invaly
s 1A03_HUMAN PO4439 HLA class | histocormpatibility antid HLA-A 3105 invaly
‘ez 1AT1_HUMAN P13745 HLA class | histocormpatibility antid HLA-A 3105 invaly
fis 1423_HUMAN P30447 HLA class | histocomp atigility antid invaly
|ea 1424 HUMAN PO5534 HLA class | histocormpatibility antid HLA-A 3105 invalve_|
30 1424 HUIMAR F1R4F HIA class Lhistocnmnoatibilite antio HEA- 10045 inwnle |
_{emn] J] Il [ [»]

Figure 4-23: Protein Search pandl.
The contents of the table can be customized by selecting data items shown in the Figure 4-24.

Select fields for display r5__<|
Iz‘ [[] SEQUENCE [_]INDUCTION DESCRIPTION
[ MOLECULAR_LENGTH FUNCTIONS GENENAME
SIMILARITY [ ] PATHWAY SWISSPROT_ENTRY_NAME
IMAGEID [_] MOLECULAR_WEIGHT LOCUSID
[ SECONDARY_ACC_NUMBERS [ | SUBCELLULAR_LOCATION CIpTm
[] TISSUE_SPECIFICITY SWISSPROT_ACC_NUMBER [ | ALTERNATIVE_PRODUCTS
[_] CHECKSUM []TAX_ID [ ] DEVELOPMENTAL_STAGE

Figure 4-24: I1tems that can be chosen for display in the Protein Search result table.
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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 4-23).

4.6 IPI Library

IPI  Library contains protein information from the International Protein  Index
(http://www.ebi.ac.uk/IPI/IPlhelp.html). The IPI search panel (Figure 4-25) is similar to that of Gene
Search and Protein Search.

[ IPI Library EEX

(1) Snecity 1D Type: | | #2 pathways ‘:j impmmins | % cenes | @) orthologene | | GorFa || [ chip L |
2] i
| & l | customizetane | Export | mMoremto.. [Selectone [+ |LinkTo .. [selectone-  [v| | [ten |
) GenBankhcc i | IPINAME DESCRIFTION Syc|SEIBCtone - | = bep [owSSPROT_ENTRY MAME|SUBCELLULAR L |
! T Fitars Gene Sy ||
jwiUinigenell o IFI00000001HOMOLOG. 0g57|GANE ST, STAU_HUMAN =
ot e IPIDODOOODE GTPASE NRAS po11{08ne OMology = Tpaay Human
= IPI0000000E GTPASE HRAS PO 1] Betaed RASH_HUMAN
© SwissProthce s |PI0000001 3 ZING TRANSPORTER 8 :;ﬂ;‘;ﬂ; Accast 3
i e IPI000A0013 CATHEPSIN L2 PRECURSOR. OB Symongn | CATLL HUMAN
) IMAGEID 1 IPINN0001 & SELICING FACTOR, ARGININE/SERINE-F 0081 o =1 [sFRS4_HUMAN
I IFID00A0017 ORF1 & TO PO-ECGFTF PROTEIN,
£ GEN_ID_MFR i IPI00000020 ORF3 §' OF PD-ECGFTF PROTEIN,
o IFIN0000021 ORF2 & TO PD-ECGFITP PROTEIN
i Gegchiams o IPIOD0000ZE GAMMA-AMINOEUTYRIC ACID A RECEPT
S [ o f IFIN0000024 SPLICE ISOFORM 1 OF PROTOCADHER| Q08174 PCOH1_HUMAN
2 IPIDO0002E1G. QIANKE KCC1G_HUMAN
(@) Enter SearchingData: 13 IPINN00027 FITUITARY ADENYLATE CYCLASE ACTIV/P18508 FACA_HUMAN
= s IFIN0000030 KDA REGULATORY SUBUNIT, DELTA 154214738 2A50_HUMAN
s IPI00000032 PROTEIN AF-8 P42568 AF3_HUMAN
s IFIN0000035VOMERONASAL TYPE-1 RECEPTOR 3. | QIEXES YN1RZ_HUMAN
i IPI00000041 RHO-RELATED GTP-BINDING PROTEIN |PA2745 RHOB_HUMAN
e IFIN0000043VERY HYPOTHETICAL BLYM-1 PROTO-0|[PD1124 BLYM_HUMAN
=~ e IPI00000044 PLATELET-DERIVED GROWTH FACTOR |P01127 PDGFE_HUMAN
@ _ ‘o IPIN00004% PRECURSOR F18510 L1 Rs_HUMAN
.......................... i IFID000004E BWRT PROTEIN
Library Messages: ] 22 IPI0000047 HYPOTHETICAL PROTEIN (FRAGMENT).
s IFIN000004E INTERLEUKIN-20 PRECURSOR Qa1 IL20_HUMAN
ea IPI00000045 TNFSF10 PROTEIM. P&0591 THF10_HUMAN
s IFIN0000051 PREF OLDIN SUBLINIT 1 0A0925 PFD1_HUMAN
s IPI0000057 CONSERVED OLIGOMERIC GOLGI COMI Q14746 COGI_HUMAN
ez IPINN0O00SE INWARD RECTIFIER POTASSIUM CHANNOG0S 28 IRK1 3_HUMAN
s IFID0N000SE LFA-3 (FRAGMENT).
|ea IPID0000GE SUBUMIT, QaYIKE GEGEL_HUMAN
‘len 1RINONA0F 0L OMY-DFERSITY LIPOPROTEIN RECEFRPTOIPN1130 LDLR_HUMARN S
i £ 47367y 4| 1 | [

Figure 4-25: IPI Library search panel

4.7 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/BL A STinfo/information3.html). The library currently contains
orthologs for human, mouse and rat.
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) Orthologene Library E] '

Figure 4-26: Orthologene search panel.

(@) Specify ID Type: | | s Pathways |~ | B proteins | & cenes | “ | GorFa | [ chipLib |
) HomologenelD & | ] - ]
| ‘ Customize Table | Export | More Info ... |Selec1 one - |V| Link To ... |Select one |v| | 2l Heip |
) GenBankAcc 7 | HOMOL...[ CAPTION [HUMAN_. [MOUSE . [RAT_GE...HUMAN_. MOUSE_ [RAT_CH..[HUMAN_ IMOUSE_[RAT LO..[HUMAN_. [MC
“ISF Filter> |~ |
sl ninznzl h 3 Gene conSACADM |Acadm  |Acadm  |1p31  3H3373.2045 |34 11364 (24158 |acy-Coenjaci—
o lacsiD 2 k] Gene congACADYL | Acacyl Acadvl 17p13-p1111 B2-BA[]10024 37 11370 25363 acyl-Coenjac
= 5] Gene cong ACATT Acat! Acat! 11922.3-9/9 30.0 cM 8241 38 110446 (25014 acetyl-Coe ac
) SwissProtice 4 7 Gene cong ACYR1 Aryr] Arvr] 2023-q24 |2 €14 321 a0 11477 79558 activin A reac
B 9 Gene cond SGCA Sgca Sgca_pred17gd 11C 10031 64432 203591 303468  |sarcoglycssa
) IMAGEID & 12 Gene congADSL Adsl Adsl_pred 22013.1|2115 E1[18 47934 168 11564 3158150 |ademlosua
B 13 Gene cong AGA Aga Aga_predi|4g32-933 |8 B3 16p11 175 11593 280923 |aspartylgllas
) GEN_ID_MFR ‘8 14 Gene congAGT Aot Aot 1g42-q43 |8 E2|3 B8.1ag12  |183 11606 (24179 |angiotensia
g 16 Gene cong ALAD Alad Alad G331 4 B3[4 3001- 210 17025 25374 aminolevula
e GenoRaiin: 1o 17 Gene condALAS2  |Alas?  |Mlas?  [¥p11.21 XFaB3(xo21 212 11656 (26748 |aminolewa
@Hs [IMm []Rn b 20 Gene cong AMPDY Ampd1 Ampd1 1p13 3F2.2|3 482934 270 220665 25028 adenosinga
1z 26 Gene cong AP OH Apoh Apoh_prec17g23-gte/ 11 D11 63109321 |350 11818 287774 |apolipoproa
@ Enter Searching Data: 13 27 Gene congFAS Fas Tnfrsfd 109241 189119 21952 355 14102 246097  |Fas (TNF nFa
= ha 28 Gene congAR Ar Ar Kol 1.2-01 (% C3[K 36, Ku22-032 [367 11835 24208 androgen |a
| |18 29 Gene cons ARG Argl Argl Eg23 10 A4 1p12 383 11846 28221 arginase, lan
] 32 Gene congAsL Asl Asl Teen-g11.05 G1.3[5 712013 435 109800  |59085 argininosyar
17 33 Gene condASPA Aspa Aspa 17pter-p1311 B4 - 443 11484 79251 aspartoacy ag
38 Gene congATPTA ] Atn7a H013.2-01 X DX 44.0[%ag31 a38 11977 24941 ATPase, CIAT|
39 Gene condBCKDHE |Bekdhb  |Bekdhb (6g13-g15 (9 E2-E31 (8931 5494 12040 29711 branched 1 br:
®| Search 41 Gene congBRCAZ  |Broa2 13012.3 |5 G3|5 84, 675 12180 497652 |breast canbr
__________________________ 44 Gene cond SERPING | Serping! |Serpingl [11g12-9132D 324 710 12258 295703  |serpin pepse
Library Messages: 45 Gene congc2 c2 c2 Bp21.3 17 B1[17 120p12 [k 12263 24231 complemscol
47 Gene cong CB CE CE p13 154116 32916 729 12274 24237 campleme co;
24 48 Gene cong CEE Cah Cihb 1p3z 4 CAl4 49.|5034 T3z 110382 [313421  [complemscol
q 53 Gene cond CAPM3 | Capn3 Capn3 15915.1-/2 E5|2 6713935 826 12335 291455 calpain 3, |ca
25 ki) Gene cong CO3G Cd3n Cd3g_prer11g23 9 A5.2[9 268022 917 12502 300678 |CD3G anti GO
27 a6 Gene cond CO40LG |Cd40ly | Tnfsfa K26 K AS[ 18,0036 959 21047 B4349 CD40 ligal GO
|8 a8 Gene condCOKMIC [Cdknlc  |[Cdknlc  [11p15.5 |7 FS|7 69.41042 1028 12577 246060 |cyclin-depycy
‘|28 a4 Gene cond CHRMAT [Chrnal  |Chrnal  [2024-g32 (2 C3|2 4330923 1134 11435 79547 chalinergid ch
L 33 ) 6<D| Gene cond CHREME  [Chrne "?hrne 17n13-p1211 B3111 410024 I 1145 11448 29422 chalinernis c’hll

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 are different, and consist
of website databases related to cross-species, chromosome location across species, gene homology and
speci es-specific genome information (see Figure 4-27).

More Info ...

Select one --

—

A2
na group |MNA

&

Select one --
Conserved Domain
Phenotypes
Related Homaology |
LniGene

HLInfAMN

Link To ..

Select one -

Homologene
Human_Entrez_GeneBank
Human_Entrez_Protein
Mouse_Entrez_GeneBank
Mouse_Entrez_Protein
Rat_Entrez_GeneBank
Rat_Entrez_Protein
Human_Locus

[4]

Figure 4-27: More links to other resources

4.8 GOFFA Library

The GOFFA (Gene Ontology For Functional Analysis) 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
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databases, facilitating uniform queries across them. The controlled vocabularies of terms are structured to
alow 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: aconvenient or common way to access GOFFA isthrough Gene Library or through gene

list.

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 4-28.

|9 patways |+ Bproteins | (&) Ortologene | * | GoFFn | criLi

AACP

anylamide acelflase |

Homa sapiens

Bp?

SERPINA3

=erpin peptidase inhibitor, clade A (alpha-1 antiprot

 antittypsing, mi

Homa sapiens

144

LA e = e S

AADAC

anylacetamide deacetylase (esterase)

Homa sapiens

g2

ARNP

angio-associated, migratory cell pratein

Homa sapiens

g3

El More Info ... ‘Selemone-- MLinkIu ‘Seleclune-- M ‘ EHeIp
GENENAME DESCRIPTION 4 (1) SPECIES 4 (3 LOCUSID] | | ==
5 Filters t R
1 WEG alpha-1-B glycoprotein Homa sapiens L = P
AN alpha-2-macroglobulin Homa sapiens i
AP alpha-2-macroglobulin | Homa sapiens 12p
NAT1 N-acafyl 1 (arlamine h-acetylt Homa sapiens B2 i
NATZ N-acafyl 2 (amlamine h-acetylt Homa sapiens Bp?

LER

Figure 4-28: Accessing GOFFA viaGene Library

The GOFFA Library displaysthree vertically parallel panels: 1) the left panel for pasting the name
of genesto 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 termsin the
middle panel.

In the middle panel, there are five tabs categorized as: 1) Tree. 2) Term Clustering. 3) All Genes. 4)
GO Path Plot. 5) Go Tree Prune.

Under Tree tab: the search results will be shown here in three root groups. @) molecular function;
b) biological process; ¢) 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 isthe 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 4-29.
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Update

Select data type {| Tree | Terms | Genes | GOPath | GO Tree Prune | [ Mo |Locusl. 4 | GeneMNa
" i T SERFINAS
) GenBankAcc 9 CJall(7i27704 P=1.000000 E=1.00 R=0.00) T 1z e
-1 molecular_function(6i24112 P=0.772800 E=0.98 R=0.11)
) UnigenelD 9 [ enzyme regulator activity(2i1135 P=0.030701 E=6.97 R=1.62)
& 3 enzyme inhibitar activity(2/203 P=0.004021 E=20.14 R=4.02)
@ LocusID ¢ [ protease inhibitor activity 21262 P=0.001%13 E=30.21 R=6.76)
¢ [ endopeptidase inhibitor activit(2/253 P=0.001693 E=31.28 R=0.53)
() SwissProtAcc ¢ [[setine-tyne inhibilor activity(2147 P=0.000577 E=53 85 R=12.77)]

[ chyrnatrypsin inhibitor activity(/1 F=0.00025% E=3047.71 R=16.37)
D wide-spectrum protease inhibitor activity(1/10 P=0.002524 E=395.77 R=12.13)
o= [ catalylic activity(3/6998  P=0.245838 E=1.70 R=0.72)
o [ transporer activity(1/1 725 P=0.362415 E=2.20 R=0.55)
o [ hinding(31 6254 P=0.890330 E=0.73 R=0.16)
@[ hiclogical_process(6i22095 P=0.560041 E=1.07 R=0.24)
o =7 regulation of hiclogical process(1i0 P=1.000000 E=0.00 R=0.24)
o= [ response o stimulus(26777 P=0 541579 E=1.17 R=0.51)

(2 Gene name ( @ Offcal (O Synonym)

Select array type o [T localization(20  P=1.000000 E=0.00 R=0.24)
o= [T establishment of Incalization(1/3567 P=0F18989 E=1.11 R=045)
‘ "| o= [ biological regulation{1/0 P=1.000000 E=0.00 R=0.24)
o~ [ metaholic process(aM 0731 P=0.084405 E=1.84 R=1.32)
Input Data o~ (7 cellular process(2M 8118 P=0.991557 E=0.44 R=0.25)
I3 - cellular_component(823084 P=0.761163 E=0.93 R=0.12)
‘2 o 3 organelle part(1/0 P=1.000000 E=0.00 R=0.12)
1 o= [ cell parti4i0 P=1.000000 E=0.00 R=0.12)
o D extracellular region(3/3469 P=0.046497 E=3.42 R=1.45)

o [ cell(4/21408 P=0.948511 E=0.74 R=0.14)

lj o [ organelle(2/0 P=1.000000 E=0.00 R=012)
" SearchinTree
1z Find terms inii ‘
® GOterm () Gene name or gene symbol ) PValue ( EValue
Search GO ‘ | Clear | ‘ Search | | Clear | ‘ Advance Search ‘

Total original submit =8, Found =7 with GO term

Figure 4-29: GOFFA Library search panel

Enrichment factor =(ni/N)/(gi /G) (1.2)
Where ni isthe number of hit genesintermi. N isthe number of input genes. gi isthe 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 Tree tab panel, the user can enter aterm in the “Find terms containing” text
box, choose search by “GO term” or “Gene name or gene symbol”, then click search button, the term
contained at all levels of the tree will be highlighted in blue color. See Figure 4-29. Also the user can search
by filtering out some terms by setting the P-value or E value criteria. More than that, the user can do
advance search by clicking button “ Advance Search”. See Figure 4-30.

™ X
Advance Search
GoTerm [ ]
SearchinTree GeneName | ]
P value <= [0.05 | Pvames<- foo1 |

Evalue>= 200 |
) GOterm () Gene name or gene symbol ® PValue (' EValue v NumberofGene>= I |

Node level >= |3
| Search H Clear ‘ Advance Search

Figure 4-30: Search tree according to P-value or E value

Under Term Clustering tab: there are three sub-categorized tabs (molecular function, biologica
process and cellular component) each having a spreadsheet with 7 columnstitled in No., Term, GO ID (GO
accession number), Average Level (the average hierarchical level of the term showing in all the paths),
Average Fisher P Value, Gene Hits (the number of the gene products associated with the term) and
E(enrichment) value. Thisis 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.
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Term Clustering | All Genes | GOPath | GO Tree Prune |

Molecular function r Biological process rCeIIuIar component |

Under All Genes tab: there are 7 columns same as under term clustering tab, plus a Gene column

Figure 4-31: Under Term Clustering tab in GOFFA library

Mo Term GO D Average Level  |Average Pvalue & Gene Hits E value
1 M-acetyltransferase activity GC000s0s0n 8.00 0.000063 2.00 160.99 -
2 M-acyltransferase activity GO:0016410 7.00 0.000083 2.00 140.55
3 acetyltransferase activity G001 6407 T.00 n.ooot111 2.00 121.30
4 aralkylamine M-acetyltransferase activity GO0o04059 4.00 0000226 1.00 4427 .33
5 |chymotrepsin inhibitor activity GOn030564 7.00 0.000226 1.00 442733
4} acyltransferase activity GO0o0g414 6.00 00006145 2.00 51.48
7 transferase activity, transferring groups other th.., |GO0016747 5.00 0000624 2.00 50,89
] transferase activity, transferring acyl groups GO0 6746 4.00 0.000703 2.00 4812
9 |alanine-tRMNA ligase activity Goiooo4e13 7.00 0.000903 1.00 1106.83
10 |arlamine M-acetyiransferase activity GO0004060 49.00 00011249 1.00 BBA 4T
11 |tRMA binding Gooooooo4a 5.00 0.004058 1.00 24596
12 |deacetylase activity GOono19213 4.00 0.005849 1.00 170.28
13 |heparin hinding GOoooog201 .00 0.019937 1.00 49.75
14 |tRMAligase activity GOu0o04812 .00 0.021047 1.00 4710
16  |ligase activity, forming aminoacyl-tRMA and rel.. |GO:001 6876 5.00 0.021047 1.00 4710
16 |RMA ligase activity GOonoog4s2 5.00 0.021047 1.00 4710
17 |limase activity, forming carbon-oxygen bonds GO0016ETA 4.00 0021047 1.00 4710 =
18 |limaze activity, forming phosphoric ester bonds  |GO:001 686 4.00 0023485 1.00 4217
13 |glycosaminoglycan hinding GO00054539 4.00 0025914 1.00 3817
20 |pokysaccharide binding GOoo030247 4.00 0.029008 1.00 34.06

for each spreadsheet categorized under molecular function, biological process and cellular component. The
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. From here users can

also create significant gene list by highlighting some gene records and right-clicking -> choosing “ Create
significant gene list”. Double-click on any row will bring up tree view with highlighted gene number in

blue on any associated term.

!l Tree | Terms | Genes | GOPath | GO TreePrune |
‘| Molecular function r Biological process rCeIIuIar component |

ko Gene Term GO 1D Level (Average) P valuelfverage) A Gene Hits E wvalue

1 Ephx2 phosphaotic ester hy.. |(GO:0042578 A.00 0.008057 5.00 344 -
2 Ctdspl phosphaoric ester hy.. |(GO:0042578 A.00 0.008057 5.00 344 A
3 Hrnox1 phosphaoric ester hy.. |(GO:0042578 A.00 0.008057 5.00 344 T
4 Dusp? phosphoric ester by... |(GO0042578 5.00 0.008057 5.00 3.44 |
] Cusph phosphoric ester hy... |(GO0042578 5.00 0.009057 5.00 3.44

5] Ahchd drug transpoarter acti..|(GO0015238 3.00 0.014467 2.00 8.26

7 |Abchib drug transporter acti... |GO:0015238 3.00 0.014467 200 8.26

g |Abchd ¥enohiotic transport... |GO:0042910 3.00 0.014467 2.00 8.26

9 |Abchib ¥enohiotic fransport... |GO:0042910 3.00 0.014467 2.00 8.26

10 |Abchd multidrug transparte...|G 00015239 4.00 0.014467 2.00 8.26

11 |Abchih rriiticl — = 0.014467 2.00 8.26

12 |Ahchd xenab| 55 Copy ot 0.014467 2.00 5.26

13 |Abchihb xenah 0.014467 2.00 8.26

14 |NMkb1 heats| b Export data BB 0.015504 4.00 367

14 |Mfkhia heat g Create significant gene list... 0.015504 4.00 3.67

16 |Dnajal heat otk proenT o oooos oy 00 0.015504 4.00 367

17 |Dnajad heat shock protein b...|G0:0031072 4.00 0.015504 4.00 3.67

18  |Ephx2 phosphoric monoes... | GO0016791 6.00 0.033600 4.00 3.00

19 |Ctdspl phosphoric monoes... | GO0016791 5.00 0.033600 4.00 3.00

20 |Dusp? phogphoric monoes...|GO001 6791 5.00 0.033600 4.00 3.00

1 |DuspB phosphoric monoes...|GO0016791 6.00 0.033600 4.00 3.00

22 |[Ephx2 hydralase activity, ac...|GO:0016788 4.00 0.048021 7.00 1.99

23 |Paldl hydralase activity, ac...|GO:0016788 4.00 0.048021 7.00 1.99

24 |Cldspi hydralase activity, ac...|GO:0016788 4.00 0.048021 7.00 1.99

25 |Acot? hydrolase activity, ac...|GO001678E 4.00 0.045021 7.00 1.99

26 [Hmaoxt hydrolase activity, ac...|GO:0016788 4.00 0.049021 7.00 1.99

Figure 4-32:

paths, for the purpose of comparing the potential significance between paths.

Under All genestab in GOFFA library

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

~> logPR (1.2)

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

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 or clicking on legends will cause areturn to
the Tree tab, which displays with clicked path highlighted in blue, see Figure 4-33.

In Figure 4-33A and B, the x-axis is the level of the tree (or called node), y-axisis 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 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 will cause areturn to the Tree tab display with the pathway nodes
on that line colored in blue, as shown in Figure 4-33C.

(‘Tree | Term Clustering | Al Genes | PPathPiot | =

biological_process
0.0

/ / \ 8

@ -20 / =
% Properties...
= .25
= Save as...
= .
5 30 Print...
&

35 Zoom In » Both Axes h

o ZoomOut ¥ Horizontal Axis

Auto Range | Vertical Axis
45 11
50
1 2 3 4 5 ] 7
Level

M Top1 B Top2 M Top3 Topd Top5 M Tops Tap? Tope M Top2 M Top10 ‘

(oo firerm clisesiog 1 e e [ Tree | Term Clustering | All Genes | P Path Plot |
biological_process | molecular_function | cellular_ |
— e CJall(z1 P=1.000000)
oo biological_process & [ binlogical_processi 4 P=0000453)
e ¢ [ molecular_function{21 P=0.001258)
as0 o= [ enzyme regulator activity(? P=0.006741)
s B [ transeription requistor activite(1 P=0@32842)
o o [ tranzlation regulator activity(l P=0.268815)
PEn o= [ catabdic activityi1 6 P=0.000196)
S F-00303383434086 43303 A P ¢ [CJtransporter activity(3 P=03256581)
;—% 7 Properties... ¢ [ amine transporter activity(? P=0.000508)
B 20 Save as... ﬁ'\‘*i\-\‘,_\w o= [ polyamine transporer activity'l P=0.018350)
B 22 Print... X M/A_‘ LN hy ¢ [ dopamine transporter activity{1 P=0000448)
250 Zoomin R’ Both Axes x‘ RNy [} dopamine:sodium symporter activity(1 P=0000448)
278 Zoom Out Axis o > o= -3 amino acid transporter activityl P=0.024483)
300 Auto Range ¥ Vertical Axis o= [ lipid transparter activityt! P=0.010015)
a8 o= [ neurotransmitler transparter activi] P=0.003366)
250 ¥ o= 7 arganic acid transporter activityl P=0.044712)
278 o= 3 carrier activity(2 P=0 54670)
1 2 a 4 5 & 7 8 0 o= [ hinding(12 P=0.001511)
— [y malecular_function unknowniz P=0.645009)
|i¥np| M Top2 W Top3  Topd | Tops M Tops I Top?  Tops M Topd M Topid - Ij cellular_component18 P=0.0000003

Figure 4-33: Top ten paths with lowest average P value

Under GO Tree Prune tab:
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Tree Term Clustering |/ All Genes r’GO Path r GO Tree Prune ‘

molecular_function r i ical_process rcellularicumpu ‘

Prune Tree

P<=|0.05 Node size >= |5 EValue >= |2 ‘ Prune Tree || Reset Tree || Clear lahels

Figure 4-34: Go tree plot

Thisisagraphic version of the Tree tab which isatree in text version. Each pie represents aterm.
Move mouse over a pie will show the term for this pie. Double-clicking a pie will bring the term to display,
and double-clicking again will hide the term. The user can also click “Clear labels’ button to hide al the
displaying term. The pie can be dragged to any designated place.

The user can prune the tree by setting some criteria, for example, p-value, E-value at the bottom of
the tree plot. The pruned tree can be further truncated to smaller tree. Clicking “Reset Tree” button will
bring the truncated tree back to the full tree.

4.9 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 4-35) 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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Chip | Comp on_ || Summary ‘ Genes ‘ | Proteins | ‘ Pathways | ‘ KEGG ‘ | PathArt | ‘ Ingenuity ‘ | Orthologene ‘
@Speciry Category for Array Type: = - .
o b | | Customize Table | Export ‘ More Info ... | | ‘ Link To ... | ‘ | D
ARRAYTYPEMAME MNUMBEROFSPOTS | VENDORNAME | CATEGORY DESCRIPTION CHAMNMNELS
2 NCTR customized T Fiters B
[% 1 Ratl.2 1185 CloneTech RAT cOMNA Expression Arrays| 1
) Affymetrix i GF200-ResGen 4760 ResGen HUMAN cONA array 1
O Agilent 3 GF300-ResGen 5760 ResGen RAT cONA array 1
) CloneTech 4 GF301-ResGen 5760 ResGen RAT cDMNA array 1 _
: 5 MCTR_RAT4K 1 4096 CloneTech RAT Oligonucleotide array 2
£ GEHC 1G |GF201-ResGen 5760 ResGen HUMAN | cDNa array 1
) MWG 7 GF202-ResGen 5760 ResGen HUMAN cONA array i
_) ResGen g Fhase-1RAT700 336 FPhase-1Tox RAT cOMA array 2
9 MCTR_MOUSESK 1 5376 CloneTech Mause Oligonucleotide array 2
SOty 10 UANMS_RATIOK_A 10368 CloneTech  |RAT Oligonucleatide anay |2
rSpecies " GF203-ResGen &760 ResGen HUMAMN cDMA array ]
) Human 12 GF204-ResGen a760 ResGen HUMAN cORA array 1
 Mutise 13 GF205-ResGen 5760 ResGen HUMAN cOMNA array 1
B L GFZ06-ResGen A760 ResGen HUMAN cONA array 1
©Rat 15 ChipScreen-Gs-Hurman 5064 ChipScreen  [HUMAN | cDNA array 2
) Others 18 GF302-ResGen 5760 ResGen RAT cONA array 1
Channels 17 MNCTR_MOUSESK 2 5376 CloneTech MOUSE Oligonucleotide array 2
gl il MCTR_RAT4K 2 4353 CloneTech RAT Oligonuclectide array |2
) O chatinel s MWGS30 1152 MG RAT Oligonuslectide anay |2
£ Two channels ifz0 STvd 17328 McClelland Lab|HUMAN | cDNA array 2
ArrayType iz Affy_RG_U43A 8836 Affyrmetriz RAT Qligonuclectide array |1
& Ogolarray 22 NMCTR_MWG_Mouse 20K 20160 MG MOUSE Qligonuclectide array |2
|22 Affy_HG-U1334 22500 Affyrnedriz HUMAN Oligonucleotide array 1
) cDMA array ‘23 Affy_HG-Focus 6836 Aftyretriz HUMAN | Oligonucleotide array |1
f: 25 Affy_HG-U133_Plus_2 54756 Affyrmetriz HUMAN Oligonuclectide array |1
‘|28 Affy_HG-U133B 22801 Affyrmetriz HUMAN Oligonucleotide array 1
f; 27 Affy_HG-U133A_2 22500 Affyrredriz HUMAMN Qligonuclectide array |1
28 Affy_HG-U854Av2 12769 Affyrmetriz HUMAN Oligonuclectide array |1
29 Affy_MOE430A 22801 Affyrnedriz MOUSE Oligonucleotide array 1
Library Messages: =1 a0 Affy_MOE4308 22801 Aftyretriz MOUSE | Oligonucleotide array |1 =
= 4] i | [»

Figure 4-35: Default display of Chip Search panel.

However, the user can also view the arraytype information for a particular array type (e.g. different

manufacture, species, number of channels, etc.) by specifying it under the (®) spectty Category for Array Type: Figure
4-36 displays all the Affymetrix array type. Double-click any one of the chip will bring out a spreadsheet
showing the detail of theindividual chip.

Chp | Compainen | Summary =
(T) Swucity Calegoey for Arriny Tye: . x -
- & | | Customize Tatte | Export More oo _ LinkTo _ | e
) WETR customized ARRATTIFENAME [NUMBEROFEPOTS. _VENGORNANE _|CATEGORY. _Gi [ BACKGROUSD,_CHAF
il 7 I  — .
1 ekt | | |
A z Ao Oligonucieatide sy |t 1 |
= hitymerix ] Ayt Oligonuctuctide sy |1 In |
Agilert - A Oligonucieatide aray |1 In |
AR 3 A Oligonucigotide aray (1 In |
e Afly_HG-LIG SR Amymite Dligonucigotidy sy |1 In |
GEHC r | Aty MOE& 308 Ay Dligenuchegtidy smay |1 | |
0 " Any_MOE4308 AmEhe: Oligonuciegtide smay |1 In |
Reafan " Ay Mousad3n 3 Ao Oligonucleotide smay |1 1 |
10 A Mousea30a_2 AmyEg Oligonuciootie smay |1 Jn |
il 1 Afy_MG-L7 40 ARy Oligonuctaotide smay |1 1 |
rSpoches — 12 Alty_MG-U7 8BV Atyenetric Oligonuctpatide array |1 I |
i 13 | AfY_MG-UTAC Anmt Olighnuciaatide smay [t Jn |
E 14 Afly_RAEZ30A Affrnrtte Oligonuciaatide amay [t 1 |
= 1. Ay RE-U3A Ay |Oligonucieatide amay |t I |
it Ayrnnric _Dlignnuciogtide amay |t 0 |
= Dthars _Afhymirte _Oligonucieatide amay |1 Il |
F— _Afheetic |Oligonuciectie sy |t n |
Aty Oligonuciaatide amay |1 1 |
e At [Oligonuciagtide sy |1 I |
Twie chanmsts Aty Oliganuclaatide sy |1 1 |
mirayType Afty_HOLIRGC CAffrmetic Olignnuciaatide anay |1 Ja |
Afty_HG-LIEE Ayt Oligonuciaatide sy |1 1 |
! AR e |Oligonuciaatids amay |1 [t |
CONE TRy Affy_HuGangFL Ayt _Oligonuciantide smay |1 [ |
Aty Mu? 1 Ksunk Ayt _Dligonuciectide sy |t 0
Afty_Mut 1 KsubR i Oliganuciaatide snay |1 Jn
Afty_HT-HG-L1 34 At Oligunuciantide sy |1 0 |
Afty_Mu K EunA | Ay Oliganuciaatide sy |1 1 B
Afty_Mu1 BKsubR | P4 et Oligonuciaatide anay |1 In
Afty_Mu1 ksunc [7oaz et Oligunuciactide smay |1 Jn
Afly_RafTosx |za01 Ay |Dligonucieatide sy [t n
Library Messages: = Affy_Flasmodim-Ancprsies |73TER Ay _Oligonucianlide smay |1 |1
afly_HT-Ra-Forus JETEI) Ayt | Dligonuciectide amsy |t n
Afty_Caninad 43035 |afymetic Oliganuciaatide smay |1 n
Ay MoGana-1_0-stvi [3ss19 Ayt Oliganuciantide sy |1 0
Gl Ay Ragans-1_0-stvi Ame Dlignnuelantide sy |1 n
2] Ay WT_HO-U1 138 |22885. Aty Oligonueiaotide sy |1 Jn |
e a.q_g.mﬁau-l gty L3287 - AMTOEEL ~Olinonuciealids aray._ 1 k1 ; x

Figure 4-36: Display al the Affymetrix arraytype.
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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 “VennDiagram” button,
then decide the common ID for the two array types. The Venndiagram will show in a separate window, see
Figure 4-37. By selecting any part of the Venndiagram and right-clicking, the user can save the image,
change the color, and see the original datafor overlapped genes.
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Figure 4-37: Overlapped gene list between Affy_HG_133A array and Affy_HG_133A_2 array.

If the user want to see some specific genes for an array type, she/he can double-click the array type
in the Chip Library, then highlight those genes and right click (Figure 4-38) and choose

@@ Mark selected spots in 0pen Viewers 1pq pighighted genes will be marked in the pre-opened array viewer,
see Figure 4-39.

[ Chip Library
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S Fitter> =]
h MCTR_RAT4K 1 Block1-Column:1-Rowl  |OR0O546 M17701 Gapd Glyceraldehyde-3-phosp =
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Figure 4-38: Choose specific gene records to be marked in the viewer

65



ArrayTrack 3.4 User’s Manual

L] ArrayTrack - FDA network

Center for ToxicoinformaticsNCTR/FDA

Database Library Tool Export Help

@ D:

R car =t
{% ArrayType Information

EE; Database Contents
§ ® ANONYMOUS
@ 3 Dermo-NCTR
@ [ Gignificant Gene List
o B NCTR-Mousesk-2 good
& BB NCTR-Mouseskl
o BB NCTR-Mouse_20k

4
3 E Virtual Array Image for NCTR-Rat4k-1 top

-

Spots Options view
Bright [ 'O: _
Fold Change>= 1 0 1152253354455
Zoam 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

GENEBANKACC: X70871 Mfr: ORD753; cyclin 61

¢ BB NCTR-Ratdke1
@ B «top= ard70_2002-07-1
q Marmalized {Chann
MNarmalized {LOWES

& Marmalized {Taotal In|

MNarmalized {GeneP

Narmalized (GeneP

B] Maormalized (LOWES

B <tmp= ard1607_ard70_|

o [BE wicr2_agilent

@ 3 Dermo-two channels

- 3 Derno-one charnel
@ T3 Demo-Affymetrix

& Gene Library

';2 Pathweay Library
B3 Pratein Library

@ Tool
B> Channel Sealing |Z| i

Figure 4-39: the marked genes chosen in the Chip Library

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

(I chin_| comparison | Summary ) the right panel will show the array types grouped in different categories. For
example, if the user wantsto see al the Agilent array types, she can select “ Agilent” in the Manufacture
frame, and the right panel will list only Agilent array types.

4.10 Toxicant Library

Toxicant Library contains toxicological data and chemical structures (Figure 4-40). The result
table shows all compounds in the Toxicant Library, one compound per row. The structure 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 4-40).
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
availablein Toxicant Library.

By clicking the “Edit” button, the user can edit the chemical structure (e.g. adding functiona
groups, changing atoms, etc). Structure editing is done similar to with ISIS draw software, see Figure 4-43,
using pull down menus, icons and options available by left or right-clicking the chemical structure.
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Figure 4-40: Toxicant Library panel.

many compounds and pathway information have been found, see Figure 4-41.

e Compound Pathway(rno)

CAS MAME

Pathia

Categary

75-07-0 Acetaldehyde; Ethanal

Glycolysis [ Gluconeogenesis(rno00010)

(Carbohydrate MetabolismMetahalic pathway

75-07-0 Acetaldehyde; Ethanal

Benzoate degradation via hydroxylation{rmo00362)

Biodegradation of XenobioticsiMetabolic pathway

75-07-0 Acetaldehyde; Ethanal

timinophosphonate metabolism(rmo00440)

Metabalism of Other Amino AcidsiMetabalic pathwar

107-29-9 Acetaldehyde oxime, Acetaldoxime; Aldoxime

Cyanoamino acid metabaolismirmo00460)

etabolism of Other Amino Acids/Metabaolic pathay

75-07-0 Acetaldehyde; Ethanal

Glycerolipid metabolismirmo00561) |'\§

Lipid MetabolismiMatabolic pathway

79-07-0 Acetaldehyde; Ethanal

Pyruvate metabolism{rmo00&20)

Carbohydrate Metabolism/Metabolic pathway

75-07-0 Acetaldehyde; Ethanal

[Tetrachloroethene degradation(rno006245)

Biodegradation of XenohioticsiMetabolic pathway

75-07-0 Acetaldehyde; Ethanal

Fluorene degradation(rmo00628)

Biodegradation of XenohioticsiMetabolic pathway

75-07-0 Acetaldehyde; Ethanal

Ethylhenzene degradation(mo00&42)

Biodegradation of XenohioticsiMetabolic pathway

[l

[*]

Input compounds = 30, 2 compounds found, 28 notfound, Total 8 pathway maps

Figure 4-41: Compound pathway

In Figure 4-41, click any record will bring up the pathway map. See Figure 4-42.

67



ArrayTrack 3.4 User’s Manual

Center for Toxi

Ktcc Pyruvate metabolism - Rattus norvegicus

coinformaticss NCTR/FDA

Help
[ LinkDB search | Ortholog table | Pathway menu ]
Rattus norvegicus v current selection  Select
Lactaldehzde
i TS — pa
e taholism “
PYRUVATE METABOLISM I —— =0 \\
Glycerons-F ~
— izl
I I ethylglvoxal
| ENEE] R—
dicarboxylate
el | 7]
41131 | b—Tarrm——o0
41.132 {7
41138 ) 4117
41149 (" Phomhoenck o 2122
2701|270z PR 2-Hylroxywhylens-
l—“—‘ dicarboxylate
11128
[z7.140] [EREL)
1124
Valine, Leucine and |
Tzoleucine Biosynthesis - Pynuwae [r1es]
S
S‘“‘/ 1.1.2.3
Oe\ 11127
11937
Mzz2l
{1222}
Ta1il Acgyl'l’ 27212
113124
12151 1241 2721
LB [12as]| [23112][18.14] L2rzi]
11140|[4113 S = - 3617
23154
6211 o=zl [z
Formate Acetyl adenylate O
—— O Oxaloacetate 3121 cetat
‘(’ | y 4 283l i
i | Gvorylae 621.13 1299312908
| T11e7] |\ metwbolism
‘ | - A O 12.1.10
} & [T123] [l I ACEWI-CoA} L | — Acatalds byl
— —f==| Faity acid biogFntheziz (pathl
[ g——— | Pmp]ﬂ)miﬂ(e ] 3 Futheais (pathl)
||, metabolism | metabolism o
| _J —t=[ Fatty acid biosynthesis (pathz)
| o3=—=—— 53331 PYRE o ——___ o] CBranched dibasic acid
I . L-Mala® [ EREES) Sl Sy e tabolizm

Figure 4-42: Pathway map

“a’ ArrayTrack Molecule Sketcher

3]
Help

DEBla S/ Amwa-188¢ La ASOHOOOO
.-:.‘_“:,///‘“'QI
& !
Select | CASH1ING | &

Figure 4-43: Molecular structure editing

4.11 EDKB Library

The EDKB Library contains chemical structures and endocrine activity properties of compounds
tested in severa 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 4-44). 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 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
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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 nameis 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
4-44). 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 datafor 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 4-45).

Figure 4-44: EDKB Library panel.

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

¥ Testosterone,6.beta. fluoro. propionale

BTRUCTURE: CAS: NAME & SYNONTMS
5 1 53.36-1 Te:l lllllllll B bets -Nugro- | propionate
m
NCI-No
48985
}-Z

MOL-WEIGHT- FORMULA SOLUBILITY

372508 £23H3204
GRAPHIC ACTIVITY PROFILE
B ATV B | Epne | AssawyType | EndPaintvale | ActwiyCategory | Reterence
3»- Wivh pobansy Exp it Lherotrophic Assay LogRP=-10000
1

ol

Figure 4-45: Individual compound information

For more information about EDKB (Endocrine Disruptor Knowledge Base), please visit
http://edkb.fda.gov/.
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4.12 ID Converter

ID Converter isavery useful tool for converting one kind of 1D to another kind for searching. The
user can activate ID Converter by clicking theicon " inthe Library panel, see Figure 4-46.
@ Librany
WK ID Converter
% Gene Library
ﬂ Pathway Librany
@ Frotein Library

imi 1P Library
B Orthologene Library

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

Figure 4-46: 1D Converter in Library panel

Oncethe ID Converter is activated, the user can choose the ID type to be converted and select the
species (Human, Mouse, Rat). Thereis aradio button labeled “ official name only” under the species option.
If thisradio button is checked, the output will only display the official name without any synonyms or other
unofficial name. The user needsto type/paste the ID in the left panel, then choose the output 1D type and
click Convert button. The converted results will be shown in the right panel. See Figure 4-47. The user can
highlight the searched results and click the library buttons (Gene Library, Chip Library, etc) at thetop to go
to different library directly.

ﬂ Id Converter El@@
@ Step1: Specify input ID type : : | £ Genes | | [ proteins | ‘ % Pathways ‘ IEI | ipi ip1 | ‘ (%) Orthologene |
e o More Info ... Link To ... |Se|e|:t one -- |v| | [ Help |
Select. 2 [} GENENAME-LOCUSID ' i o
GENEBANKACC 3
GENENAME : & | I[ Exportrabie
ES;EE:JDROLENTRVJAME | |l #&r  |sEnEnawE[Locusio
SWISSPROT_ACC_NUMBER | || [ Filter= -
UNIGENEID 1E A1BG 1
aiyiD <] | AN 2
B il AIMP 3
AaMP i B AREP 1
MATT i s AADAC 13
MAT2 L e AANP 14
al e AANAT 15
1 & AARS 18
or specify input file {txt file) : 9 ARSI 17
i o ABAT 13
] 4 i ABCAT |19
i k2 ABCA2 20
i ks AT 6530
1 e NAT1 10991
o ke MAT1 3
(3) select output ID types | Iz AT p—
1 e NATZ 10
|LOCUSID |v‘ i e SERPINAZ |12
@ Lemm ] | [

Figure 4-47: 1D Converter tool
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The ID typesthat ArrayTrack accepts are: Gene Bank Accession Number, Gene Name, Locus 1D,
Swissprot Entry Name, Swissprot Accession Number, Unigene ID, Affy ID, Image ID, IPI name.

The ID typesthat ArrayTrack can convert are: Locus ID, Gene Name, Unigene ID, Swissprot Entry
Name, Swissprot Accession Number, 1Pl name, Enzyme Number, Image 1D, Reference sequence number,
Protein reference sequence number, Affymectrix ID and Agilent ID.
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Chapter 5 Working with Tools: Quality Control

5.1 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
(Figure 5-1A) or Tool pull-down menu (Figure 5-1B).

}T::;m Ly ArrayTlrack Testing
7 T-Test
AE Ao Database Library Export Help
I P-Value Plot
iE:;I\Ce;alrchlcell Cluster Analysis @ %% New E» Visualizations ]
= ntsans --_I— Quality-Control  »
el uaity Toos = Database Cont
% Quality Cantrol &
. oualiy Filtering T 'ﬂ' ’;EE_P;MOUS Analysis k| Total Intensity Norm.
orrmalization Methods & - - - - -
m‘m. oy e L g CAD File-Manipulation »| MeanMedian Scaling
: ;”e‘:‘n::;z;;':::;ﬁ;g o CORHTRAINIY Get Unigue ID GenePix Mean Log Ratio Norm.
: erePean Log et torm & ¢ CHUNYU_LILL preferences.. Linear&Lowess
B2 Refvg Comp : g SEEESAPPAI\ Ref Avg Comp
B quantile
? F'Ptrcefnme Scaling [ F EP.‘E‘. Qual’ltile
ﬁgusa!::;rnp?;m & ¢ FDATRAINING Percentile Scaling
 iced Sestiomit o § FEDERICO GOODSAID
JM?:L: o o & FOIAN Convert affy celfiles to probe sets

Figure 5-1: Access Tools from Tool panel or from Tool pull-down menu

From Tool pan€gl

The TOOL functionalities are classified into four categories: Quality Tools, Normalization
Methods, Analysis and Visualization Tools. As has been pointed out earlier, these tools can also be
accessed by right-clicking on selected array data sets (see Figure 5-2).

% CJ Demo_Zchannel
¢ BB Drugt_250_1_S0513 50513[Cya] | reference[Cy3]
¢ HH rawiDrugl_250_1_50513
[ LowESS, ri=3 sh=Y d=

o BB Drugt_250_2_50514 50514]
¢ BB raw{Drugl_250_2_50514
[ LOWESS, ri=3 sb=Y d=

o BB Drugt_250_3_50523 50523
¢ B raw{Drugl_250_3_ 50523
[ LOWESS, ri=3,5h=Y.d=

o BB Drugt_250_4_S0524 50524]
¢ B rawiDrugl_250_4_ 50524
[ LowESS, ri=3 sh=Y d=

¢ BB Drugtl_250_5_S0540 50540
¢ BB raw{Drugl_250_5_50540
[ LOWESS, ri=3 sb=Y d=

o B Drugt_500_1_50515 50515

View data set(s) as wide spreadsheet - datasets side hy side
Export »
Scatter plots for data

Mixed scatterplot

MA plots for data

Virtual array images for data

Actual array images for data <<Dev. Only>>

Rank intensity plots for data

BarChart

Create gene list by data filtering...

Analysis

¢ HH raw{Drugl_500_1_S0515
[ LOWESS, ri=3 sh=Y 0=

o BB Drugt_s00_2_50516 S0516]
¢ B raw{Drugl_500_2_S0516
[l LOWESS, ri=3,sh=Yd=

o B Drugt_s00_3_50525 50524
o FA rawfMrnml AON 7 BNA7E

Quality control panel
gf% Quality filtering

Spot presence counts by sample...

Normalize...

Duplicate data sets

Copy data sets for pasting elsewhere

Studies k
Tree options...

Figure 5-2: Quality Tools can also be accessed from right-clicking on selected array(s).
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Quality Tools is discussed in this Chapter; Normalization and Visualization are discussed in
Chapter 6 and Chapter 7, respectively.
From Tool pull-down menu

From Tool pull-down menu, the user can also access these four tools plus some other miscellaneous
tools. These tools include Split File, Combine Files and set preferences for HCA and PCA. These
miscellaneous tools will be addressed in Chapter 9.

¢ ArrayTrack Testing

Database Library TnuI|Expurt Help

i @ %{% New E Visualizations » |

= Quality-Control ¥ g% Quality Control for Genepix style data %
EE% Database CoMe  normalization  *
AROMYMOLIS

o - i
Analysis »

o= % CAD s

o T == Preferences...

o 'u\ FOATRAIMNING Split File

T FEDERICC 51 combine Files

FOIAN :
o @ 0. AKERman | GetUniquelD

Figure 5-3: Accessing Quality Control from Tool pull-down menu

T

5.2 Overview of Quality Control

Quality Control provides various visual plots and numerical parameters for measuring the quality
of 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.

5.3 Launch of Quality Control

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. A Quality Control panel will be
launched for each of the selected arrays, see Figure 5-2.

From the TOOL Pandl: If Quality Control is launched from the TOOL panel (Figure 5-1A), the
user is asked to select array(s)/hybridization(s) for Quality Control view from a list of hybridizations
(Figure 5-4), 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 clicked.

Q‘j Choose Data Source g‘
@ Select data source type: (®) datahase
@ Choose data type: ® raw data ) normalized data

@ Select one or more datasets (rows) helow:

57|~ (1) Exp[ = (2) Hyb name| Description] Label 1 |Sample 1] Lanel 2 [Sample 2] Raw data id] OWNERIC
SF Filter->

1 70594 H10 tap Cy3 K4 cantral Cya Universal 1207 JFUSCOE

2 7054 H10 bottam Cy3 K4 cantral Cya Universal 1208 JFUSCOR
2 094 H11 top Cys K4 control Cy3 Universal 1210 JFUSCOE
4 T094 H11 bottom (%) 14 control Cy3 Universal 1212 JFUSCOH
5 T0s4 H12 top Cy3 K5 control Cya Universal 1215 JFUSCOH
5 T0s4 H12 bottom Cy3 K5 control Cya Universal 1216 JFUSCOH
7 T0s4 H13 top Cyh K5 control Cy3 Universal 1219 JFUSCOH
5

7034 H13 hottarm Cyh K8 cantral Cy3 Universal 1221 JFUSCOR
il 70594 H14 tap Cy3 K33 treate Cva Universal 1223 JFUSCOR

10 7054 H14 bottam Cy3 K33 treate Cya Universal 1225 JFUSCOR
11 7054 H15 tap cva K33 treate Cy3 Universal 1233 JFUSCOR
1z 7094 H15 bottom Cys £33 treate Cy3 Universal 1234 JFUSCOH
13 084 H16 top Cy3 K34 treate Cya Universal 1229 JFUSCOH

T094 H16 bottam Cy3 K34 treate Cya

Universal 1230 JFUSCOR

@M .Cancel
Figure 5-4. Select arrays for Quality Control view
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From the TOOL Pull-down Menu: When Quality Control islaunched from the TOOL pull-down menu, a
Quality Control view will be opened for each of the currently selected arrays under the MicroarrayDB
Contents tree structure (Figure 2-43C). However, if no array is selected under the MicroarrayDB Contents
structure and the user tries to launch Quality Control from the pull-down menu, awarning is displayed
(Figure 5-5).

Choose Data Seis

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

Figure 5-5: 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.

5.4 Contents of Quality Control View

Figure 5-6 and Figure 5-7 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 has the options of background subtraction, showing
flagged spots, and switching between Scatterplot and MA Plot. Details about Scatterplot can be found in
Chapter 8.

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 acommon mean. Details about Rank Intensity Plot can be found in Chapter 8.

Quality Control Parameters. Various quality control parameters are shown in the middle of the
panel (Figure 5-6 and Figure 5-7) 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 aso shown if they were entered in the Input Form (Figure 2-1) when loading
datato 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 5-6 has a much higher signal-to-noise ratio than the one shown in Figure
5-7.
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{l Quality Control
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Med % > B+1SD 100.0% 100.0% = (90 L3 PASS PASS
}Eamre war 0.27 0.30 | < (0.8 PASS PASS
By var 0.26 032 < (0.9 PASS PASS
Sat spots 0.02% 0.57% < |01 % PASS
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Naotes from hyh form (read-onfy)
QC Notes for RNA QC Notes for Hyh QC Notes for Label
Universal Rat RNA E f‘ f‘
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Last Saved
‘ (1 Pass ) Fail )Review @& None | Wy

Figure 5-6: Quality Control view and parameters — a successful hybridization with much higher signal-to-

noise ratio.
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Figure 5-7: 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 5-8). Save as image alows 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 8
on Visualization.

g E

il quality Contro

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

”ata from file ard1180 2003-09-17- H10-1st scan top.anr ton ¢ hvb: H100)
Figure 5-8: Functional options available within the Quality Control view.

5.5 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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5.5.1 Launch of Quality Filtering
Quality Filtering is launched in asimilar way to launch Quality Control.

5.5.2 Contents of Quality Filtering

Figure 5-9 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 criteriain the text box in each section, the filtered spots will be marked with the corresponding
color in the viewer (Figure 5-9).

(= OF: NCTR-Mousesk-2 good reflag(fp<80|sn<3{f>60000) hottom o E [E
NotIdentified Un-Detected

F pixels < |80 3 o3 G0000 | Cy3

829 spots (F-B)BSD < & F> &

F pixels = 27 |—3 oS ’—EDDDD oS

385 spots (00| ) oo
Zet as exp defiolts F[l12c|1l70] - B[5Z]63] F = [135]170]
= [10_.Z3]1.9E]
[ Apply BSD[14]E5]

Spots | Options  view

Mark Remaining Spot:

Mark Flagged Spots

Clear All Marks

Search for genes...

Marked spots » EH Spreadsheet data
lill BarChart
= Marked in new scatterplot
& Mark in other viewers (of same array type)
Mark duplicate genes
Libraries

Figure 5-9: Functional options available within the Quality Filtering view

In Figure 5-9, the user can set the criteriafor filtering the spots that s/he can define as “ Not-
Identified”, “Un-Detected”, and “ Saturated” . After typing the numbers in the white boxes for filtering, click
“Apply”, then the spots that meet the criteriawill be marked in the corresponding colors. For example, the
spots marked in grey color meet the criteria that the user set for “Not-Identified”; the spots marked in blue
meet the criteriafor “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.
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Functionsfor Quality Filtering: For marked spots, the user can do further searchesin the other

libraries by clicking Spots > Marked spots > Libraries, or the user can paste them in spreadsheets and/or

export, see Figure 5-9.

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 5-10.
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0o
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Figure 5-10: Toggle the tool bar about spot information.

Thefiltered data can be saved as new dataset by clicking the button “ Save as new dataset”.

78



ArrayTrack 3.4 User's Manual Center for ToxicoinformaticNCTR/FDA

Chapter 6 Working with Tools: Normalization

6.1 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 6-1).

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

] ArrayTrack Testing @ Tool
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L —_— o § FOATRAINING Percentile Scaling B Quantile
Tuglicatn data s o FEDERICO GOODSAID . .
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Figure 6-1: Several 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 atable 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 6-2).

@Chnnse Data Source @

@ Select data source type: f ® database
@ Choose datatype: (® raw data (' normalized data

@ Select one or more datasets (rows) below:

|__Query A Exp | & Hyvh name \ Description | Label 1 | Sample 1 | Labelﬂ Sample 2 \ Raw data id \ OWHNERID \ u
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118 Demo-Afymetrix  Afly_RG_U34A-RT In Biotin |sample A 1588 ANONYMOUS

118 Demo-Afiymetrix | Afly_RG_U38A-R2 Ir2 Biotin | sample B 1580 ANONYMOUS

120 Demo-NCTR NCTR-Mousesk-2 good  hottom Cy3 sample A Cyd sample C 1570 ANMONYMOUS | |2
121 Deme-NCTR NCTR-Mousesk-2 good  top Cy3  sampleA  Cy§ sampleC 1569 ANONYMOUS |
122 Demo-NCTR NCTR-Mouseskl bad  top Cyd  sampleA  Cy5 sampleC 366 ANONYMOUS |
123 Demo-NCTR NCTR-Mouseskl bad :hnﬂnm Cy3 sample A Cys sample ¢ 367 ANONYMOUS |

124 Demo-NCTR NCTR-Ratdke1 [top Cy3  |sampleA |Cy5  |samplaC  |1607 ANONYMOUS |
125 Demo-UAMS Maize  |UG1-2 |ug1.2 oya |sample & |Cys sample B 1605 ANONYMOUS |
- ] ol ]

@[ ox | caca
Figure 6-2: Normalization method appliesto a set of selected arrays.

In our experience, however, the user is more likely to use the Database Contents tree (see Figure
2-43. for details) to select a set of arrays on which a particular normalization method 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 6-3). By right-clicking on any of the selected
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raw arrays, a set of functions including Normalize... can be applied (Figure 6-4) and the user can choose
one of the four normalization methods (Figure 6-1C).

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 dataor anyone else's normalized data.
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o [J Derno_2Zchannel
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o= ® FEDERICO GOODSAIl Tree options... H

Figure 6-3: 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 6-4: 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 datain MicroarrayDB.

6.2 Lowess

Lowess (Loess) refersto Locally Weighted regression and smoothing scatterplots proposed by W.S.
Cleveland (Cleveland, W.S. (1979) “Robust Locally Weighted Regression and Smoothing Scatterplots,”
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Journal of the American Statistical Association, Vol. 74, pp. 829-836). Lowess combines the smplicity 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 6-5).

E LOWESS v

| subtract backgrounds iYas |‘ \

For 2 channel data only smoothing factor 02 |

robustness iterations 3 |
delta |

The Lowess normalization method performs a robust locally weighted regression on the log ratio
(M) vs. log geometric average (A) spot data, using each spot's locally estimated M value for spot by
spot correction of log ratio valies. Thus the Lowess method differs from many other normalization
technigues because it is able to correct intensity (A) dependent ratio hiases in an intensity-specific
way. Visually this amounts to "straightening out" a curved A-I plot.

When the final local regression estimate Mfit of the log ratio has been calculated for a spot having .
channel values cl and c2, the corrected ratio c1'Yc?' is determined by

loglelVed) =loglclicd) - Mfit
(fitted M value become new zero point of M values o this avg intensity)

which we can rewrite as

c1¥62' =(cl/c2) * LML)
(where b is the logarithm base for computed M-values)

To present this correction in two channel format, we spread the ratio correction factor reciprocalty
to both chammels, so that the same ratio correction is achieved:
cl' = cl*sqr LA M1ty

2" = ¢ Vsqrt( 1/ At -

Filters
Gene List: Include only spols with genes in genelist | <all genes> |

11—
0K H Cancel |

Figure 6-5: 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. Visudly, 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 cl and c2, the corrected ratio c1'/c2' is determined

by
cl cl .
log(—) = log(—) — Mfit
g(cz) g(CZ)

(fitted M value become new zero point of M value at this average intensity)
which can be rewritten as

cl cl, 1

c2' (02) pM™

(where b isthe logarithm base for computed M-values)
To present this correction in two-channel format, we spread the ratio correction factor reciprocaly to both
channels, so that the same ratio correction is achieved:
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"~ [ 1
C1: W

, [ 1
c2'=c2 W

There are three parameters that need to be set for a Lowess (Figure 6-5).

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 afraction 0 < f <=1 of the total number of spotsin 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 liein the middle of arun 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 al 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 Iterations. 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> O will let the algorithm skip over A valuesthat are closer than deltato 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 O is the most accurate but slowest setting; it means that the
regression is done for every A valuein 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 6-5.

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

shows the Lowess fitted values, Mfit.

6.3 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 channél’sintensities, optionally subtracting backgrounds;,

2) Letr betheratio of these sums, i.e., r = (sum chl vals)/(sum ch2 vals);

1
3) Scalefactor for first channel is — and Jr for channel 2.

Normalized data are permanently saved in MicroarrayDB and have the following properties:
1) Ratio of intensity sumsfor the two channels computed for the normalized data should be 1.0;
2) Each spot is adjusted so that the ratio of channel valuesis 1/r timesit's un-normalized value.

Jr

The effect of Total Intensity Norm is the same as mean intensity normalization.

6.4 Mean/Median Scaling

Mean/Median Scaling applies to both one-channel and two-channel platforms and adjusts each
channel’ sintensity values according each Median, Mean, and user-specified Target Value (Figure 6-7). It
is accomplished by multiplying each intensity value by T/m, where mis 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.

Select Normalization Method

=]

MeanMedian Scaling

sublrac backgrounds — Yes -
scaling Median -
rargat valug 0.0

Mean/Median Scaling Normalization

Method (for either 1 or 2 channel data)

® Didegly sach valae by T/m where m &2 the mean or median of the channel data and T 2 the
Largel sneyimedin value option (Sefil is 1000). Chammels are scabed 3qazately in the case
of two channd data

Properties

® Mormatized chimel data will bae 4 msmfinedion matching the g vabus option

Filers

Gana List: Inchude only Spots with genes in gens list | <all genas>

oK cancsl

Figure 6-7: Channel Scaling normalization.
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6.5 GenePix Mean Log Ratio Normalization

GenePix Mean Log Ratio Norm. only applies to two-channel platforms (Figure 6-8). The
following steps are involved:

1) Compute channel ratios after respective background subtraction if specified (it doesn’t matter
which channel isthe 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) Takelog 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
5) Scale factor for numerator channel is — and \/F for denominator channel (applied after

Jr
background subtraction, if specified).
After normalization, the average of the log of channel ratios is O, corresponding to r = 1.0. Each
spot value is adjusted such that the ratio of channelsis 1/r timesit's un-normalized value.

Select Normalization Method @
@ GenePix Mean Log Ratio Norm. |v |
Method (2 ch only) IYBS ‘ jJ
ratio limit 110.0 |

#® 1) Compute channel ratios after respective background subtraction if specified (which channel
is the numerator vs which is denominator doesn't matter.)

# 1) If the exclude ratio limnit pararneter M has been specified non-zero, then spots are ignored
whose ratios don't lie between 1/ and M

# 7) take log of remaining ratios (base doesn't matter, will cancel out)

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

# 5) scale factor for numerator channel is 1/sgri(r), for denominator channel is sqri(r) (applisd
after background subtraction, if specified)

Properties

® After norroalization, the average of the log of channel ratios is 0, corresponding tor = 1.0
#® Each spot vale is adjusted such that the ratio of channels is U times it's unnormalized value

Filters

Gene List: Include only spots with genes in gene list | <all genes> |

o] (e

Figure 6-8: GenePix Mean Log Ratio Normalization

6.6 Linear and Lowess

This normalization method is the combination of Linear and Lowess. First, values for each channel
are multiplied by T/m where mis the mean or median of the channel dataand T is the target mean/median
value option (default is 1000). Then a Lowess hormalization is performed on the resulting scaled channel
data. See Figure 6-9. At the right side of the window, there are three pull-down lists | etting 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.
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Select Normalization Method E|
E Linear&Lowess | B ‘
. . . subtract backgrounds 'Yes |v
Linear&Lowess Normalization Sinogihky Tt i
robustness iterations 3
Method (for 2 channel data only) delta
scaling Geometric Mean
® First, values for each channel are multiplied by T/m where m is the mean or sl pe—
tnedian of the channel data and T is the target mean/median value option (default is LA e —
1000). include flagged spots for scaling No -

® Then a Lowess normalization is performed on the resulting scaled channel data

Geometric Mean |T\I

Filters ]

: : : : Median
Gene List: Include only spots with genes in gene list

Mean

it Geometric Mean

Figure 6-9: Linear and Lowess Normalization

6.7 Quantile Normalization

This normalization is for one channel data only.

IEI Quantile | - |

Quantile Normalization sutract iackgrounas  (ves 1Y
include flagged spots Yes -
Method (1 ch only)
mean type arithmetic |+
Al datazets are first sorted by ascending intensity value, after removing flagged walues if the option is set to geometric
exclude thern, All datasets are then trimrmed to the length of the shortest dataset involved, by trimrming the arithmetic

smallest (front) values from each. Then the least (front of list) walue is taken from each dataset, and the
arithrrietic or geotnetric mean of these least walues is written as the normalized intensity walue for each of the
front spots. Thus the same normalized intensity value is written for each dataset, howewer the spot (gene)
that this intensity walue is written for depends on the dataset. This process is repeated until the end of the
datasets are reached.

Properties

# Each dataset normalized together wia quantile normalization will have the same set of output intensity
values.

Filters

Gene List: Include only spots with genes in gene list

Figure 6-10: Quantile normalization

All datasets are first sorted by ascending intensity value, after removing flagged values if the option
is set to exclude them. All datasets are then trimmed to the length of the shortest dataset involved, by
trimming the smallest (front) values from each. Then the least (front of list) value is taken from each
dataset, and the arithmetic or geometric mean of these least valuesis written as the normalized intensity
value for each of the front spots. Thus the same normalized intensity value is written for each dataset;
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however the spot (gene) that thisintensity value is written for depends on the dataset. This processis
repeated until the end of the datasets is reached. An example of the Quantile normalization is as following:

Sort each column of original matrix

Take average acrosstherows

Set each valueto corresponding row average

Unsort columns of matrix to original order

6.8 Reference Average Comparison Normalization

Select Normalization Method

1535 1115
2167 2226
=
3226 3537
4618 4668

2 2 2 2
3 3 3 3
45 45 45 45
6 6 6 6

2 45 45 2
3 2 645
453 3 3
6 6 2 6

&

E Ref Avg Comp

[~

Reference Average Comparison Normalization
Method (1 ch only)

The normalized intensity I' is given in terms of the original intensity I and the reference intensities R(k) by
I'=I/4q

where
o = [RiL)*R(Z)%...% R{N)}~(1/N) is the geometric mean of the reference intensities

Properties

# logi1" =log(I) - Avgllog(R(k)))), where Avg is the usual arithmetic average,

e

include flagged spots m

Hilight Reference Data Sets (Use Shift andior Control keys for multiple selection)
Affy_Rat_MAS5_only/D0_T12_B_a[r10649]
Affy_Rat_MAS5_only/D0_T12_B_b[r10650]
Affy_Rat_MAS5_only/D0_T12_C_a[r10651]
Affy_Rat_MAS5_onlyD0_T12_C_b[r10652]
Affy_Rat_MAS5_only/D0_T12_D_a[r10653]
Affy_Rat_MAS5_only/D0_T12_D_b[r10654]
Mfy_Rat_MAS5_only/D2_T12_B_a[r10655]

[_] Exclude reference datasets from being normalized

Filters.

Gene List: Include only spots with genes in gene list

Figure 6-11: Reference average comparison normalization
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Reference average comparison normalization only appliesto one channel. In Figure 6-11,
users need to choose the hybridizations for normalization. The “all genes’ button allows the user to
include only spots within the gene list for the normalization.

Warning

Although different normalization methods can be applied to the same raw data, the user should
apply the same normalization method to al 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 near mean zero and variance one) before being systematically compared and
analyzed by other data analysis software, depending on the particular analysis methods.

87



ArrayTrack 3.4 User's Manual Center for ToxicoinformaticNCTR/FDA

Chapter 7 Working with Tools: Analysis Tools

7.1 Overview

The analysis tools can be accessed within the “Tool” window (Figure 7-1A), or from tool menu
(Figure 7-1B), or from database with data selected and right-clicking (Figure 7-1C). Analysistools are
provided to perform eight mathematical/statistical operations: 1) T-test, 2J ANOVA, 3) P-value, 4)
Clustering, 5) Principal Components Analysis (PCA), 6)Correlation matrix, 7)SAM, 8)K-Means.

Database Library TooI|Export Help

g\ ‘%%NEWE Visualizations  }
A b s Quality-Control  » B

Tt e R T R A T A T R T R T A T A R T R R A T e T R T R B AT T T T A T : QEE%YMOUS Normalization ]
@ Tool - & CAD Analysis ¥ /A T-Test/ANOVA
; o CORHTRAINI File-Manipulation » SAM-Test
_ﬁl/’ Analysis o CHURYL_LIL h B
Get Unique ID ¢& R-Interface
ﬁ T-Test o M DARASAPPA
-les o~ DEMO Preferences.. | ¥  T.Test with custom data options
‘ﬁ‘ AN A : EgiTRAIN\NG £ ANOVA with custom data options
P-"-.-"EI|UE le 5 FEDERICO GOODSAD rﬂ; Hierarchical Cluster Analysis
. . . o M FOIAN #»  Principal Component Analysis
rﬁ'F:\; Hierarchical Cluster Analysis o~ § G AKERMAN 33 Support Vector Machine
o o HAN —
. s PCA - ® HONGFANGTEST i K-Means
T M ANOMYMOUS
¢ [T Affy_Rat_MASS_only
o~ [ Gene Lists C
o W™ D0_T12_E_a DO_T12_B[Biotin]
¢ B mMAss{D0_T12_ AR R
[ Meanmiedian B View data set(s) as wide spreadsheet - datasets side by side ] =
+ B oo_T1z_B_bDO_T1 Export »
v B %55 {D0_T12_B Convert affy cel files to probe sets
L Mean/Median #F  Mixed scatterplot I
+ B oo_Tiz_c_apoTi
o BB MASS{DO_T12_0 m Virtual array images for data
[ meanmedian B Actual array images for data <<Dev. Only>> Nl |
¢ B D0_T12.C bDO_TI S Rank intensity plots for data
7 B mass{D0_T12_0
[ Meariiedian| Bl BarChart nl
+ W Do_T12_D_aDO_T Create gene list by data filtering... i
¢ H nﬂss {DO_T12.0 Analysis ¥ 0 T-Test/ANOVA
[ MeaniMedian Quality Control ' sam.Test
+ W Do_T12_D_b DO_TA 0 Normalize
¢ B MASS{D0_T12_[O i @' R-nterface
[ Meanmiedian Duplicate data sets Correlation Matrix
[ H D2_T12_B_aD2_T1 Copy data sets for pasting elsewhere Correlate Study Data vs. Gene Expression Data
¢ B MASS{D2_T12_E Studies 4 'ﬁ T-Test with custom data options
[ﬂ-| Mean/hedian q 5 -
¢ 802712 B bD2 T Tree options... A ANOVA with custom data options
— = —_ ) Ll L | " N -
¢ BB MAS5{D2_T12_E_b}D2_T12_B[Bictin] I#Fi' Hierarchical Cluster Analysis
[:]—| MeaniMedian Scaling, ifs=M t=1000.0, 5=Median,sh=Y"{D2_T12_B_h}D2_T12_BE[Biot |’°5°_~z Principal Component Analysis

Figure 7-1: Access analysistools
Before proceeding to explain the use of each analysis tool, we want to mention that the various
analysistools are interlinked. For example, after applying the T-test to two sets of data, users can perform
additional analysis using other tools (more about thiswill be explained further below).

7.2 T-test and ANOVA

The T-test is used to compare two groups of data. It tells usif the variation between two groupsis
"significant". ANOVA (Analysis of Variance) is used to compare multiple groups. The users might ask if
they can do T-tests only 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 thereare 7
groups of data, there will be 6+5+4+3+2+1 = 21 pairs. So the comparison will be too complicated. ANOVA
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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 analysisand ANOVA:

1) Clicking the T-test icon under “Analysis Tool” in the Tools panel will pop up awindow (Figure 7-2A)
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. So this data
file can come from other sources. It does not have to be stored in ArrayTrack database. If the user click
“Gene |ID’s” button, awindow will pop up and allow the user choose different ID types that will be shown
in the T-test result, see Figure 7-2B.

171 Tamt e @

X

Choose Gene ID Columns

[rem——- [Conpuse | & Genhank Acc
'''''' group 1 group X gene or on fags
Gene Mfr ID
LOCUSID
[] UNIGENEID
A []GENENAME B
& B by 1o Do etical 1distsitution D CLONEID
Muthod: & yelch ies Simpike |-best
["] GEN_DESCR_MFR
Pranes a SPOTID
Do Test:

Figure 7-2: Choosing the data after activating T-test through the Tools panel

2) First choose the dataset from database panel as shown in (Figure 7-1C), and then right click and choose
Analysis->“T-test ...”. Accessing in thisway, the user does not need to combine the data files. But the
dataset hasto be imported in ArrayTrack first.

3) Choose datasets from database panel and then click Tool pull-down menu ->choose “Anaysis’ ->“T-
test...”.

Asshown in Figure 7-1B & C, there are three options for choosing T-test/ ANOVA: 1) “T-test/ ANOVA” et
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 optlons

E Select Dataset Group Assignments for T-Test | ANOVA / Pairwise Tests = u'( = |Z
Assign Data Sets Into Groups
= = = -
@ Groups: + + s
Assign to New Group || Unassign Assign to... | Clear All Groups Swap Dyes
%ﬁ I‘ Hybridization| SAMPLE 1) WVITRO DOSING 1 Datafile LABEL 1 [ARRAYTYPEM:
7 Filt el
1 @ D0_T12 B a DO T12 B Compound_C 012 |B12Cd000A CELTemp25270 tBiotin Affy_RT-U34
2 @ D0_T12 B b [DO_T12 B Compound_C 012 |B12Cd000B.CELTemp35272.iBiotin Affy_RT-U34
g @ DO_T12_C a DO_T12_CCompound_C 012 |C12Cd000A CELTemp21347 1Biotin Affy_RT-L34
4 @ DO_T12 C b DO T2 CCompound_C 012 |C12Cd000B.CELTemp2134a1Biotin Affy_RT-U34
g @ D0_T12 D a [DO_T12_DCompound_C 012 |D12Cd000A.CELTemp21334.tBiotin Affy_RT-U34
5 @ DO0_T12 D b |DO_T12_DCompound_C 012 |D12CdA000B CELTamp21357 1Biotin Affy_RT-L34
7 ® D2 T12 B a D2 T12 B Compound_C 2 ug 1B12Cd2.00A CELTemp21343. Biotin Affy_RT-L34
g @ D2 T12 B b D2 T2 B Compound_C 2 ug 1B12Cd2.00B CELTemp21345 Biotin Affy_RT-U34
a(2) D2 T12 C_a |D2_T12_CCompound_C 2 ug 1C12Cd2.004 CELTemp21 351 |Bitin | Affy_RT-U34
1o @ D2 T12 G h D2 T2 _CCompound_C 2 ug 1G12Gd2.00B.CELTemp21353 Biotin Affy_RT-LI34
11 @ D2 T12 D a D2 T2 DCompound_C 2 ug 1/D12Cd2.004 CELTemp21 261 | Biotin Affy_RT-L34
1z (2) D2 T12 D_b |D2_T12_DCompound_€ 2 ug 1012042 008.CELTemp21363/Biotin | Affy RT-U34 | 4|
4] Il | [+
2 groups, sizes = [6, 6]
T-Test fold changes are computed as grp 1/grp 2, so “up” regulation will mean grp1 > grp 2 in any further analysis.

Figure 7-3: Assign dataset to groups
Doing T-test/ ANOVA
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If user selects“ T-test/ ANOVA”, then he will be asked to assign datasets to group. In Figure 7-3,
the user can assign the dataset to different groups by highlighting the datasets first and then clicking

%
“Assign to new group” ssmwrewsen putton, The assigned datasets will be marked with a yellow-colored
db
number. The dataset can also be assigned to an existing group by clicking the button assisnte..and typing the

group number. The user can unassign the group by clicking the “Unassign” button. The *“ Swap Dyes”
swappyes DUttON is only for two-channel data. The T-test computes the fold change as groupl/ group?2 (or
Cy5/Cy3), if “Swap Dyes’ button is clicked, then the fold change will swapped as group2/groupl (or
Cy3/Cy5). Thisis useful when the user try to compare two groups that have opposite sample label. For
example, for groupl the channel 1 islabeled as Cy3 and channel 2 islabeled as Cy5 but for group 2 the
channel 1islabeled as Cy5 and channel 2 islabeled as Cy3. Using “ Swap Dyes’ button can swap either
group making the two groups have consistent dye labeling and comparable. (I’ m not sure about this part.)
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. In Figure 7-3, users can click “Next” button after assigning the dataset to groups.
Then following window will pop up to let the usersto select the options for T-test

Select Dataset Group Assignments for T-Test / ANOVA / Pairwise Tests
Test Type ( Consistent with group selections )

T-Test
T-Test Options

® Pvalues from dist. | ® Welchttest  Simple t-test

) P values from permutations: (]

Filtering with a gene list

_——
Only include genes from gene lis€|  <all genes> ’
N —

Gene identifiers to include
Genbank Acc Gene Mfr ID [_] UNIGENEID
[] CLONEID [] GEN_DESCR_MFR REFSEQ

Dataset Naming Data options

Hybridization names are always included. Subtract backgrounds when present (raw datasets only)

adid sample name(s) to hybridization names Apply log (base 2) to expression values

[] add dye name(s) to hybridization names [ ] Exclude spots flagged as bad

| = Back | | Do Tests |
Figure 7-4: Set the criteria of 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 \indow will pop up letting the user choose the gene list for the T-test.

Select Gene List E| Select Gene List E|
Only include genes from gene list: Only include genes from gene list:
|<all genes> | - | <all genes:> | -,
q n . - _ e [<all genes:> n
Matching against the gene list using gene id type: Matc| 122geneNorm_Fold1.5_P0.0S in exp. "Affy-2grps-RatU34” E
123geneMASS5_Fold1.5_P0.05 in exp. "Affy-2grps-RatU34™
ELHOUID M 135gene_PermutationP0.D5Fold1.5 in exp. "Affy-2rps-RatlU34”
289genewithinforFinalFinal1 in exp. “Affy-2grps-RatU34"
17 4Welch_t_2fold_p0.05 in exp. “2Ch_2Strain_20Kchip™

187Welch t 1.5fold p0.01in exp. "2Ch 25train 20Kchip™

Figure 7-5: Select genelist for T-test analysis
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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 criteriafor the permutation T-test.

The following is the formula of permutation T-test:

Numberof (B, < R))

Number of Per mutation
al

Fp =
where  (—#)]

The user can choose to cal culate Poermutation USiNG any number that less than or equal to Number of
Permutation. For example, if n=12, k=6, then P, = 924. So the user can decide to calculate Ppermutation USING
Numberof Permutation = 924 or limit the number of permutation to any number that isless than 924. See
Figure 7-4. Click “Do tests’ button, the results of T-test/ ANOV A will be shown, see Figure 7-8.

P =

permuatation

Doing T-test with custom data options
If user selects “ T-test with custom data options’, then following window (Export Options) will pop

up.

Export Options @l

@ Output Options
[ Intensity Data Fields | Dataset Fittering |” Gene Filtering(|_ Dataset Namm

[]include intensities

include log intensities

Flags

include flag values (as integers) include original flagvalues [ | Exclude spots flagged as bad

[]include spot pixel statistics [ ] include probe p-values

< Log base:
Number of digits to show after decimals: | 1 ZE

Group columns by ® samples (order by hyb. name) (' dyes (order by hyb. name) ( datasets

Figure 7-6: options for T-test

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 7-6, only log intensity data will be exported in log base 2, and flag values
will be included as integers and the original flag value will be included. 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, click OK button. Then “T Test” window will display, see Figure 7-7A. In this window the user
clicks the boxes to assign each data element to either the first or the second group. Clicking the “Gene Id's”
button opens another window (see Figure 7-7B) that allows choosing the ID types that will be shown in the
data export results.
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Note that multiple data can be selected for export. For example, with both “include log intensities’
and “include intensities” selected, both types of the datawill be included in the data to be exported. The
data options that are 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 Toolsicon. For example, if the initial data
was log data, then intensity data cannot be selected.

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 7-8. The bottom of the results window contains
additional functions that can be applied to the results, such asfiltering 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, 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
7-8 and further explained below.

I TTest i ; -
™ x |‘ Gene Id's... ||| Check cells " Uncheck cells | C hunSE GE neg ID Cﬂ I_um ns § |
Dataset group 1 group 2 %
(D0_T12_E_a) log2 Biotin [D0_T12_E] v O || Genbank Acc
(D0_T12_E_h} log2 Biotin [DO_T12_E] v [
(D0_T12_C_a} log? Biotin [D0_T12_C] v] O
(D0_T12_C_b} o2 Biotin [D0_T12_C] = O Gene Mt ID
fD0_T12_D_a}log2 Biotin [O0_T12_D] v L]
i00_T12_D_b}log2 Biotin [O0_T12_D] v ] i
(D2_T12_E_a) log2 Biotin [D2_T12_E] O v r LOCUSID
(D2_T12_E_h}log2 Biotin [D2_T12_E] O [v]
(D2Z_T12_C_a}log2 Biotin [D2_T12_C] O v]
iD2_T132_C_b}log?2 Biotin [D2_T12_0] L ¥ D UMIGENEID
iD2_T12_D_a}log2 Biotin [02_T12_D] L] ] L9
iD2_T12_D_b}log2 Biotin [02_T12_D] ] v - GENENAME
Logarithm
Data already has applied. D CLDNEID
® P values from theoretical t-distribution D GEN—DESCH—MFH
Method: @ welcht-test ) Simplet-test H REFSE
Comparison mean for single-group test . Q
_ P values from permutations of group assignments A SPGTID B
1 All permutations
® Limit # perms to: GH
e

Figure 7-7: assign datain two groups (A) and choose Gene ID types (B)
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] 7-Test Results
File Selected-Spot
Genbank Act| Create significant gene list... REFSEG SPOTID -~ 1) P |Tot
1 L2G267 . . I 916822 1] 0 |~
2 L15079 ﬂ”'f’rammcal AT M_D72680 (516807 |0 7|5
3 DET336 Principal Comy Analy S16718 0.0001 1]
4 D16478 Library searches [}S ) £ GeneLibrary 0.0a01 ]
5 WM24543 ; 3 o 0.0001 i
E 07365 Select_m_all 0pen viewers . m Protein Library o000t 0
i M55534 M55534m... [25420 Cryah P: w Library  » | [0.0002 1]
5 J02722 |J02722cds...[24451 Hrnox = | GOFFA Library 0.0002 0
a EQO77E E00778cds...| 24296 Cyplal 0.0002 12
10 AMB4BEES  |AAB4B5E3_.. Hspatlalfif.. 516806 0.0003 1
11 ®91988 X91988_at 25126 Statah 17213 0.0003 1]
12 AABTBED4  rc_AAB186. Hspalalii.. 517260 0.0004 1]
13 Z7a024 Z7a029 5 .. |24472 Hspala 517240 0.0004 1]
14 uoi 344 U01344_g... 116631 Mat1 Mh_053853 |516979 0.0005 1]
15 Al179445 re_Al17944... /363074 RGD13097... 517474 0.0005 10
16 M99165 M99169_at 81771 Rpshkal M_031107 |516964 0.0006 12—
17 Ae10A777  |A810A777 70444 Hsnll5 nr F1R404 [N |n lL
1 ] 3
1031 genes

Significance Filtering

) P Values < |wilhout adjustment | - |

) Target False Discovery Rate (FDR):

(@ Select # genes |by lowest p-values | - ‘
Mean Channel Intensities > Bad Flags <= J

Fold Change =

‘ Apply Filters || Clear Filters |
| P-Value Plot || Create Sig. Gene List || AR HCA || =2 PCA | i/ Volcano Plot

Figure 7-8: T-test results window

In Figure 7-8, the users can get the value of the T-test result such as mean of group 1, mean group 2
and mean difference (group 2 - group 1), etc. Furthermore, ArrayTrack provides severa types of filters and
interactive graphic toolsto aid the user in evaluating the data generally, and in choosing a significant set of
genes particularly. As shown in Figure 7-8, the user can perform significant gene 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, atext box is available for specifying a certain number of genes with several options (by lowest
P-values, by lowest P-values with equal # of up and down regulated, by largest symmetric fold change and
by largest symmetric fold change with equal # of up and down regulated). Text boxes are also provided for
removing spots below a specified mean channel intensity or/and below a specified minimum fold-change.
Multiple filtering criteria can be applied in parallel.

From the T-test result, users can use Bar Chart to see some genes expression across multiple arrays
within the same experiment or across different experiments by highlighting some genes (less than 5) and
choosing “ Selected Spot” pull-down menu -> Create Bar Chart. See Chapter 8 for detail about Bar Chart.

Clicking the W YelcanoPlot 1y tton causes a volcano plot of the selected data to be produced and
displayed in a new window. Notice that in the example of volcano plot in Figure 7-9, the plot is partitioned
into six areas by two vertical (x-axis representing the fold-change scale) and one horizonta (y-axis
representing the p-value scale) dashed lines. The volcano plot isintended as a graphical tool to select alist
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 7-9 will comprise the significant genelist, that is,
the spots denoted by red in Figure 7-9.

The volcano plot produced by ArrayTrack has a number of features and interactive capabilities
providing particular utility for asignificant gene list, as summarized below:
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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-axisis changed. Alternatively, afold 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 they-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 7-7. 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
7-9); 2) the P-value cutoff alone (Areas A, B and C of Figure 7-9); and, 3) the fold-change cutoff alone
(areas A, C, D and Fin Figure 7-9); the number of non-significant genesis also displayed (area E).

4) The adjustable P-value and fold change lines divide the plot into several color-coded regions

(Seethe keys at the right of the plot) that corresponds 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 7-9.

Volcano Plot
File Selected spots ptions
[ p=lo-2168]f01a=1.224 | [color by Region | v|
iff means = 1.11, p = 0103118, avyg of channels = 16
Genbank Ao = L27129 Gene Mir (D= L27129_at
5 Significant, 22 Just P-Sig, 187 Just Diff-Means-Sig, 727 Non-Sig
sig
p-sig
means-sig
not sig -
marked

-1 0 1
Difference of Groups'Mean Log2 Expression Yalue

Figure 7-9: Volcano Plot

6) The pull-down menu labeled “ Selected Spots’ provides the user the ability to: a) create a significant
gene lists that correspondsto the desired P-value and fold-change combination; b) perform cluster
analysis on the selected significant genes; ¢) 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).
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Volcano Plot :
Selected spots | Options

File

: Create significant gene list... plor by Region
“No S rf?,l' Clustering Analysis
- Library searches 4 % Gene Library %
12 Si

Select all significant spots in other open viewers ﬂ Pathway Library

ﬁ Protein Library

Clear Specially Hilighted Spots {green)
T 0

Figure 7-10: Selected spots pull-down menu

7.3 P-value Plot

A p-valueis associated with atest statistic. It is"the probability, if the test statistic really were
distributed as it would be under the null hypothesis, of observing atest 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 7-8).

Also P-value Plot tool can be activated by clicking "= F-*/alue Flat ynder the Tool/Analysis section.
See Figure 7-1A. A pop up window with title “ Choose Data Source” allows the user to choose the data file
(Figure 7-11). 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.

f:‘, Choose Data Source

X

@ Select data sourcetype: @ file () database

Field Separator

@Chuose data file: ‘D:LArrayTracldm | | Manually select first data row... |
Genbank Acc | Gene Mt ID B Mean Grp 1 Mean Grp 2 | Dif Means | hean Intensities Grp 1 Mean Intensities Grp 2 | Mean.
L34067 R234 0.74..|5.857 6.0473 -0.1803 61.5 85.8333 761 -
ID26439 RO7T 0.19.. [1.9453 3.3522 -1.4068 5.25 7.BEET 6.4583 |=|

In10072 R246 0.34..[2.2335 3.3643 -1.1308 45 2.5 35
AF017437 RO24 0.50... [3.0566 3.58443 -0.7877 75 19.5 15
J04793 RGOES 1.588 0.75 1.8333 1.2817

f 03242 RGOTE 2.39 525 3.3333 42917
M21730 RG146 0.83.. [F.227 7.3753 -0.1484 17375 2135 1976 |4

4]

For each column description below, select a table column above and click the description

button to make the
V| Gene tyve |GENEBANKACC | v | Assigned to Genbank Acc (1)
&? Pvalue Assigned to P (3)
v ch1 Assigned to Mean Grp 1 {4)
v ch2 |E| Assigned to Mean Grp 2 (5)
Flag

@ IE_‘ "] Keep dialog open until canceled

Figure 7-11: Choose datafile to get p-vaue plot
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P-Value Plot
File Selected spots

|rank(q]us 1q |V| | Show Errors Plot

#10?

#5el= 1576
e e e e e e e —#unans
15 Spunsel = 15389 |
I
|//
- //l
-
- - |
// l
- |
10— o |
g 5 [
o
< |
|
|
s |
|
|
- |
|
q=0849 |
D 1 | 1 | 1 | 1 | L |
0 200 400 B0 B0 1,000
H w0

16075 genes, 1576 selected, 15399 not selected, max selected p value = 0.051
Est. Truly Unaffected = 13622, Est. Truly Affected = 3353

Est. Selected Unaffected = 696, Est. Unselected Affected = 2472.255

Est. False Discovery Rate = 44.144%, Est. False Non-discovery Rate = 16.055%
Est. Fraction Not Selected = 73.743%

This plot and its estimation methods are based on | [Delongchamp et al 2004] |

Figure 7-12: P-value plot

In P-value plot window, the y-axisisrank and x-axisis p or q (g= 1-p, user can choose rank(q) vsq
or p vsrank(p)). By dragging the gray dashed line, the user can change the p (or g) value and consequently
the selected spots(#sel) and unsel ected 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 7-13.

P-Value Plot

File | Selected spots
rani Create significant gene list... :I
A Clustering Analysis
» ﬁ Yolcano Plot
Library searches [% ¥ £ Gene Library
Select in all open viewers .z Pathway Library

0.a |~ E Protein Library

Figure 7-13: Access other functions from p-value plot
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7.4 Clustering

Hierarchical Clustering Analysis (HCA) can be activated by 1) clicking the HCA icon under the
Analysistool, or 2) choosing the dataset in database panel, right clicking and then choosing “Analysis->

Hierarchical Component Analysis’, see Figure 7-1.

1) If HCA isactivated in the first way, a pop up window will ask the user to select afile to do analysis. The

data file must be text file format (.txt) (see Figure 7-14A). The text file will be shown after the user click

“Open” button (see Figure 7-14B). Then the user can do data analysis by clicking “Analysis’ in the menu
bar or clicking HCA icon i, The result is shown in Figure 7-16.

HIRTALSHIGE. 2 U AL AT %% Hierarchical Cluster Analysis
File Analysis Flle Analyst
ile Analysis
ECICIOEY
| &2 0pen = :
B DiArrayTrackiDownloadedDataiYauk'SixPlatiorms'submissionG62.. u'( o H
Lok |temp MEEIETER ol 02 c3 |_cd cs [
=08 [ NCL_mouse_10K_1axt 212 MelaRov;r Melacmum1n Rogv;r Co\u{g; Eackgmgll.u Signal Megdaé ;
3 Form D NCTR_Agilent_Mouse20K.txt R3 1 ] 12 07 233 148 T
(] ScreenSaver.com D readme.txt R4 1 1 11 101 361 3
[ Spfile R4 1 1 115 107! 217 274
D BOOCAODOA.DAT R 1 1 16 7 285 298
[ Boocaoooa.txt | A R7 11 R 1 5 107 219 263
[ BoOCA00O0B.DAT R& 1 = 1 114 1m 233 18538
R4 1 1 i3 7 267 2825
FileName:  |E00CA000A R ] R0 1 1 69 59 267 289
Files of Tyne: | Data Files(*txt; *data) M 21 12 1 1 12 :g ggg A;ST;
R13 1 1 15 107! 288 334 Z
_oven || cancel | 1 ] \ 1]
4 REEW

Figure 7-14: Select datafile to do data analysis

2) If HCA isactivated in the second way, the “ Export options” window pops up (Figure 7-15). Clicking OK

will bring out the HCA plot, see Figure 7-16.

Export Options

@ Output Options

X

[r' tensity Data Fields rf‘ taset N

Log hase:

[]include intensities [ include spot A-values [ | subtract backgrounds in intensities
[]include separate background columns

[]include log intensities with backgrounds subtracted

[]include ratios with backgrounds subtracted

include log ratios with backgrounds subtracted

@ chiich2ratios (' ch2ichiratios ( both ratios

include flag values (as integers) [_| include original flag values

[[]include spot pixel statistics [ _] include probe p-values

Group columns by @ samples ) dyes (O datasets

Figure 7-15: Export Option window
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E‘# Hierarchical Cluster Analysis
File Analysis

MR EERE AR

Link to Gene Library » Gene Name
2 Change Tree Color... GeneBankicc
Change Missing Value Color... IPI Name
Locus ID
SwissProticc
Change Label Alignment... UniGene ID

Ay, Change Label Font...
Change Line Width...
Change Color Scheme...
Change Image Block Size...

1| Scale Down by Y
| Scale Up by Y
| 1| Fit to Height

Custom Scale...

Branch Dendrogram
Branch and Subtable

Class Assignment...
[J Distance Scale

Save...

Save As...

Figure 7-16: HCA analysis result

From the HCA results the user can do the following maneuvers:

--Zoom in and zoom out: The user can zoom infout the plot by clicking® | or |2 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 thereis alink to Gene Library according to the available IDs.
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Save As... L.liEga_ﬂ

--The user can select a branch of the tree and open the branch in a new window by choosing “Branch
Dendrogram”.

--The user can save the HCA image to the local drive, also the cluster results can be saved as .clsfile
format. See Figure 7-16.

7.5 PCA

Principal Component Analysisisaclassical statistical method and is away of identifying the data
patterns and highlighting the data’ s similarity and differences. The main use of PCA isto reduce the
dimentionality of adata 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 analysistools, PCA can be activated by 1) clicking theicon 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 7-17.
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option” window (Figure 7-15). Click OK button, then the PCA plot will show up (see Figure 7-19A).
5E

& Principal Component Analysis
File | Analysis

Open
Import Data From Dafabase...
W

Save
Save As...

Exit

Reaty

EEX

Center for ToxicoinformaticsNCTR/FDA

Figure 7-17: Open afile or import data from database for PCA

Q‘/ Choose Data Source

@ Select data source type: ' file @ database

@ Select one or more datasets (rows) helow:

@ Choose datatype: ® raw data () normalized data

3
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3 ANONYMOUS | Cd_1d_vitro_Raill34 DO0_T12_C_a rawy data

[+ AMONYMOUS | Cd_1d_vitro_Ratl)34 DO_T12_C_h raw data

5 ANOMYMOUS | Cd_1d_vitro_Ratl)34 DO0_T12_D_a rawt data

8 ANONYMOUS | Cd_1d_vitro_Raill34 DO0_T12_D_h rawy data

7 AMONYMOUS | Cd_1d_vitro_Ratl)34 D2_T12_ B _a raw data

8 ANOMYMOUS | Cd_1d_vitro_Ratl)34 D2_T12_E_h rawt data

9 AMONYMOUS | Cd_1d_vitro_Ratl)34 D2 _T12_C_a raw data
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[

I
@ Loy ] cwen

Figure 7-18: Choose data from the database to do PCA
In Figure 7-18, multiple hybridization data can be selected. Clicking OK will bring up the “ Export

PCA 2D Viewer
Score Plot PC1 Score Plot
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20-25 {D0_T12 B _ajlog2Bioti.]  -13. 947 1] 1.297) z.ag‘ 14
=014 -1 a7 - 16.14 55 e
8 -5 -11.671 -6. 2.851 -6. 1
0.09 E 11,84 E 2501 = E
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o ] E
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Figure 7-19: PCA plot

If the user activates PCA in the second way, the PCA options window will pop up (Figure 7-20).
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< PCA Options

@ Centered ) Auto scaled
Gene List Filtering

Only include genes from gene list;

|<a|l genes> | i |

Matching against the gene list using gene id type:

|SPOTID | - |

Figure 7-20: PCA options

There are two algorithm method options. Centered and Auto scaled. The user can choose only
include genes from a specific gene list by clicking the pull-down list. The user needs to specify the gene ID
type for matching. Click OK then PCA results will show up.

In Figure 7-19A, if the user circle any spotsin the plot, the “Relative Variance” view will be
switched to the “ Score” tab view, with the corresponding records highlighted (Figure 7-19B). The user can
also click EigenVaue and L oadings 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 7-21. The spot color can be changed by selecting the spot and then right-clicking-> choose new color
or highlight the record and right-clicking. The spot shape can be changed to cube or sphere.
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P e o Bicao N
e g L
Rulatve Variances | Scores | Clgervalues | Loadings . . .
ket Figure 7-21: PCA three dimension plot

L 1 -
nees |
47
1,28

& % Forthe three-dimension PCA plot, the user can
.+ dothefollowing movements:
' 1) Zoomin/out: hold shift key while drag
the plot to bigger/smaller view.
2) Movethe 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.

7.6. Correlation Matrix

The correlation matrix shows the correlation between column i and column j of the original
matrix. It isused in ArrayTrack to visually show the correlation between two groups of data.
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Right-click the selected data, choose “ Analysis ->correlation matrix. Assign the datainto

two groups.

T = Strain_mice_two_Channel
o= [ Gene Lists

? . Strain A Q380 Strain A - mice 1[Cya] | Reference[Cy3]
¢ BH raw data {Strain A Q3801 [file: 2004-09-22-Q0380 2nd scan.gpr]
E—]| LOWESS, ri=3,5b=",d=null,5f=0.2 {Strain A 2380}
? . Strain A Q381 Strain A - mice 2[Cya] | Reference[Cy3d]

¢ EH no-name {Strain A 381} [file: 2
E—]| LOWESS, ri=3,sh=" d=null,

? . Strain A Q382 Strain A - mice 3[Cy:
¢ EH no-name {Strain A G382} [file: 2
E—]| LOWESS, ri=3,sh=" d=null,

? . Strain B Q385 Strain B - mice 1[C
¢ EA no-name {Strain B G385} [file: 3
E—]| LOWESS, ri=3,sh=" d=null,

? . Strain B Q386 Strain B - mice 2[C
¢ B no-name {Strain B Q386 [file: 2
E—]| LOWESS, ri=3,sh=" d=null,

? . Strain B Q387 Strain B - mice 3[C
¢ B no-name {Strain B Q387 [file: 2
[ LOWESS, ri=3,5b=",d=null,

B FEDERICO GOODSAID

ibrary

B View data set(s) as wide spreadsheet - datasets side by side

Export

¥ Scatter plots for data
# Mixed scatterplot
i3 MA plots for data

' Virtual array images for data

. Actual array images for data <<Dev. Only=>>
%, Rank intensity plots for data

Iihl BarChart

Create gene list by data filtering...

g ggg Quality Control
u‘ FOATRAIMIMNG E—ll Normalize...

Duplicate data sets
Copy data sets for pasting elsewhere

D Convertar Studies
Gene Library Tree options...
Fathway Likrary

T T-TestiANOVA

'F T-Test with custom data options
A8 ANOVA with custom data options
rﬁ Hierarchical Cluster Analysis

|5°_: Principal Component Analysis
3 Support Vector Machine

Do pairwise t-test combinations <<Dev. Onhy>>

Create Correlation Matrix

o“ & B4

Edit Datasets Groups Geneld's Data-Options

4]

[¥]

L)
I O Groups: } < -_ ‘{'5 == ot
Assign to New Group | Unassign Assign to... | Clear All Groups Swap Dves
4 Hyhridization SAMPLE 1 LABEL 1| SAMPLE 2| LABEL 2 | ARRAYTYPENAME | LABELEYWHO|HYEEYWHO | HYBEN
SF Filter= =
1 @ Strain A Q380 | Strain A- mice 1 Cys Referance | Cy3 MNCTR_MWG_Mousedohn Doe John Doe o134
2 @ Strain A Q381 |StrainA-mice 2 |CyS Referance | Cy3 MNCTR_MWG_Mousedohn Doe John Doe o134
3 @ Strain A Q382 |StrainA-mice 3 [Cys Reference | Cy3 MNCTR_MWG_Mousedohn Doe John Doe |0k
4 @ |Strain B Q385 |Strain B-mice 1 |Cya Reference | Cy3 MCTR_MWGE_Mousedohn Doe John Doe |0k
5 @ Strain B Q386 |Strain B- mice 2 |Cys Reference | Cy3 MCTR_MWGE_Mousedohn Doe John Doe O
=] @ Strain B @387 |Strain B- mice 3 |Cys Reference | Cy3 MCTR_MWGE_Mousedohn Doe John Doe ok [+

2 groups, sizes = [3, 3]

i, - 1t

Above you may opli

"

separated visually in the output matrix.

HNote: If any group assignments are made, then any datasets not assigned to

a group will ighored.

into groups here, which will he

Only include genes from gene list

| Create Correlation Matrix [\J

Figure 7-22: correlation matrix
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Correlation Matrix :

Output
JZ(R) ®R RRange_1 : e R: 0.890->1
Mean(R) = 0.896, SD(R) = 0.016
Strain & 03 0.914 0.919 0.886 0.874 0.892
= | Il ] ] I
0.914 | |Strain A Q3 0.919 0.868 0.883 0.897
| | ] | N
0.919 0.919 | |Strain A Q3 0.892 0.885 0.902
| .= C e
0.886 0.868 0.892 Strain B @ 0.884 0.895
[l I . [
0.874 0.883 0.885 0.884 | |StrainB 2 0.925
] ] O I |
0.892 0.897 0.902 0.895 0.925 | |5trainE @
[ ] i N
| — — |

Figure 7-23: correlation matrix result

In Figure 7-23, the diagonal elements of the correlation matrix will be 1 since they are the
correlation of acolumn with itself. The correlation matrix is aso symmetric since the correlation of column
i with column j is the same as the correlation of column j with column i. In the matrix, R value is displayed
on the top. At the top of the Figure 7-23, there isa sliding bar for correlation factor R. Users can change the
R value, and those parts with R value greater than the correlation R will be marked in color.

7.7. SAM

SAM (Significance Analysis of Microarrays) is an analysistool for identifying statistical significant
genesin aset of microarray experiments. Before using SAM-test tool in ArrayTrack, users should read
SAM manual from website: http://www-stat.stanford.edu/~tibs/SAM/sam.pdf. The SAM basic concept and
algorithm are not described here. Only instruction for using SAM in ArrayTrack will be addressed as
following.

ArrayTrack’s SAM isin R version 2.5.1. If you want to compare Array Track SAM results with R
SAM results, please make sure you are using the same version of R (2.5.1). The SAM tool in ArrayTrack
includes following several analysistypes:

Two class unpaired

One class

Multi class

Survival

Two class paired

One class timecourse

Two class unpaired timecourse

Two class paired timecourse
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Two class unpaired
First select all the dataset, right-click t_hen choose “ Anaysis>SAM-Test”, see Figure 7-24.

¢ § SAM-EXAMPLES_TEST =
o O3 MultiC azs_500
o [ OneClassTimecourse_1000
o 3 OneClagz_1000
o [ Paired_7129
o[O3 PattermDiscovery_1000
o O3 TwotlagsBig_2000
- TwoClassPairedTimecourse_1000 W |
o TwoClasslnpairedTimecourse_1000
¢ 3 TwoClass_1000
o= ] Gene Lists
? H 1-sample-1 1-sample-1[SAM_TEST]
¢ m%;:::;:éjzrqie: B View data set(s) as wide spreadsheet - datasets side by side
B raw{1-sample-1 Export Y
o B 1-sample-2 1-sam| & Mixed scatterplot
] raw{1-sample-2 [ Virtual array images for data
? ﬁ 1-gsample-3 1-sam .
EH raw{1-sample-
o B 1-sample-4 1-sam - Rank intensity plots for data
EH rawi{1-sample-4 Wil BarChart
7 B 1-sample-5 1-sam Create gene list by data filtering...
B raw{1-sample-§
? H 1-sample-6 1-sam

Actual array images for data <<Dev. Only>>

I T-TestiANOVA

B raw {1-sample-| Qualﬂyf:unlrnl
o [ 1-sample-7 1-sam @ Normalize... R-Interface
o TR Ie I Dupli data sets Correlation Matrix
@ Library Copy data sets for pasting elsewhere T-Test with custom data options
& ID Converter Studies »

ANOVA with custom data options
Hierarchical Cluster Analysis

Principal Component Analysis

£ cene Library
ﬂ Pathway Library
B2 Protein Library

imi P Library
(%) Orthologene Library
= | GOFFA Library

Tree options...

AEERR §

Support Vector Machine <dev. only>
Do pairwise t-test combinations <<Dev. Only=>

K-Means

Figure 7-24: SAM test —two class unpaired

Select Dataset Group Assignments for SAM Tests
Assign Data Sets Into Groups
e
a Groups: . i -_ {'5 == e
Assign to New Group | Unassign | | Assign to... | Clear All Groups | | Swap Dyes
-~ Hyhridization|  SAMPLE 1 Dratafile LABEL 1 [ARRAYTYPEMNAME| ASSAY 1
57 Filter-» (=
1 1-sample-1 1-sample-1 1-sample-1.td  |SAM_TEST |SAM_1000 In Wivo
2 1-zample-10 | 1-sample-10 [1-sample-10.t4 |SAM_TEST |San_1000 In Wivo
3 1-zample-2 | 1-sample-2  [1-sample-2td | SAM_TEST |Sam_1000 In Wivo
4 1-sample-3 | 1-sample-3  [1-sample-3bd | SAM_TEST |SAM_1000 In Wivo
5 1-sample-4 1-sample-4 1-sample-4.tt¢  |SAM_TEST [SAM_1000 In Wiva
il 1-sample-5 1-sample-5 1-sample-5.d | SAM_TEST [SAM_1000 In Wivo
7 1-sample-6 1-sample-6 1-sample-6.td  |SAM_TEST |SAM_1000 In Yivo
g 1-sample-7 | 1-sample-7  [1-sample-7tt |SAM_TEST |Sam_1000 In Wivo
q 1-zample-2 | 1-sample-8  [1-sample-S.td | SAM_TEST |Sam_1000 In Wivo 5
10 1-zample-9 | 1-sample-8  [1-sample-9td | SAM_TEST |Sam_1000 In Wivo 1
11 2-zample-11 2-sample-11  |2-sample-11.tt [SAM_TEST |SAM_1000 In Wiva
12 Z-sample-12  |Z-sample-12 |2-sample-12.63 |SAM_TEST |3AM_1000 In Wiva
13 Z2-sample-13  |2-sample-13 |2-sample-13.6d [SAM_TEST |SAwM_1000 In Yivo
14 2-sample-14  |2-sample-14 |2-zample-14.bd [SAM_TEST |SAM_1000 In Wivo
15 2-sample-15 [ Z-zsample-15 |2-sample-15tt |SAM_TEST |SAM_1000 In Wiva
18 Z-sample-16  [Z-gzample-16 |2-sample-16.td |SAM_TEST |SAM_1000 In Wiva
17 Z-sample-17 2—:3ample—mme ~ph_t000 In Wiva
18 Z-zample-18  |2-sample- fh_1000 In Wiva
jj 2-sample-19  2-sample-|gna class AT_}DDD !n Vf\ru z
4 Multiclass 3 r]
Two class paired
Quantitative
Survival _ Jected firstly
'One class timecourse Bad
Analysis type: ‘Nune |v ‘ <<Must assign groups!>> ‘

Figure 7-25: SAM test - select analysistype
In Figure 7-25, user needs to select the analysis type which is two class unpaired in this case.
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Select Dataset Group Assignments for SAM Tests
Assign Data Sets Into Groups
(]
Grm@ aF I P — ]
_@to New Group ssign Assign to... | Clear All Groups Swap Dyes
%{W IA Hyhridization| SAMPLE 1 Datarile LABEL 1 ARRAYTYPEMNAME | ASSAY 1

P Filter> |~
1 @ 1-sample-1 1-sample-1 1-sample-1.td SAM_TEST SAM_1000 In “iva

2@ 1-sample-10  |1-zample-10 1-sample-10tt SAM_TEST SAM_1000 In i

3 @ 1-gample-2 1-gample-2 1-sample-2 td SAM_TEST SAM_1000 In Wiva

4 @ 1-sample-3 1-sample-3 1-sample-3.td SAM_TEST SAM_1000 In Wiva

5 @ 1-sample-4 1-sample-4 1-zample-4 td SAM_TEST SAM_1000 In i

& @ 1-gample-5 1-gample-5 1-sample-5.td SAM_TEST SAM_1000 In Wivo

7 @ 1-sample-6 1-sample-6 1-sample-6.td SAM_TEST SAM_1000 In Wiva

g @ 1-sample-7 1-sample-7 1-sample-7.td SAM_TEST SAM_1000 In i 5
a @ 1-gsample-8 1-gsample-8 1-sample-8.td SAM_TEST SAM_1000 In Wivo

10 @ 1-zample-9 1-zample-9 1-sample-9.td SAM_TEST SAM_1000 In Wiva

1 2-sample-11 2-sample-11 2-zample-11 bt SAM_TEST SAM_1000 In *ivo

12 Z-gample-12 | 2-sample-12 Z-sample-12.bd4 SAM_TEST SAM_1000 In Wiva

12 Z-sample-13 | 2-sample-13 Z-sample-13.bd SAM_TEST SAM_1000 In Wiva

14 2-sample-14  |2-zample-14 2-zample-14 i SAM_TEST SAM_1000 In *ivo

15 Z-sample-15 | 2-sample-15 2-sample-15 b SAM_TEST SAM_1000 In Wivo |
16 Z-sample-16 | 2-sample-16 Z-sample-16.bd SAM_TEST SAM_1000 In Wiva

7 2-sample-17  |2-sample-17 2-zample-17 bt SAM_TEST SAM_1000 In *ivo |
1R ': | 19 ) 12 2 12 tt cam TEST CAR 1000 It i | ’ll

1 groups, sizes = [10]
Before click "next >', Please check the group assignment again!
Analysis type: |Twn class unpaired G Next > )

Figure 7-26: assign datasets to groups

In Figure 7-26, user needs to select a group of data, then click “Assign to New Group”
button. Repeat the same steps to assign the second group, then click “Next” button.
o 7 B

Select Dataset Group Assignments for SAM Tests
Two class unpaired problem

Test statistics: ® T-statistic (' Wilcoxon
Number of permutations: | Limit to{100~1000): 100
Estimation of sO factor: | ® Automatic (' Used fixed percentile(%) |50

Imputation engine: of neighbors of KNN [10 |

Random number seed:  |1234567 | ‘ Generate Random Seed |

Calculate the fold change's effect on FDR (may take more time)? | @ No  Yes

Filtering with a gene list

Only include genes from gene list

Gene identifiers to include

Genbank Acc Gene Mir ID LOCUSID [ ] UNIGENEID GENENAME
|| CLONEID || GEN_DESCR_MFR REFSEQ SPOTID

Data options
Dataset Naming

Subtract backgrounds{raw datasets only)
add sample name(s) to hybridization names

Apply log (base 2) to expression values
[] add dye name(s) to hybridization names

[ Exclude spots flagged as bad

Figure 7-27: option settings for SAM test
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There are many options for doing SAM test, Figure 7-27 shows the default settings. At the
bottom there are afew options for data, if user wants to use the sample data to compare with the SAM
results in Excel, he must uncheck the option “Apply log(base 2) to expression values.

pr— -
[7] sam-Tests Results :
File Selected-Spot All-Spois

Genbank Aot ne MfrID | LOCUSID | GENEMAME | REFSEQ POTID  |Ohsemed & P value (n|Denaminat. |Fald Change)

i ENE703 4661482 -0.0454  |0.918 -0.0565  |1.2451 0.834 -
2 GEMEFD4 4661483 -0.1482 0 BA8! -0.1634 1.0363 0.982 B84 =
& GEMEFDS 4661484 0.761 0.083 09029 11864 2.2590! 4

a GENETO0S 4G614BS 09285 |0.439% F0.3862  [1.1827 0.7524 75

s GENETOT 4BT4B6 00143 0.9672 0.0151 1.0555 0.9252 a2

& GENE7DS 4661487 0.5624 01804 0651 11576 1.1762 86

7 GEMEFDS 4661488 0.3802 0.3629 0.4447 11,1698 1.4810 a1

& GEMEF10 4661489 01115 0.7359 01147 1.029 1.0886 97,

o GENET11 4p61400 09585 |0.39319 -0.3835  [1.0757 0.8565 75
0 GENET1Z 4G61431 01968 06172 02226 11314 1.1666 a1

11 GEME?13 46614032 01229 07774 01433 1.2145 1.0289 (92|
1z GEME7F14 4661433 -2.927 ] -3.4858 11909 0.0855 i)

12 ENET1% 0541 1 0.8 139 X 63
14 ENET16 -0.651 i 0.7 077 X |58/
15 ENET17 -0.032 ] 0.0 230 a0
18 EME718 - 7 3 -0 160 a0,
17 EMEF1S 3 - ] 71 -0191 203 ] B4
18 GENET20 4p61409 05584 |0.1313 F0.5993  [1.0732 0.6625 63
18 GENE721 4B61500 05336 |0.2539 LET4E [1.2642 0.4535 63
20 GEME?22 4661601 0.3128 04216 03601 1.1193 1.3826 a1

21 GEMEF23 4661602 -0.6569 01064 -0.7384 1124 0.5101 ||
2z GEME?24 4661503 02127 0638 02648 1.2445 1.5199 a1

= GENE725 4661504 |0.0909 0.6038 00957 1.0859 1.0696 a2
24 GENE726 4661505 -1.6389  |0.0006 17438 [1.0634 0.375 o

25 GEME?27 4661506 03235 0.363 0.3405 1.0613 1.2123 a1

26 GEME?28 4661507 -0.2033 06108 -0.2434 11631 0.9654 B0,
27 GENE729 4661508 0329 0.4524 03995 1.2143 1.4442 a1 |
tal T | GERETAN i ARA1ANY 004 nain ‘ NN5AS 11014 1150 ‘Cl"l

1000 genes
Significance Filtering

® Target False Discovery Rate (FDR):  Defta =

Osuucsomes ||
Mean Channel Intensities > BadFlags <= | |
Abs Fold Change >

| createsig.ceneuist || atnca || kipca || T smeans [ 1 sampio
Figure 7-28: SAM test result
Figure 7-28 shows the result of SAM test. Thisinterface is similar with that of T-test result.
From the result window user can set criteria to make significance filtering or go further to PCA,
HCA, SAM plot by clicking the buttons at the bottom of the window. Figure 7-29 shows the SAM
plot.

] sam piot Pl i |

File Sig.Spots Options

) Delta = ‘0.217111 | ® FDR = |U.=1?2 Fold change =2 ‘

hserved score = 5.003, expected score = 2.074578
ene MfT ID = GENE459

35 Fully-Sig: 54 (44 up, 10 down) FDR Significant, 19 Non-Fold-Sig; 946 Non-Sig.

SAM up
r un SAM down
6 . Non-Fold-5
[ E‘ Mon-Sig
il deta= 0217111 * Marked |

observed score

expected scare

Figure 7-29: SAM plot
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In Figure 7-29, users can set values for Delta, FDR and fold change by typing in numbersin the
blank boxes at the top of the window. Dragging the dash linein the plot will also change the delta, FDR
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value. By moving mouse over a spot in the plot, user will be able to see the score value and gene name for
that spot that are displayed above the plot.

One Class

Select al the dataset, right-click->choose “ Analysis’ ->" SAM-Test”

% @ SAM-EXAMPLES_TEST

o[O3 Multiclass_500

o [J OneClassTimecourse_1000

¢ [C3 OneClass_1000
o= [ Gene Lists

? E 1-zample-1 1-sample-1[SAM_TEST]

BE raw {1-zampl
L4 H 1-sample-2 1-5a|
BE raw {1-zampl
L4 H 1-sample-3 1-s53|
BE raw {1-zampl
L4 H 1-sample-4 1-s53|
BE raw {1-zampl
L4 H 1-sample-5 1-s53|

=

&
=
i

View data set(s) as wide spreadsheet - datasets side by side

Export
Mixed scatterplot

Virtual array images for data

Actual array images for data <<Dev. Only=>

"=, Rank intensity plots for data

»

Figure 7-30: SAM test one class

BE raw{1-sampl{ [ill BarChart
¢ J# 1-sample-fi1-s3 Ccreate gene list by datafittering... :
) H? 3] (: '5;‘:”"' Analysis ¥ 730 1-TestiaNOVA
-sample- -54| -
uality Control 4 B
BE raw {1-sampl o ﬂl’_ B sAM.Test
L4 H 1-sample-§ 1-53| E—ll Normalize... @@ Rinterface
BE raw{1-sampl Duplicate data sets Correlation Matrix
o [ Paired_7129 Copy data sets for pasting elsewhere 'F
o [ PatternDiscovery_10 Studies o
o [ TwoClassBig_2000 eernora &
o [ Twa lassPairadTim — =
o [ TwnClassUnpairedTimecourse_1000 l—‘
e =8 Tusartince 1non w
o T e T S T e
® Library

T-Test with custom data options

ANOVA with custom data options

Hierarchical Cluster Analysis

Principal Component Analysis

Support Vector Machine <dev. only>

Do pairwise t-test combinations <<Dev. Only>>

Select Dataset Group Assignments for SAM Tests :

Assign Data Sets Into Groups

[ I}
Groups: . d'}. -_ d'}. = o*e
Assign to New Group| | Unassign Assign to... | Clear All Groups Swap Dyes
%{W |A Hybridization| SAMPLE 1 Datafile LABEL 1 |ARRAYTTYPEMAME | ASSAY 1
7 Filter= =
1 @ 1-sample-1 1-sample-1 1-zample-1.tt |SAM_TEST |SARM_1000 In Wivo
2 @ 1-sample-2 1-sample-2  |1-sample-2tt |SAM_TEST |[SAM_1000 I Wi
3 @ 1-sample-3 1-gample-3 |1-sample-3.td |SAM_TEST |SAM_1000 In Wivg
4@ 1-zample-4 1-sample-4  |[1-sample-4 k4 |SAM_TEST |[SAM_1000 In Yivo
= @ 1-zample-a 1-sample-5  |[1-sample-atd |SAM_TEST |[SAM_1000 In Yivo
L=} @ 1-sample-A 1-sample-6  |1-sample-G.td |SAM_TEST |[SAKM_1000 In Wivo
v @ 1-sample-7 1-gample-7  |1-sample-7.td [SAM_TEST |SAM_1000 I Wi
8 @ 1-sample-8 1-sample-8  |1-sample-8.t4 |SAM_TEST |SAM_1000 In Wiva =
4] [

1 groups, sizes = [8]

Before click ‘'next =', Please check the group assignment again!

Analysis typ @ne class

I3[ Next> |

Figure 7-31: Assign all the data as one group
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In Figure 7-31, assign all the datainto one group, click “Next” button. The rest step is the same as

two class unpaired.

Multi class

The steps for doing multi class test are similar to one class test, except that the datasets are assigned

to multiple groups instead of one group.

¢ W SAM-EXAMPLES_TEST all
¢ L Mutticlass_500
o 3 Gene Lists

¢ BH 1-sample-1 1-sample-1[SaM_TEST]

BR raw {1-sample-1

EH raw {1-sample-1 Export
7 Hl 1-sample-11 1-sam f Mixed scatterplot
ER raw [1-sample-1
9 ﬁ 1-sample-12 1-sam
B raw {1-sampla-1 . Actual array images for data <<Dev. Only=>
? E 1-garmple-13 1-sam % Rank intensity plots for data
EH raw{i-sample-1{ 1| BarChart
¥ ﬁ 1-sample-141-sam Create gene list by data filtering...
EH raw {1-sampla-1
o T 1-sample-15 1-sam)
ER raw {1-sample-1

. Virtual array images for data

Quality Control

LS ﬁ 1-sample-2 1-sample-2[SAM_TEST]
EH raw {1-sample-2}

PP B

¢ ﬁ 1-gample-10 1-sam B View data set(s) as wide spreadsheet - datasets side by side

b

FHT T-Test/ANOVA

7 Jf 1-sample-18 1-sam [ Normalize... @& R-Interface
EH raw {1-sample-1 Duplicate data sets Correlation Matrix
¢ B 1-sample-17 1-sam Copy data sets for pasting elsewhere ¥  T-Test with custom data options
£ IR Studies A& ANOVA with custom data options
LS E 1-sample-18 1-sam R
FH raw {1-sample-1 Tree options... &7 Hierarchical Cluster Analysis
¢ m T-sample-19 1-sample-19[SAM_TEST] PL: Principal Component Analysis
ER raw {1-sample-19} X3 Support Vector Machine <dev. only>

Do pairwise t-test combinations <<Dev. Only=>>

K-Means

Figure 7-32: select datafor SAM multi class test

Select Dataset Group for SAM Tests
Assign Data Sets Into Groups
e
Groups: 593 = d‘}' == o
ssign to New Group || L il Assign to... | Clear All Groups | | Swap Dyes
257 |« Hybridization| SAMPLE 1 Datafile LABEL 1 ARRAYTYPENAME | ASSAY 1
7 Filters |~
1 @ 1-sarple-1 1-gample-1 1-sample-1tt  [SAM_TEST SAM_500 In ¥ivo
z @ 1-sample-10  |[1-sample-10  |1-sample-10.64 |SAM_TEST SAM_500 In Wivo
2 ® 1-sample-11  |1-sample-11  |[1-sample-11.t4 |SAM_TEST SAM_500 In ¥ivo
4 @ 1-sample-12  |1-sample-12  |1-sample-12.t4 |SAM_TEST SAM_500 In ¥ivo
5 @ 1-sample-13  |1-sample-13  |1-sample-13.t4 |SAM_TEST SAM_500 In Wivo
& @ 1-sample-14  |1-sample-14  [1-sample-14.t4 |SAM_TEST SAM_500 In ¥ivo
tl @ 1-sample-15  |1-sample-15  [1-sample-15.t4 |SAM_TEST SAM_500 In ¥ivo =
&l @ 1-sample-16  |1-sample-16  |[1-sample-16td |SAM_TEST SAM_A00 In Yivo
a @ 1-sample-17  |1-sample-17  |1-sample-17.td |SAM_TEST SAM_500 In Wivo
10 @ 1-sample-18  |1-sample-18  [1-sample-18.t4 |SAM_TEST SAM_500 In ¥ivo
11 @ 1-sample-19  |1-sample-19  |[1-sample-19.t4 |SAM_TEST SAM_500 In Wivo
12 @ 1-sample-2 1-sample-2 1-sample-2.td  [SAM_TEST SAM_500 In Wivo
13 @ 1-sample-20  |1-sample-20  |1-sample-20.t4 |SAM_TEST SAM_500 In ¥ivo
14@ 1-sample-3 1-sample-3 1-sample-3tt  [SAM_TEST SAM_500 In ¥ivo —
15 @ 1-sample-4 1-sample-4 1-sample-4bt  |SAM_TEST SAM_500 In Wivo
18 @ 1-sample-5 1-sample-3 1-sample-5tt  [SAM_TEST SAM_500 In ¥ivo
17 @ 1-sample-B 1-sample-6 1-sample-B.t  [SAM_TEST SAM_500 In ¥ivo
18 @ 1-sample-7 1-sample-7 1-sample-7 bt |SAM_TEST SAM_500 In Wivo
13 @ 1-sample-8 1-sample-8 1-sample-8.t¢  [SAM_TEST SAM_500 In ¥ivo
20 @ 1-sample-9 1-sample-9 1-sample-9tt  |SAM_TEST SAM_500 In ¥ivo
21 @ 2-sample-21 Z-sample-21 | 2-sample-21 b4 [SAM_TEST SAM_A00 In Yivo
22 @ 2-sample-22  |2-sample-22 | 3-sample-22 bt |SAM_TEST SAM_500 In Wivo
3 @ 2-zample-23  |Z-sample-23 | 2-sample-23.04 |SAM_TEST SAM_500 In ¥ivo
24 @ 2-zample-24 | 2-zample-24 | 2-sample-24.b4 |SAM_TEST SAM_500 Ir Wi
z5 @ 2-sample-26  |2-sample-26 | Z-sample-25.bd |SAM_TEST SAM_500 I Wivo
26 @ 2-sample-26  |Z-sample-26 | 2-sample-26.t4 |SAM_TEST SAM_500 In ¥ivo =
4] [*]
5 groups, sizes =[5, 6, 5, 5, 5]
Before click 'next >*, Please check the group assignment again!
Analysis type: |Mllllit:|ﬁss ‘V‘ | Next > ‘

Figure 7-33: assign dataset to multiple groups
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Two class paired
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Select Dataset Group Assignments for SAM Tests

Assign Data Sets Into Groups

= —T—] -
§ Groups: ‘{b P T
Assign to New Group | Unassign Assign to... | Clear All Groups Swap Dyes

%ﬁ |A Hybridization| SAMPLE 1 Catafile LABEL 1 Two class paired
~F Filters
1 -1-gample-1 -1-sample-1  |-1-sample-1.&4 [SAM_TEST
2 -2d-zample-2 -2-zample-2 |-2-sample-2.Bt [SAM_TEST .

Class assign
e -3-sample-a -3-sample-a  |-3-sample-5bt [SAM_TEST
4 -d-gample-g -d-sample-6  |-d-sample-G.bt [SAM_TEST i®) Before () After
5 1-sample-3 T-gample-3  |1-sample-3td  [SAM_TEST
G 2-sample-4 Z-sample-4  |Z-sample-4.bd  |SAM_TEST Use "Assign to...” for specific one
7 Fsample-7 IF-gample-¥ | 3-sample-T it [SAM_TEST
2 4-sample-8 4-sample-8  |d-sample-3.6d  [SAM_TEST
1 | OK || Cancel |
Please assign the group informatTon Tow |
Analysis ty, Two class paired m =<Must assign groups!>> |

Figure 7-34: assign data for two class paired SAM test

To do two class paired test, select the analysis type first (see Figure 7-34). Select datafor the first
group, then click button “ Assign to New Group”. A pop-up window will let the user choose “Before” or
“After”. Choose “Before’for group one, choose “ After” for group two. Figure 7-35 shows the assigned two
groups. Click “Next” button. The rest steps are the same as other SAM test.

Select Dataset Group Assignments for SAM Tests :

=l v |

Assign Data Sets Into Groups

@ Groups: .:,']: = C"}' == :*:
Assign to New Group | Unassign Assign to... | Clear All Groups Swap Dyes

%{ﬁ |A Hybridization| SAMPLE 1 Datafila LABEL 1 |ARRAYTYPERNAME ASSAY 1
SF Filter-= i
-1 -1-sample-1 -1-sample-1  |-1-sample-1.td [SAM_TEST |SAM_TK In Wivo
-2 -2-sample-2 -2-zample-2  |-Z-sample-2td |SAM_TEST |SAM_TK In Wivo
-3 -3-sample-5 -3-sample-5  |-3-sample-5.td [SAM_TEST |SAM_TK In Wivo
-2} -4-zample-6 -4-zample-6  |-4-sample-6.td |SAM_TEST |SAM_TK In Wivo
1 1-sample-3 1-sample-3 1-sample-3.bd  [SAM_TEST |SAM_TK In Wivn
2 2-zample-4 2-zample-4 | 2-sample-4 &t |SAM_TEST |SAM_TK In iva
3 3-sample-¥ I-zample-7 F-sample-7bd  [SAM_TEST |SAM_TK 1N Wiwn
fut 4-zample-& d-zample-8  |4-sample-8 bt |SAM_TEST |SAM_TK In iva -

1]

L]

Before click 'next =", Please check the group assignment again!

Analysis type: |Twu class paired

[ [z

Figure 7-35: assign data to two groups
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One class timecourse

Before assign the groups, users need to choose the analysis type (one class timecours), then

Center for ToxicoinformaticsNCTR/FDA

highlight the first data group and click “Assign to New Group” button, see Figure 7-36. After the time point

window popping up (seeinlay), users need to select radio button “ Start” and type 1 in “Time” text box.

Click OK button.

Select Dataset Group Assignments for SAM Tests

o' m E

Assign Data Sets Into Groups

— O = $ | = -
Assign to New Grouy Unassign Assign to... | Clear All Groups Swap Dyes
g7 | ~ Hybridizaf SAMPLE 1 Diatafile LABEL 1 |ARRAYTYPEMNAME | ASSAY 1
ST Filter» [~
1 1Time1 Star-sample-11 | 1Time1 Stad-sample-11 [1Time1 Start-sample-11 8¢ | SAM_TESSAM_1000 In “ivo
2 1Time1 Start-sample-12 1Time1Start-sample-1 [1Time1 St ko oD &l
3 1Time1_ 1 Start-sample-61Time1 15tartsample-6[1Time1 14 —1|
4 1Time2-sample-12 1Time2-sample-12 1Timez-5
5 1Time2-sample-2 1Time2-sample-2 1Time3-5
Time point
5 1Time2.5-sample-7 1Time2.5-sample-7 1Tirme2.54
7 1Time3-sample-13 1Time3-sample-13 1Time3-s @ Start ) End ) Other =
8 1Time3-sample-3 1Time3-sample-3 1Time3-s
a 1Time3 7-sample-8 1Time3 7-sample-8 1Tirne3.7- Time : [1]
1o 1Timed-sample-14 1Timed-sample-14 1Timed-s
11 1Timed-sample-4 1Timed-sample-4 1Timed-s Use "Assign to...” Tor specific one
12 1Timed_.1-sample-9 1Tirme4.1-sample-9 1Tirmed. 1
13 1TimesEnd-sample-14 |1 TimeadEnd-sample-14 [1Time5E
14 1TimesEnd-sample-5  1TimeSEnd-sample-5  |[1TimesE =
15 1"r|imnﬁ AEnd-samnle-111Times SEnd-samnle-101Times & :’|L

Please assign the group information now !

| 'D <<Must assign groups!>> ‘

Analysis type: ‘One class timecourse

Figure 7-36: one class timecourse — assign data to time point start

Select Dataset Group Assignments for SAM Tests
Assign Data Sets Into Groups
\ [— ] [— 1] L)
& 0 oo = . s
Assign to New Grnu& Unassign Assign to... | Clear All Groups Swap Dyes
ae7 | 4 HyhricZate— SAMPLE 1 Datafile LABEL 1 [ARRAYTYPEMAME | ASSAY 1

NP Filter= - |
1T1.05-1 A1TimelStart-sample-11 [1Timed Starbsample-11 [1Time1 Start-sample-11 tt | SAM_TES SAM_1000 In Wivo

1T1.05-2 1TimelStat-sample-12 |1Time1 Star-sample-1 e LDl S In Wivo

1T1.05-3 1Timel_1Starksample-81Time1 1 Start-sample- ULEEEEER ) EE T £ In Yivo

4 r- 1Time2-sample-12 1TimeZ-sample-12 In Wiva

3 1Time2-sample-2 1Timez-sample-2 In Wivo

& L 1Time2.5-sample-7 1TimeZ 8-sample-7 Time point In Wiva

7 1Time3-sample-13 1Time3-sample-13 In Wivo

8 1Time3-sample-3 1Titne3-sample-3 C start O'End (@ Other In vivo

9 1Time3.7-sample-8 1Time3. 7-sample-8 T o |2| In Wivo

o 1Time4-sample-14 1Timed-sample-14 In Wiva

11 1Timed-sample-4 1Time4-sample-4 N - In Wivo

12 1Timed_1-sample-3 | 1Timed.1-sample-g se Assign to... for specilic one I Viva

12 1Time5End-sample-18 [1TimeSEnd-sample-14 In Wivo

14 1Time5End-sample-5 1TimesEnd-sample-5 In Wivo

15 1Timea_8End-sample-111Time5 5End-sample-1 | oK | ‘ Cancel | In Vivo |

1] [*]
Before click 'next >', Please check the group assignment again!
Analysis type: |0ne class timecourse | - | | MNext = ‘

Figure 7-37: one class timecourse — assign data to time point 2
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Be aware that in Figure 7-37 the time point option is “other” for the second group.
Repeat the steps to assign the other groups. But for the last group, make sure the option for “End” is
checked. Click OK button. See Figure 7-38.

Select Dataset Group Assignments for SAM Tests ? o i A |
Assign Data Sets Into Groups
= [— 1 -
Groups:
ar aF o
Assign to New Group | Unassign Assign to... | Clear All Groups Swap Dyes
| 4 Hyhridization SAMPLE 1 . EAYT 1

T Fiters One class timecourse rgl a|
1T1.05-1 1Time1Stat-sample-11 |1Time1 Star-sample-11 [1Ti 0

1T1.05-2 1Time15tartsample-12 |1Time1 Starksample-1 [1Ti 0

1T1.08-3  1Time1_15tarksample-6 1Time1.1Starksample-61 Ti Time poirt vo

1T2.0-1 1Time2-sample-12 1Time2-sample-12 1Ti ) Start @ End () Other 0

1T72.0-2 1Time2-sample-2 1Time2-sample-2 1Ti 01

1T2.0-3  1Time2.5-sample-7 1Time2 5-sample-7  [1Ti Time : [4] | v

1T3.0-1 1Time3-sample-13 1Time3-sample-13 1Ti 0

1T3.0-2 1Time3-sample-3 1Time3-sample-3 1Ti Use Assign to... for specific one 0

1T3.0-3 1Time3.7-sample-8 1Time3.F-sample-28 1Ti 01

174 .0-1 1Timed-sample-14 1Timed-sample-14 1Ti 01

174.0-2 1Timed-sample-4 1Timed-gample-4 1Ti 401

1T40-3  1Timed_1-sample-9 1Time4 1-sample-9 1Ti i

13 1TimesEnd-sample-15  |1TimesEnd-sample-15 [1Ti — — 0

14 1TimesEnd-sample-5 1TimesEnd-zample-5  |1TimesEnd-sample-5.td SAM_TES SAM_1000 In Wi

15 1Times_.5End-sample-111Time5.5End-sample-1(1Time5. 5End-sample-10.t4 | SAM_TES SAM_1000 In Wiva = |

4] []
Before click 'next =', Please check the group assignment again!
Analysis type: |0ne class timecourse |v | | Next » |

Figure 7-38: one class timecourse — assign data for the end time point

Select Dataset Group Assigr ts for SAM Tests
Assign Data Sets Into Groups
LN ]
Groups: i v -_ ‘{'5 == i
Assign to New Group | Unassign Assign to... | Clear All Groups Swap Dyes
der | « Hyhridization SAMPLE 1 Datafile LABEL 1 |ARRAYTYPEMAME | ASSAY 1
N7 Filter= =
1T1.05-1 1Timel Stat-sample-11 |1Time1 Sta-sample-11 [1Time1 Starksample-11.64¢  |SAM_TEST |SAM_1000 In Wivo
1T1.05-2 1TimelStart-sample-12 |1Time! Startsample-1 (1 Time1 Starksample-1. 0t |SAM_TEST |SAM_1000 In ivo
1T1.02-3 1Tirmel_1Startsample-61Tirme1 .1 Start-sample-6[1 Time1.1 Startsample-6.6¢ |SAM_TEST |SAM_1000 In Wivo
1T2.0-1 1Time2-sample-12 1Tirne2-sample-12 1Tirme2-sample-12 td SAM_TEST |SAM_1000 In Wivo
1T2.0-2 1Time2-sample-2 1Time2-sample-2 1Time2-sample-2 bt SAM_TEST |SAM_1000 In Wivo
1T2.0-3 1Time2 8-sample-7 1Tirme2 5-sample-7 1Time2 s-sarmple-7 td SAM_TEST |SAM_1000 In Wivo
1T3.0-1 1Time3-sample-13 1Time3-sample-13 1Time3-sample-13 bt SAb_TEST |SAM_1000 In ivo
1T3.0-2 1Time3-sample-3 1Tirme3-sample-3 1Time3-sample-3 bt SAM_TEST |SAM_1000 In Wivo
1T3.0-3 1Time3. 7-sample-2 1Tirne3. 7-sample-2 1Tirmed 7-sarmple-2 tt SAM_TEST |SAM_1000 In Wivo
1T4.0-1 1Timed-sample-14 1Timed-sample-14 1Timed-sample-14 bt SAM_TEST |SAM_1000 In Wivo
174 .0-2 1Timed-sample-4 1Tirmed-sample-4 1Timed-sample-4 bt SAM_TEST |SAM_1000 In Wivo
1T4.0-3 1Timed_ 1-sample-9 1Timed 1-sample-9 1Timed 1-sample-9 bt SAb_TEST |SAM_1000 In ivo
1TS.0E-1 1TimesEnd-sample-15  |1TimesEnd-sample-15 [1TimesEnd-sample-15td  |SAM_TEST | SAM_1000 I Wivo
1TE.0E-2 1TimesEnd-sample-5  |1TimesEnd-sample-5 |1 TimesSEnd-sample-5 bt SAM_TEST |SAM_1000 In Wivo
1TS.0E-3 1Times_5End-sample-111Times 5End-sample-101Times SEnd-sample-10.t4 |SAM_TEST |SAM_1000 In Wiva |
4 [»]
Before click 'next =', Please check the group assignment again!
Analysis type: |0ne class timecourse |V| | Next > |

Figure 7-39: one class timecourse — all the data are assigned
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Figure 7-39 shows the final look after all the data assigned to groups. Click “Next” button. The rest
steps are similar with other SAM test. Figure 7-40 shows the default value for one class timecourse. Click
“Do Tests” button will get results.

Select Dataset Group Assignments for SAM Tests

(ol v |

0One class timecourse problem

Significance Analysis of Microarrays (SAM)
SAM-Tests Options

Time summary method: | @ Slop  Signed area

Number of permutations: ‘ Limit to{100~1000): |100 ‘

Estimation of s0 factor: | @ Automatic ( Used fixed percentile(%) |50

Imputation engine:

‘ Number of neighbors of KNN |10 ‘

Random number seed: |1 234567 | | Generate Random Seed |

Calculate the fold change’s effect on FDR (may take a while)? | ® No ' Yes

Filtering with a gene list

Only include genes from gene list

Gene identifiers to include

Genbank Acc Gene Mfr ID LOCUSID [] UNIGENEID GENENAME

| < Back || Do Tests |

Figure 7-40: default value for one class timecourse

Two class unpaired timecourse

Right-click the selected dataset, choose “Analysis’ ->SAM-Test.

9 SAM-EXAMPLES_TEST
o [ MultiC:lass_500
o [ oneClassTimecourse_1000
o= [ OneClass_1000
o[O3 Paired_7129
o [ PatternDiscovery_1000
o [ Quantitative_7129
o [ Survival_7129
o= [ TwoClassBig_2000
o [ TwnClassBlocked_7129
o [ TwioClassMissing_s00
o [ TwoClassPairedTimecourse_1000

¢ [ TwoClassUnpairedTimecourse_1000
? ﬁ 1Time1.15tark-2ample-6 1Time1.1 Stark-=ample-G[SAM_TEST]
EH raw {1Time1 15tart-sampla.GL

o 8 1Time1Start-sample-1 1Ti BE
EH raw {1Time1Start-samp
o B 1Timed Startsample-11 17] #
EH raw {1Time1 Start-samp .
? m 1Time2-sample-12 1 Timel
EH raw [1Time2-sample-12 .
o B 1Timez-sample-2 1TiMme 2| S,
B raw {1 Time2-sample-2} il
L4 ﬁ 1Time2 8-sample-7 1Time
EH raw {1Time2.5-sample-
o B 1Times-sample-13 1 Tirme
EH raw {1Time3-sample-1

View data set(s) as wide spreadsheet - datasets side by side
Export 3
Mixed scatterplot

Virtual array images for data

Actual array images for data <<Dewv. Only>>
Rank intensity plots for data

BarChart

Create gene list by data filtering...

N

Quality Control

LS ﬁ 1Time3-sample-3 1Time3- E—ll HNormalize... @
B raw {1Timed-sample-3} Duplicate data sets
¢ B 1Time3 7-sample-8 1Time Copy data sets for pasting elsewhere w
EH raw {1Time32.7-sample- ST d
o B ATt ool 44 4T3 bUiEs #
e .
@ lihrans C i

T-Test/ANOVA

R-nterface

Correlation Matrix

T-Test with custom data options
ANOVA with custom data options
Hierarchical Cluster Analysis

Figure 7-41: two class unpaired timecourse
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Make sure that the analysis type is selected before assigning dataset. For two class unpaired
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timecourse, the steps are ssimilar as one class time course. Users assign start time point, middle point and
end time point for class one. And then repeat the steps for class two. Be aware that if class one in assigned
control group, then class two should be assigned to treated group. Figure 7-42 shows three hybridizations
are assigned to control group time point 1. For time point option, “ Start” is selected.

[ Select Dataset Group Assignments for SAM Tests 3 |
Assign Data Sets Into Groups
e
Groups: ‘1} = ‘1} == O
Assign to New Group | Unassign Assign to...  Clear All Groups Swap Dyes
Errd I 4 Hybridization SAMPLE 1 Dataflle LABEL 1 ARRAYTYPE
SF Filter> |~
1 1Time1.15tart-sample-§ 1Time1.15tart-sample-8 1Time1.15tarksample-6.b4 SAM_TEST SAM_1000
2 1Time1 Start-sarmple-1 1Tirme1 Start-sample-1 ATime1 Stark sample-1.bd SAM_TEST SAM_1000
3 1Time1 Startsample-11 1Time1 Start-sample-11 1Time1 Starksample-11.54 SAM_TEST SAM_1000
4 1Time2-sample-12 1 2- 1Time2-sample-12.t4 SAM_TEST SAM_1000
5 1Time2-sample-2 ] SAM_TEST SAM_1000
class unpaired timecourse ['5?‘
5 1Time2 5-sample-7 - SAM_TEST SAM_1000
7 1Time3-sample-13 SAM_TEST SAM_1000
g 1Time3-sample-3 SAM_TEST SAM_1000
o 1Time3.7-sample-8 EEA5EE SAM_TEST  |SéeM_1000
10 1Timed-sample-14 @ control ) Treated SAM_TEST SAM_1000
1 1Timed-sample-4 SAM_TEST SAM_1000
12 1Timed.1-sample-8 Time point SAM_TEST  |SAM_1000 |
12 1Times5. 5End-sample-10 @ sStart O End O Other b SAM_TEST SAM_1000 r
14 1TimesEnd-sample-15 SAM_TEST SAM_1000
15 1TimeSEnd-sample-4 Time : 1 | SAM_TEST SAM_1000
18 2Time1.15tart-sample-18 et SAM_TEST SAM_1000
17 2Time1.15tart-sample-26 Use Assign to... for specific one tat SAM_TEST SAM_1000
18 2Time1 Start-sarmple-21 o SAM_TEST SAh_1000
9 2TimeZ-sample-22 SAM_TEST SAM_1000
20 2Time2 S-sample-17 SAM_TEST SAM_1000
21 2Time2 5-sample-27 SAM_TEST SAM_1000
22 2Time3-sample-23 SAM_TEST SAh_1000
23 2Time3.7-sample-18 2Time3.7-sample-18 2Time3.7-sample-18.b4 SAM_TEST SAM_1000
24 2Time3.7-sample-28 2Time3.7-sample-28 2Time3.7-sample-28.td SAM_TEST SAM_1000
25 2Timed-sample-24 2Timed-sample-24 2Timed-sample-24 td SAM_TEST SAM_1000
28 2Timed.1-sample-19 2Timed.1-sample-19 2Timed.1-sample-19.61 SAM_TEST SAM_1000
27 2Time4.1-sample-29 2Time4.1-sample-23 2Time4.1-sample-29.bd SAM_TEST SAM_1000 =
C il i I vl
Before click next >', Please check the group assignment again!
Analysis type: |Twn class unpaired timecourse ‘ A ‘ | Next > ‘

Figure 7-42: two class unpaired timecourse — assign group one (control)

—
E Select Dataset Group

for SAM Tests

Assign Data Sets Into Groups

zx-
o B

e
Groups: & = i == o
Assign to New Group | Unassign Assign to... | Clear All Groups Swap Dyes
%ﬁ I - Hybridization SAMPLE 1 Dataflle LABEL 1 ARRAYTYPE
7 Fitter.> il
1T1.08-1 1Time1.15tark-sample-6 1Time1.15tar-sample-B 1Time1.15tart-sample-B td SAM_TEST SAM_1000
1T1.08-2 1Time1Star-sample-1 1Time1 Start-sample-1 1Time1 Start-sample-1 bt SAM_TEST SAM_1000
1T1.05-3  1TimelStartsample-11 1Time1 Start-sample-11 1Time1 Start-sample-11.b4 SAM_TEST SAM_1000
1T2.041 1Time2-sample-12 Tw class unpaired timecourse &l SAM_TEST SAM_1000
1T2.0-2  1Time2-gample-2 — SAM_TEST SAM_1000
1T2.0-3  1Timez.5-sample-7 SAM_TEST SAM_1000
1T3.01 1Time3-sample-13 B SAM_TEST SAM_1000
1T3.0-2  1Time3-sample-3 Class assign Sam_TEST  |sam_1000
1T3.0-3  1Time3.7-sample-8 ) Control @ Treated SAM_TEST SAM_1000
174 01 1Timed-sample-14 SAM_TEST SAM_1000
174.0-2  1Time4-sample-4 Time point SAM_TEST  |SAM_1000
1T4.0-3  1Time4.1-sample-g ® start O End O Other SAM_TEST SAM_1000 1
1TS.0E-1 1Times.5End-sarmple-10 Reid SAM_TEST SAM_1000 |
1T8 0E-2 1Time5SEnd-sample-15 Time : |1| bt SAM_TEST SAM_1000
1TS.0E-3 1TimesEnd-sample-5 SAM_TEST SAM_1000
18 [2Time1.1start sample-16 W o o TR A SAM_TEST  |SAM_1000
17 2Time1.18tart-sample-26 6t SAM_TEST SAM_1000
18 2Time1Start-sample-21 bt SAM_TEST SAM_1000
e 2Time2-sample-22 SAM_TEST SAM_1000
20 Time2.5-sample-17 SAM_TEST  |SAM_1000
21 2Time2 5-sample-27 SAM_TEST SAM_1000
22 2Time3-sample-23 2Time3-sample-23 2Time3-sample-23.bd SAM_TEST SAM_1000
23 aTime3.7-sample-18 2Time3.7-sample-18 2Time3.7-gample-18.64 SAM_TEST SAM_1000
24 2Tirme3.7-sample-28 2Time3.7-sample-28 2Time3.7-sample-28.bd SAM_TEST SAM_1000
25 2Time4-sample-24 2Timed-sample-24 2Timed-sample-24 b SAM_TEST SAM 1000
20 2Time4.1-sample-19 2Timed.1-sample-19 2Timed. 1-sample-19.bd SAM_TEST SAM_1000
27 2Time4.1-sample-29 2Timed.1-sample-23 2Timed.1-sample-29.64 SAM_TEST SAM_1000 =

4]

]

Before click ‘next >, Please check the group assignment again!

Analysis type: ‘Twu class unpaired timecourse ‘ v| | Next > ‘

Figure 7-43: two class unpaired timecourse — assign group two (treated)
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Figure 7-43 shows that control groups assignment is finished. Then select data for treated group.
Repeat the steps to assign group two from start point to end time point. Figure 7-44 shows the final ook
after assignment is finished. Click “Next” button to get SAM resullt.

Select Dataset Group Assignments for SAM Tests o' @ X
Assign Data Sets Into Groups
"
. Groups: * = b == O
Assign to New Group| | Unassign Assign to... | Clear All Groups Swap Dyes
%ﬁ I « Hyhridization SAMPLE 1 Datafile LABEL 1 |ARRAYTYPEMAME| ASSAY 1
57 Filter» |
( 1T1.05-1 1Time1.1Stak-sample-6 [1Time1.1Start-sample-6 |1 Timeal . 15tat-sample-6.td  |SAM_TEST  |SAM_1000 ]
1T1.05-2 1TimelStartsample-1  [1Timel Stat-sample-1 |1 Timel Starksample-1.td SAM_TEST  SAM_1000 Ih Wivio
1T1 05-3 1TimelStartsample-11 [1Timel Stat-sample-11 |1 Timel Stat-sample-11 6t |SAM_TEST  |SAM_1000 Ih Vivio
1T2 0-1 1Time2-sample-12 1Time2-sample-12 1Time2-sample-12 bt SAM_TEST  SAM_1000 In Vivo
1T2.0-2 1Time2-sample-2 1Time2-sample-2 1Time2-sample-2 td SAM_TEST  SAM_1000 In Vivo
1T2.0-3 1Timez2.5-sample-7 1Time2.5-sample-7 1Time2 d-sample-7.td SAM_TEST  SAM_1000 In Vivio
1T3.0-1 1Time3dsample-13 1Time3-sample-13 1Time3-sample-13 bt SAM_TEST | SAM_1000 In Vivio
CIaSS one < 1T8.0-2  1Time3-sample-3 1Time3-sample-3 1Time3-sample-3.t¢ SAM_TEST _|5AM_1000 In Viva
1T3.0-3 1Time3.7-sample-8 1Time3.7-sample-3 1Time3.7-sample-2.bt SAM_TEST | SAM_1000 In Vivo
1T4.0-1 1Timed-sample-14 1Timed-sample-14 1Timed-sample-14 t4 SAM_TEST  SAM_1000 In Wivio
1T4.0-2 1Timed-sample-4 1Timed-sample-4 1Timed-sample-4 td SAM_TEST  SAM_1000 In Wivio
1T4.0-3 1Timed. 1-sample-9 1Timed. 1-sample-9 1Timed . 1-sarmple-9.t¢ SAM_TEST  SAM_1000 ]
1TS.0E-1 1TimeasEnd-sample-10{1Times.5End-sample-101Timeas SEnd-sample-106t  |SAM_TEST  |SAM_1000 ]
\ 1TS.0E-2 1TimesEnd-sample-15 |1TimesEnd-sample-15 |1 TimesEnd-sarnple-15.td SAM_TEST  SAM_1000 Ih Wivio
1T 0E-3 1TimesEnd-sample-5  [1TimeSEnd-sample-5 |1 TimeAEnd-sample-5 td SAM_TEST  SAM_1000 In Vivo
( 2T1.05-1 2Timel.15tar-sample-16 2Time1.1Start-sample-16 2Time1 1 5tar-sample-16.t4  |SAM_TEST  |SAM_1000 In Vivo
2T1.05-2 2Time1.18tart-sample-26 2Time1.1 Start-sample-26 2Time1 1 Star-sample-26.54 |SAM_TEST  |SAM_1000 In Vivio
2T1.05-3 2TimelStart-sample-21 |[2Time1Stat-sample-21 |2Timel Starksample-21.6¢  |SAM_TEST  |SAM_1000 In Vivio
2T2.0-1 2Time2-sample-22 2Time2-sample-22 2Time2-sample-22 bt SAM_TEST  SAM_1000 In Vivi
2T20-2  2Time2.s-sample-17 2Time2. 5-sample-17 2Time2 5-sample-17.bd SAM_TEST | SAM_1000 In Vivo
2T20-3 2Time2&-sample-27 2Time2 5-sample-27 2Time2 5-sample-27 bt SAM_TEST | SAM_1000 In Vivo
2T3.0-1 2Time3-sample-23 2Time3-sample-23 2Time3-sample-23 tt SAM_TEST  SAM_1000 In Wivio
CIaSS tWO < 27T3.0-2 2Time3.7-sampla-18 2Time3.7-sample-18 2Time3.7-gample-18.t4 SAM_TEST  SAM_1000 ]
2T3.0-3 2Time3.7-sample-28 2Time3. 7-sarmple-28 2Time3. 7-sample-28.t4 SAM_TEST SAM_1000 ]
2T4.0-1 2Timed-sample-24 2Timed-sample-24 2Timed-sample-24 tt SAM_TEST  SAM_1000 Ih Wivio
274 0-2 2Timed 1-sample-19 2Timed 1-sarmple-19 2Timed 1-sample-19 td SAM_TEST  SAM_1000 Ih Vivio
2T4 0-3 2Timed 1-sample-29 2Timed 1-sample-29 2Timed 1-sample-29 td SAM_TEST  SAM_1000 In Vivo
2TS0E-1 2TimedaEnd-sample-20|2Timea. 5End-sample-20 | 2Timea SEnd-sample-206t  |SAM_TEST  |SAM_1000 In Vivio
2T 0E-2 2Timea aEnd-sample-30|2Timea. AEnd-sample-30 | 2Timea SEnd-sample-306t | SAM_TEST  |SAM_1000 In Vivio
\ 2T 0E-3 2Time5End-sample-25 | 2TimesEnd-sample-25 | 2Time5End-sample-25.td SAM_TEST  SAM_1000 In Vivo z
4] [*]
Before click "next >', Please check the group assignment again!
Analysis type: |Twu class unpaired timecourse ‘ (‘ ‘ Next > |

Surviva

Right-click the selected data set, choose “Analysis’->SAM-test.

Figure 7-44: finished assignment for two class unpaired timecourse

¢ @ SAM-EXAMPLES_TEST
o= [ MultiClass_500
o~ 3 oneClassTimecourse_1000
o [ OneClass_1000
o= [J Paired_7129
e [ PatiemDiscavery_1000
o [ Quantitative_7123
& [ZJ Sunvival_7120
- [ Gene Lists

¢ BB 013, 1)-sample-6 (1.3, 1)-sample-6[SAM_TEST]
B raw (1.2, 1) sample B}

View data set(s) as wide spreadsheet - datasets side by side

o 8 (11610, 0-sample-z (1
o B (13263, 11sample-1 (1

T ﬁ (145.0, 1)-sample-4 (14

B

B rawei(1151.0, O)-ga) Export
& Mixed scatterplot

o et oo e B virtual array images for data

EE raw{(145.0, 13-samg| BB Actual array images for data <<Dev. Only>>
- Rank intensity plots for data

o B8 s06.1, 1)-2ample-7 (50
BB raw {(506.1, 13-sam
o B 578, 1)-sample-5 (57
B raw {(57.8, 13-

»

¢ BB (605 4, 0)-sample-3 (B0)
BB raw {(B0S 4, 0)-sam
o B 6220, 1)-sample-8 (52
B raw {(B23.0, )-sam|
o [ TwoClassBig_2000
o [OJ TwoClassBlocked_7129
o [23 TwoClasshizsing_500
o= [[] TwaClassPairedTimecours

Duplicate data sets
Copy data sets for pasting elsewhere
Studies

Tree options...

BnA oM

il BarChart
= Create gene list by data filtering...
Analysis X T-TestiANOVA
Quality Control ’ SAM-Test
[0 Normalize... Renterface

Correlation Matrix

T-Test with custom data options
ANOVA with custom data options
Hierarchical Cluster Analysis

Figure 7-45: SAM-test Survival
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Remember to select analysistype before assigning. This data set has two groups. The first
number in parenthesis represent time, and the second number is parenthesis (1 or 0) represents
“died” (1) or “censored” (O) group.

Select Dataset Group Assignments for SAM Tests

Pl |

Assign Data Sets Into Groups

@ Groups: . i -_ ==
Assign to New Group | Unassign Clear All Groups
Elrd | Hybridization SAMPLE 1 E| ASSAY 1

SF Filter-= -~ |
1 (1.3, 1-sample-6 (1.3, 13-zample-§ 1.3, 13- In Wivo

2 (1151.0{0)\sample-2 1141.0, M-sample-2 1151.0, ~ censored In V!vn

3 (1325.3\1)lsample—1 {1326.3, 1)-sample-1 {1326.3, I Wiva

4 (144.0, Tr-sample-4 {14450, 1)-sample-4 (144.0, Time : 1.3 In Wivo

g (a06.1, 1)-sample-7  |{506.1, 1)-sample-7 (506.1, In Vivo

2 (a7.8, 1)-sample-5 (57.8, Tr-zample-5 ara 1 I Wiva

7 (6054, M-zample-3 {6054, M-sample-3 (604.4, I Wiva

8 (623.0, 1)-sample-8  [(623.0, 1-sample-8  [(B23.0, | OK H Cancel ‘ In ive =

1] [+]

Before click 'next >, Please check the group assignment again!

Analysis typed|Survival M| Next > ‘

Figure 7-46: SAM-test survival — assign group

In Figure 7-46, the first data“ (1.3, 1)-sample-6" of “died” group is selected. After clicking “Assign
to New Group” button, the user needsto typein time for the first data (e.g. 1.3). Click OK button. Repest
the previous steps to assign the other data of group 1. See Figure 7-47.

(ol O |

Select Dataset Group Assignments for SAM Tests

Assign Data Sets Into Groups

@ Groups: . 4]:'
Assign to New Group
%{W | Hybridization SAN 1 |ARRAYTYFERAME | ASSAY 1

SEOFilter= =l
[(1.3.1) (1.3, Tr-sample-6 (1.3, 1-sam T |SAM_TK I Wivio

2 (1151.0, 0)-sample-2 [{11451.0, 0j-5 [IDied []Censored T | SAM_TK In g

3 (1326.3, 1)-sample-1 |{1326.3, 1)-5 T |SAM_TK In v

4 {1450, 13-sample-4  [{145.0, 1)-54 Time : [1326.3 T | SAM_TH In Viva

5 (506.1, 1)-sample-7 |(506.1, 1)-54 T | SAM_TK In Wivo

& (57.8, 1)-sarmple-5  |(57.8, 1353 T |SAM_TK I Wivo

7 (605.4, D}-sample-3  |(605.4, 0)-s4 T |SAM_TK In Wivo

g (623.0, 1)-sample-8  |{623.0, 1)-54 T | SAM_TK In Wivo = |

1] [*]

Before click 'next >', Please check the group assignment again!

Analysis type: |Sun|lival |v || Next > |

Figure 7-47: SAM-test survival -assign other data
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Figure 7-48 shows that all the data of group 1 has been assigned. Then select datain group O
censored) to repeat the same steps to assign (see Figure 7-49).

Select Dataset Group Assignments for SAM Tests

ol . B |

Assign Data Sets Into Groups

e
@ Groups: . > -_ == O
Assign to New Group | Unassign Clear All Groups Swap Dyes

I %ﬁ I Hyhridization SAMPLE 1 Datafile LABEL 1 |ARRAYTYPEMAME | ASSAY 1
S Filter= -
(1.3,1] (1.3, 1rsample-G (1.3, 1)-sample-6 (1.3, 13-sample-6.t4 SAM_TEST |SAM_TK In Wivo

2 (11581.0, 0-sample-2 |{1141.0, 0)-sample-2 (115810, Oj-sample-2b¢ | SAM_TEST |SAM_TkK In Wivo
[1326.3,1) (1326.3, 1)-zample-1 [{1326.3, 1)-sample-1 (13263, 13-sample-1 bt |SAM_TEST |SAM_TK In Wivo
(145.0,17 (1450, Tysample-4  [(145.0, 1)-sample-4 144.0, 13-sample-4.bd SAM_TEST |SAM_TK In ¥ivo
(206.1,11 (506.1, 1)sample-7 (5061, 1)-sample-7 (506.1, 13-sample-7.bd SAM_TEST | SAM_TK In Yivo
[(87.8.1) (378, -sample-5 (A7.8, 1)-sample-5 (578, 1)-sample-5 bt SAM_TEST | SAM_TK I ivo

7 (6054, O-sample-3 | (G054, 0)-sample-3 (6054, M-sample-3.bd SAM_TEST |SAM_TK In Wivo
(B23.0,1) (B23.0, 1k-sample-8  [(E23.0, 1)-sample-8 (B23.0, 13-sample-8 bt SAM_TEST |SAM_TK In Wivo

1

Before click "'next >°, Please check the group assignment again!

Analysis type: ‘Sunﬂval

v Next> |

Figure 7-48: SAM-test survival —group 1 has been assigned

Select Dataset Group Assignments for SAM Tests

Assign Data Sets Into Groups

(] — 1 o
@ Groups: c['lj e
Assign to New Group | Unassign Clear All Groups Swap Dyes
I %{ﬁ I Hybridization SAMPLE 1 Datafile LABEL1 |ARRAYTYPENAME| ASSAY 1
5P Filterx -]
(1.3,1) (1.3, 1»sample-6 1.3, 1)-sample-B Survival E| In Yivo
2 (1151.0, M-sample-2 |(1151.0, 0}-sample-2 In Wivo
[1326.3,1) (13263, 1rsample-1 [{1326.3, 1)-sample-1 In Wivo
(145017 (1450, 1-sample-4  [(145.0, 1)-sample-4 I Wivi
(506.1,1) (5061, 1%-sample-7 | (506.1, 1)-sample-7 [|Died | Censored In vivo
[(87.68.1) (578, 1-sample-5 (57.8, 13-sampla-5 Time : 11510 In V?vo
7 (605.4, O)-sample-3  [(605.4, 0)-sample-3 I Wivo
(B23.0,1) (623.0, 1)-sample-8  |(623.0, 1)-sample-8 In Wivao |
4] ] |
| OK || Cancel |
Before click 'next >, H
Analysis type: |Sunrival "H Next > |

Figure 7-50 shows that all the data are assigned. Click “Next” button. The rest steps will be same as

other SAM test.

Figure 7-49: SAM-test survival —assign group 0
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Select Dataset Group Assignments for SAM Tests

Assign Data Sets Into Groups

= [—]—] -

§ Groups: cﬂ: ..
Assign to New Group| | Unassign Clear All Groups Swap Dyes
%ﬁ | Hyhridization SAMPLE 1 Datafile LABEL 1 |[ARRAYTYFEMAME | ASSAY 1
5P Filter> =
(1.3,1) (1.3, -sample-6 (1.3, 1-sample-6 (1.3, 1)-sample-6.td SAM_TEST | SAM_TK In Wivo
(1151000 (1151.0, 03-sample-2 [{1151.0, 0)-sample-2 (1181.0, -sample-2. 6t [SAM_TEST [SAM_TK 111 Wi
[1328.3,1) (13263, 1)-sample-1 [{1326.3, 1)-sample-1 (1326.3, 1-sample-1 8t [SAM_TEST |[SAM_TK 111 Wivn
(145017 (1450, 1)-sample-4  [{145.0, 1)-sample-4 (145.0, 13-sample-4 t«d SAM_TEST |SAM_TK In Yivo =
(B06.1,17  (506.1, 1)-sample-7  [(506.1, 1)-sample-7 (506.1, 1)-sample-7 tt SAM_TEST |SAM_TK In Wivi
a7.81 (57.2, 1-sample-5 (7.8, 1-sample-5 (578, 1)-sample-5.4d SAM_TEST | SAM_TK In Wivo
(605400 (6054, O-sample-3  |[{G05.4, M-sample-3 (6054, 0-sarmple-3 .t SAM_TEST |SAM_TK In Yo
(B23.0,1) (623.0,1)-sample-8  |{F23.0, 1)-sample-8 (623.0, 13-sample-5 .t SAM_TEST |SAM_TK In Yo hd
4] [»]
Before click 'next >', Please check the group assignment again!
Analysis type: |Survival “" ‘ Next > ‘
Figure 7-50: finished assignment for survival
7.8 K-Means

K-Meansisanew feature in ArrayTrack 3.4 version. There are several ways to access K-
means. 1) from T-test/Anovaresult (see Figure 7-51), 2) from SAM-test result (see Figure 7-28), 3)

right-clicking the selected data sets, choose “ Analysis’ -> “K-Means’'.

See Figure 7-52.

BlrtestResuns ;0 o F X
File Selected-Spot All-Spots Advanced
Genbank Acc| Gene Mfr D | LOCUSID | GEMEMAME | REFSEQ SPOTID ~ {13P  |Abs Fold .. |Ft
1 L26267 L26267_at (81736 kb1 HmM_00107... [516822 0 22286 2~
2 L15074 L16078mR...[24891 Abchd MM_012690 |516807 a0 1.8322 1=
3 Dav7336 DE7336_g.. (287552 Blmh MM_00103.. (516718 0.0001 1.766S 1,
4 K0T 365 HOT365_5_..|24404 Gl MM_030826 |517129 0.0001 1.7031 1.
5 M55534 M555834m... (25420 Cryah MW_012935 |516911 0.000z2 31305 0,
= JO2722 J02722cds.. 24451 Hmox1 MM_012580 |516748 0.00o2 6.2439 0.
7 EOO77E EOO778ods... 24256 Cyplal MM_012540 |516730 0.0002 3.9928 3
=] AADABAES  |AAB4B563_ 24472 Hspaladf .. (MM_031971 516506 0.0003 14,9075 0.—
{a} ANDADEDA ¥y AN 0q O he X I Bride} [N ] A i hibd 024074 1S4 FIEN Onnnd A2 D200 n l
4] li [ [*]
123 genes

Significance Filtering

®PValues < [0.05 | |without adjustment v

) Target False Discovery Rate (FDR):

1 Select # genes |by lowest p-values | b d |

Mean Channel Intensities > Bad Flags <= J

Abs Fold Change > 1.5

| Apply Filters || Clear Filters |
| P-Value Plot || Create Sig. Gene List || AR HCA || [z% pca |( K K-Means )

Figure 7-51: access K-Means from T-test result
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EE; Database Contents sl
& AMOMYMOUS B
9 [ Affy_Rat_MASS_only
&= [ Gene Lists
¢ W8 D0_T12_F_a D0_T12_E[Biotin]
¢ B MASE{DO_T12_B_a) D0_T12_E[Biot :
[ MeaniMedian Scaling, ifs=H =11 B View data set(s) as wide spreadsheet - datasets side by side
¢ W8 D0_T12_E_b D0_T12_E[Biotin] Export 4
% B MASE {D0_T12_F_h} D0_T12_E[Biot Conwvert affy cel files to probe sets
E_|| Meanitedian Scaling, ifs=h =10 J‘ Mixed scatterplot

o W8 D0_T12_C_aD0O_T12_C[Biotin] - )
o [ MAS5(DD_T12 C_2)D0_T12_C[Bio D o S e G

[ Meanimedian Scaling, ifs=Nt=10 J Actual array images for data <<Dev. Only>>

o M8 D0_T12_C_h DO_T12_C[Bintin] “w. Rankintensity plats for data
o BB MASE (DO_T12_C_b} DO_T12_C[Bio

[ MearMedian Scaling, ifs=M,t=10 lihl - BarChart
o W8 D0_T12_D_a DO_T12_D[Bintin] Create gene list by data filtering...
¢ B MASE{D0_T12_D_a}DO_T12_D[Bio Analysis ¥ 750 T-TestiaNOVA
E—]| Mean/Median Scaling, ifs=h =10 Quality Control » ' SO
¢ W8 D0_T12_D_b DO_T12_D[Bintin] @ Normalize e
o EB MASE (DO_T12_D_b} DO_T12_D[Bio e G R-interface
[ Meanmedian Scaling, ifa=h =10 Duplicate data sets Correlation Matrix
¢ B8 021128 2 D2 T12_BBiotnl Copy data sets for pasting elsewhere Correlate Study Data vs. Gene Expression Data
9 B MASS{D2 T12 B a}D2_T12 E[Biofi Studies L4 T-Test with custom data options

[0 Meanmedian Scaling, ifs=H,=10
¥ “ D2_T12_B_h D2_T12_BE[Biotin]
¢ FH MAS5{D2 T12_B_h}D2_T12 B[Biotin]
[0 Meanmedian Scaling, ifs=H,t=1000.0 s=Median,s b=
s “ D2_T12_C_a D2_T12_C[Biotin]
¢ EH MAS5{D3_T132_C_a}D2_T12_C[Biotin]
E—]| MeaniMedian Scaling, ifs=M te=1000.0 s=Median, sh=Y
+ W02 T12 ¢ bD2 T2 ClRiotin

Tree options... ANOVA with custom data options
Hierarchical Cluster Analysis
Principal Component Analysis

Support Vector Machine <dev. only=

PR |

Do pairwise t-test combinations <<Dev. Only=>

Figure 7-52: K-means

If users access K-Mean by the above three ways, the following window (Figure 7-53) will
pop-up, giving the options for K-mean with default values. Users can select gene list so only these
genes will be included in K-Means. At the button there are options for dataset naming. Sample
names or dye names can be added to hybridization names.

K-Means Options

Number of clusters: 5
Maximum iterations: a0
Number of random sets: 1

@ HartiganWong ' Lloyd ' Forgy (' MacQueen
Gene List Filtering

Only include genes from gene list:

|<all genes> | - |

Match against the gene list using gene identifier:

SR

Dataset Naming
Hybridization names are always included.
add sample name(s) to hybridization names

Figure 7-53: K-Means options

[] add dye name(s) to hybridization names

Figure 7-54 shows the result of K-mean via T-test window. The left part is the heat map of
K-mean, while the right side is the table listing the result values. At the bottom of the left part,
there are options for displaying 2D PCA view or 3D PCA view. Figure 7-55 shows the 2D PCA
view and 3D PCA view plot of genes by K-mean analysis.
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I e |*| | scores | summary |
5000880060
S e R DO_T12_B..{D0_T12_B.4D0_T12_C.JD0_T12_C.[{DO_T12_D.{D0_T12_D.[{D2_T12_B..{D2_T12_B..kD2_1
EELOEOEROLET x;g:%; [eluster_1] 8012 fEF]] 7413 7576 7.888 TE17 8988 9.002 -
Soad glealalad ol el o cluster_1 807 5.808 .259 264 5524 6.486 6.794 4
aagaggoogeog '¥08332 [cluster_1 7 7.07 779 734 74 7.262 7187 7.351
Fa o me e e E03279 [cluster_1 ] 7.5 441 377 6. 7.817 214 7.935
O O Oy IR & L B AI137856 [cluster 4 832 7 1 7 8.404] 711 8621
EEEEEEEEEEEE J05181 [cluster_1 3 5.6 L 8.858| 3 §.225] |
il e T TR R 55286 [cluster_ 7.0 7 7.43 T 7.918] 4 7579
[5X=) coooooog S 07365 [cluster_2 1172 11811 1167 1 1 1.28] 5 11.047)
8408277 cluster_1 —| | M85534 [cluster 2 10.2 10543 ] 1 014 1 11.26
AAB48268 [cluster 1 J02732 [cluster_7] 6.568] 73 9.1 10,181 10.047, 5 [IE]
09332 [oluster 1] AAB48563 [cluster 3 8313 B2 7.8 989 793 234 1077 1
£03229 [elustar_1] ey ARB18604 [cluster_2] 8104 8.201 7.8 7 5.08 61 078 1056 T
A137856 [cluster 1] _Z75029 [cluster 7] 401 418 7 261 10.459 0.36 10963
105181 [luster_1] " X12367 [cluster_7] 11.554) 11,667, 115 113 1.01 11.257) 11.078
| AR945704 [cluster 3 527 ; X ] 1 10,997, 10533
isiiog L16764 [cluster_2] 10169 1 104 7 1 158 137
ARB59648 [cluster_3 1066 : 811 9 . 408 1 106
W11764 [cluster_3] 11.458, 1 12508, 1274 12 12.377] 282 486
AAB4BS553 [cluster_2 | | |[Ai236601 [custer_2 845 ] 9.507 475 10. 10.428 336 464
#AB18604 [cluster_2) AABOBEE [cluster_2 233 12553 11.958| 11.564] 12.201 12273 202 547
MB3122 [cluster_2] 9.905 10,138 10164, 10.458 10667, 10745 10,142 10,144,
AI176658 [cluster_2 12322 12.71 12027, 11.53 12.001 12162 12.234) 12503 H
44945704 [cluster_2] M26125 [cluster_2] 11593 11607, 12175 12.08 12.205 11.967) 11.734) 11.738
AR944397 [cluster 10.937) .726| 11007, X 0.998 0.984 1 1.07
AAB53643 [cluster_2] U30922 [cluster, 10328 3 557 0593 0.433 7 10377
J02752 [cluster 10.59 7 10.39 1.359 1.259] 1 10443 |
41236601 [cluster_2] M85 369 [cluster 12373 ] 1187 2029 21 T 256
AA998683 [cluster_2] M82855 [cluster, 10417, ] 8.559 0.0 10.075|
UD1 344 [cluster, 6116 2 & 5.854 5.4 4 445
4176658 [cluster 2] E00717 [cluster 7.438 E] 3 7734 71 5 575 |
UB5007 [cluster, 6331 52 5 7 6.7 6.541 7 187
AA944397 [cluster_3 ME6758 [cluster, 6.137 6.182 5,567 5741 5673 5142 6.253 6.273]
AIZ3077 [eluster 6.386 6.966 664 6.369 6.943 693 642 6379 |
%63504 [cluster_3 6.348 6.665 7.1 7.876] 7.604 7.578 6.337 6.541
U94340 [oluster_3] 7.5 7.418 7.08% 7.30 7.6 7.662 7.0 7.257
114782 [cluster_3] 6.4 4.956] 5918 6.05 [ 5814 4.08 987
A1231354 [elister . 7492 7.035 6.86 75 7519 7.05 123
U72350 [cluster T 1 25 T.07 7 6.926 T il
M3Z167 [cluster, . 1 587| . . 7074 1
HTE1E6 [cluster T 6.016 0
L0814 [cluster 602 6.812 4
U161 [cluster 453 791 T 7.207 0
D14014 [cluster, 5 5.336 6.788 6.13 6.285 5579 5,567 a7
63594 [cluster T 7.021 7312 I 7.745 7525 TA5T 67
U17260 [cluster, 6 6.247 6.208 7 6.458 6.207 371 7
AJDD5424 [eluster_3 6 6.1 6.326 6.459 1 754
U4B596 [cluster_3) 7.084 7 7.36 7 6.4 647
AMBI3822 [cluster 5641 5.4 4 5.998 5.86 77 5
AFD84205 [cluster 7109 6.3 7.0 7.300 705 2
11881 ANB43357 [cluster, 6.875 6.9 6.9 0 7 7 a0 28|
014014 [chister_3] | [_A02620 [eluster 6.402 614 6.4 6.3 5 19 04 53
ABOD3400 [cluster_3] TABT 6.857 7 7 47) a7 1 64 [+
® Heatmap () 2D PCAview () 3D PCA view | 7] i M I ol

Figure 7-54: Heatmap of K-means

Scatter Plot

€508

PCZ

96D

Figure 7-55: K-mean 2D and 3D view

AT theright side of Figure 7-54, there are two tabs. Scores and Summary. Clicking Summary tab
will bring out the summary for the K-Means, see Figure 7-56.
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Scores | Summary

Algorithm for K-mMeans:  Hadigan-YWong

Mumber of Clusters: 5
Mumber of maximum iterations: 30
niumber of random sets: 1

The within-cluster surm of sguares for each cluster:

Cluster1: 48913

Cluster 2: 354598
Cluster 3: 358372
Cluster 4:  226.021
Clusters: 244,008

Figure 7-56: summary of K-means
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Chapter 8 Working with Tools: Visualization

8.1 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-Vaue Plot and Cross-Dataset
Gene Bar chart.

Most of these functions can be accessed in three different ways (Figure 8-1): (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 gt 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.

@ Tool 2% ArrayTrack Testing
& Yisualization Tools Database Library | Tool | Export Help

#F Scatterplot 5 @ 2 NewE \ﬂsualizatinns% 8 virtual Array Viewer
2 Mixed Scatterplot = Quality-Control *| ¥ geatter Plot
B s plot A EEJ Database Conte normalization ¥ 14 mixed Scatterplot B
o ANONYMOUS| anawsis Y| B ata prot
m Virtual Array Viewer CAO
EPA Preferences... kq.i Rank Intensity Plot

Y Rank Intensity Plot
il BarChart
@& vennDiagram

FOATRAINING Split File
lilil Cross-Dataset Gene Barchart...
T FEDERICO G0 combine Files

FQIAR . @& VennDiagram
® G AKERMan | GStUnigueld BE

-
-
-
-
-
-

9 F ANORYMOUS
o= [T Affy_Ral_MAS5_only
o= [T Affy_Rat_al_MORM
¢ [J Dema_2channel
o BB Drug1_250_1_50513 50513 | reference
¢ FH raw{Drug1_250_1_50513} : . _
m-| LOWESS, ri=2,5b=Y,d=nul E View data set(s) as wide spreadsheet - datasets side by side
? Drug1_250_2_S0514 50514 | re Export »
¢ BH raw {Drug1_250_2_50514) 50 & Scatter plot for data
- [0 LOWESS, ri=3,8h=Y,d=nul 3 Mixed scatterplot
? Drug1_250_3 50523 304523 | re
o BH raw{Drug1_280_3_S0523)5( . MA plotfor data C
[ LowEss, ri=3,sh=Y,d=null [ Virtual array image for data

o B Drugt_z50_a_S0524 50524 2 ME Actual array image for data <<Dev. Only>>
¢ B raw(Drugl_250_4_S0524}8

B LOWESS, ri=3, 5= denul "~ Rank intensity plot for data

+ B Drug1_260_5 50540 50540 | r=f Wbl BarChart
¢ B raw (Drugl_250_5_S0540) Create gene list by data filtering...
[0 Lowess, ri=3,5h=" d=nul e »

o [ Drug1 500 1 8051550515 re Quality Control 5
¢ B raw{Drug1_500_1_350515} 5 )
[ LowESs, ri=2,3b=Y,t=nul @ Normalize...
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[0 LOWESS, ri=3,sb=¥ d=nul
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¢ BH raw {Drug1_s00_3_80525) 5
[ LOWESS, ri=3,sb=Y,d=nul Tree options...

Copy data set for pasting elsewhere
Studies 3

Figure 8-1: 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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8.2 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 8-2 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 8-2). 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] sub by [v] show flagged | scatterplot - |

“nho spot=

=
T

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

#1

(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 8-2: Scatter Plot showing the fluorescence intensities for the two hybridization channels.

Right-click on the plot area will pop up alist of actions that can be taken on the scatter plot (Figure
8-2). 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 10: 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 spotsin al other viewers of the same array type.
Search for Genesin This Viewer: Allows the user to enter/paste the GenBank accession numbers of
alist of interested genes to find their location in the scatter plot (Figure 8-3A). 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 8-3C); 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 8-3B).

- —
] Gene Search - NCTR_WWG_Mouse 20K 5 o @' [ (5] Gene Search - NCTR_MWG_Mouse 20K 7 ol [l
Enter GENEBANKACC ldentifiers Enter GENEBANKACC Identifiers
J04B33 4] X 104633 B 0=
MM_007528 @ v NM_0D07528 I o
NM_011200  NM_011200 *
NM_010498 /' NM_010498 o
D17571 X o177 2
NM_010324 ' Nw_o10324 g
NM_007822 v MM_007822 2
f}
X0R0BA A X xmenas B a0k
NM_010491 v Nw_010491 T
NM_007812 ¥ NM_D07812 i
NM_007815 /' NM_D07815 &
375014 -] X xra014 -]
[l Retain current selections [v] Retain current selections
[[] Search all open views of same array type [_] Search all open views of same array type | |
0 1 L
Search Search 0 2;D 40
4 4 Cy3: Universal Mouse RMA

Figure 8-3: Locate alist of interested genes (by GenBank accession numbers) on the scatter plot.

Axes Options

1) Setranges... setstherange of theplotin X and Y axis.

2) Reverse axes options exchanges the assignment of the X and Y variables (Figure 8-4).

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 3

search for genes in this view...

axes options F Setranges...
TeVErsSe axes
¥ Force origin {0,0) to he visible
save as image

-

# hase 2
) hase 10
) base @

log base [}

Figure 8-4: Axes Options for scatter plot.

Show L owess curve (MA plot only): The Lowess normalization curve is displayed in yellow (Figure
8-5). For details about Lowess, see Chapter 5 on Normalization Methods.

Adjust L owess parameters (MA plot only): The Lowess Parameters panel (Figure 8-6) 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 al data points) down to 0.01 (1%), the Lowess curve showed more
variation (Figure 8-5B), 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
fileformat is specified by the file name extension of .JPG, .TIF, or .PNG, respectively.
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log{Cya/Cy3)
log{CyalCy3)

. . 3.0 40
logisyr(Cy5aTCy3)) logisgr{Cys*Cy3))

Figure 8-5: Lowess curveisdisplayed 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 8-6: Adjusting L owess parameter settings for the current MA plot.

8.3 MA Plot

MA Plot only applies to two-channel data (Figure 8-7). It is a special form of Scatter Plot in which
the X axisisthe log geometric average (addition) of the intensity values of the two channels and the Y axis
isthe log fold change (minus of log intensities):

X =log,/Cy5* Cy3 = %(IogCy5+ logCy3)

Cy5
Y =log(——) =1ogCy5-logCy3
o Cy3) gCy gCy
The MA Plot is dso called Rl plot, where R refers to log Ratio and | refers to log average | ntensity.
All the functions described in Scatter Plot apply to MA Plot. In fact, Scatter Plot and MA Plot are
interchangeabl e (Figure 8-7) and applicable only to two-channel microarray data.
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#F Scatter Plot for NCTR-Mouse_20k

[_l subbg [_] show ﬂagged" MA plot 'I

élo‘ck'Z-Eol'm-Rnw'\ﬁ - SB442 /26 19y NﬂMn p|m
scatterplot

log{Cy5iCy3)

3.0 4.0
log (sart{Cya*Cy3))
#Cy5 : mean= 1,691 median=482 median sigihg=
537 mean by =90

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

Figure 8-7: MA Plot and Scatter Plot are interchangeable.

8.4 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 8-8). 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 8-8 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 areawill alow access to many functions applicable to the
Mixed Scatter Plot.

Tine T e @
.l“.m .I‘t 2 good top

oa - on | = tm gt
subitract inckgrosd L suibg ¥ show stats paret

vitog ™ X: NCTR-Mousesk-2Z good top

<nn spot>
Cv3 hd

Cy3
Cy3 background
Cy3/Cy5
Cy5
Cy5 background
Cy5/Cy3
sqri{Cy3 * Cy5)

. ¥: NCTR-Mouse5K-2 good bottom
E il | . . Cy3 i
0 &
Cy3

- HC TR Mok 2 goad buttem ek b Cy3 background

wOyd 1 moan= 1043 modian = 437 naedion skgbi = 7.05 s by - 55 ICy3ICyh

i
Ingi0 3 [eampie &

Stats ® Oy C mnan= 1750 median = 151 median sigho « 535 nean b - 66 ICyh
M HETH-Mousesk-2 0ood 8op (CyH background
w3 mean= 2420 median = 501 nedian sigb = 221 mean by - 55 cyﬁm

Sart(Cys * Cys)
Figure 8-8: Mixed Scatter Plot (Left) and options available for plotting (Right).

Oy mean= 2035 median = 420 median sgh = 622 mean by = 68
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8.5 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 al 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 8-9, the X axis represents the intensity sorted rank
(from low to high) and the Y axisis the corresponding 10og10 intensity.

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

7w @ i |
[T ——

(] T LS. ]

s .
e 1 v

o cerRe . 20 w0810 sonma e -
o CrMrbig o B LATAMLEDY ot B BIVLIR oo i - LIV b~ T Py —re P = et ——

Figure 8-9: 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.

8.6 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 8-10). 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 8-10), a local
disk file can be input for plotting (Scatter Plot, Mixed Scatter Plot, MA Plot, and Rank Intensity Plot),
as shown in Figure 8-11. The table columns in the local file can be mapped to the required data fields (e.g.
the X and Y coordinates) for plotting.

‘f:i Choose Data Source @
@ Select data source database
@Chnnse datatype: ® rawdata ) normalized data
@ Select ane or more datasets (rows) below:
Efd & (1) Exp| 4 (2) Hyb name|Description| Label 1 |Sample 1| Label 2 | Sample 2| Raw data id] OWNERID
20 T84 H2 bottom Cy3 K2 contral| Cy5 Universal 1248 JFUSCOE 1=
21 7094 H20 bottam Cy5 K35 treate Cy3 Universal 1245 JFUSCOE
72 094 Hz2o top Cya K35 treate Cy3 Universal 1243 JFUSCOE ]
23 7084 H22 top Cy3 K1 contral| Cy5 Universal 1241 JFUSCOE m
24 7094 H22 hottom Cy3 K1 control Cya Universal 1242 JFUSCOE
25 7094 H23 top Cyh K1 control| Cy3 Univergal 1238 JFUSCOE
26 7094 H23 bottorn Cyh K1 contral Cy3 Universal 1238 JFUSCOE
27 7094 H3 top Cya KZ control| Cy3 Universal 1231 JFUSCOE
78 7084 H3 bottom Cyh K2 contral| Cy3 Universal 1232 JFUSCOE
29 7094 H3 rescan bottorn Cyh H3 rescanCy3 Universal 1287 JFUSCOE
20 7094 H3 rescan top Cya H3 rescar|Cy3 Universal 1288 JFUSCOE
& T84 H4 top Cy3 K16 treate Cy5 Universal 1227 JFUSCOE
=2 7094 H4 bottorm Cy3 K16 treate Cys Universal | 1228 JFUSCOE
2 7094 H5 top Cyh K16 freatel Cy3 Universal 1224 JFUSCOE
34 7084 H5 bottorn Cya K16 treate Cv3 Universal 1226 JFUSCOE
5 7094 HE top Cy3 K3 control| Gy Universal | 1220 JFUSGCOE
26 7094 HE bottom Cy3 K3 control| Cyd Univergal 1222 JFUSCOE
37 7084 H7 top Cyh K3 contral| Cy3 Universal 1217 JFUSCOE
& 7094 H7 hottom Cya K3 control Cy3 Universal 1218 JFUSCOE
29 7084 H8 top Cy3 K17 treate Cys Universal 1213 JFUSCOE
40 7094 H2 bottorn Cy3 K17 treate Cyo Universal 1214 JFUSCOE -
a1 04 g 1 L2 traats I 11200 IE1L 1= =]
4] [*]
@ 0K Cancel [Z] Keep dialog open until canceled

Figure 8-10: List of arraysin MicroarrayDB. Selected arrays will be plotted after click on OK.
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Figure 8-11: Inputting local datafile for plotting.

8.7 Virtual Array Viewer

Overview: The Virtual Array Viewer (Figure 8-12) 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 origina 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 ! = ' |ocated at the top-left of Figure 8-12.

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

AL D E (Figure 8-12).
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Figure 8-12: Virtual Array Viewer showing a pseudo microarray image reconstructed from fluorescence
intensities of atwo-channel array. The location of the current gene (actb) on the microarray dideis shown
on top of thefigure.

Filter Spots. There are two dlider controls for filtering out unwanted spots (Figure 8-13).

Fold Change dlider eliminates spots whose symmetric fold change is less than the chosen number
(the precise value is displayed to the left of the dlider). Here the symmetric fold change means the
maximum of i1/i2 and i2/i1, where i1 and i2 are the intensities for the two channels. For example,
positioning the dlider 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
dider is not adjustable as no ratio datais 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 >= [1.28] ; 15 2 25 3 35 4 4.5 5

either channel - |>= 154.18] ,j:

itz s use RNA(CY3) Heterozygous (+/-{Cy5)
channel 1

channel 2 2

Figure 8-13: Fold Change and Intensity slide controls for filtering out spots for display.
Pull-Down Functions on Spots: There are five pull-down functions under Spots (Figure 8-14):

Mark Remaining Spots marks all spots that passed al filtering criteria and are displayed.
Mark Flagged Spots marks al the spots that are flagged.
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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 8-3 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).

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

Mark Remaining Spots ~ ——. BTEETEE @? — : = =
Mark Flagged Spots lf . !
Clear All Marks J either channel - ‘>=’07
Search for genes... Ik on array type : NCTR_MWG_Mouse 20K Universal Mouse RNA(Cy3) Heterozygo

Marked spots 3 @ Spreadsheet data 1.0R= 132
: ihl BarChart

#F Marked in new scatterplot

&5 Mark in other viewers (of same array type)

~ GENEBANKACC: NM_01

Mark duplicate genes

Libraries b § Gene Library search

% Pattivay Library search
83 Protein Library search
[ Chip Library search

Figure 8-14: Pull-down functions for Spots and Marked Spots.

Pull-down Options. Severa other options including flag and background handling are available
(Figure 8-15A). The color of the virtual array image can also be set in four different ways (Figure 8-15C).
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 aso choose the
style of marking — circle, crosshair or thick circle (Figure 8-15B) and the color of marking.

Virtual Array Image for NCTR-Mouse_20Kk
Virtual Array Image for MCTR-Mouse_20k

Spots  Options |view | D

- - R =/
Spots | Options | view Brightness = Styling for new marks b Set marking color..

righ [ Exclude flagged Spot Coloring ¥ O crosshair

£0

A Specify flags to exclude or mark...
¥ Subtract backgrounds

toggle toolbar/spot-info panel | ® circle
Data set:NCTR-Mouse_20K on array type : NCTR O thick circle

Virtual Array Image for NCTR-Mouse_20K
Spots Options | view |

rightness = Styling for new marks » L Chanmg Se lm
C 7o Spot Coloring }| ® RediGreen, Both Channels [%

toggle toolbarispot-info panel | © Monochrome, Channel 1
Data setNCTR-Mouse_20k on array type : NCTK = Monochrome, Channel 2

Mfr loc: Block:2-Col:1-Row:1 (Abs loc: R 1, C 21) [ swap colors
Figure 8-15: Options allow the setting of spot color by channel intensities.

Select and Deselect Current Spot: Asthe mouse cursor moves over the Virtual Array Viewer, the
current spot is covered with a white, squared box (Figure 8-12) and can be selected/deselected by clicking
onit.

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 oniit.

More usually, the user will mark multiple spots simultaneously by filtering out unwanted spots first
using the dslider controls, and then by either right-clicking on the Virtual Array Viewer or from the pull-
down Spots menu to Mark Remaining Spots (Figure 8-14 and Figure 8-16).
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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 8-3 for selecting a set of genesin
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 8-16) that are the same as those accessible from the Spots pull-down menu (Figure 8-14).

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)
2)
3)
4)
5)

6)

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

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.

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.

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

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

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 } EH Spreadsheet data
il BarChart

& Marked in new scatterplot

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

Save as Image

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

Libraries
i,

Figure 8-16: Right-click functions and those applicable to Marked Spots.

8.8 Actual Array Viewer

Actual Array Viewer (Figure 8-17) 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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Figure 8-17: Actual Array Viewer displays the original microarray image.

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

8.9 Bar Chart

Overview: Bar Chart (Figure 8-18) 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 8-18).

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/t 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 agene 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 Chatrt.

Bar Chart Display: The X axis displays al the arrays within the selected experiment and the Y
axis represents either ratio (for two-color platform) or intensity (for one-channel platform).

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).
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Figure 8-18: Arrangement of Bar Chart panel.

Toolbars: Under the first tab, user can see seven tool buttons (Figure 8-19):

I &% Color/Grouping || ‘ Scatter Plot ‘ | B virtual Array Viewer | ‘ [ chip Library | | [2] Help |
H&. Assigh Group by Color [%
E&. Save Group by Color
11[92T'4 Efif Clear Color & Group

L -
Figure 8-19: 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 8-21) 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
isre-assigned. It isvery 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 infois
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 8-22). Also the records will be marked in the corresponding
colors (see Figure 8-20). The way how the arrays are grouped also applies to al 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 genein red for which the Bar Chart is displayed.

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 2] Heln,
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Figure 8-20: After saving the color group each record is marked in the corresponding color

Figure 8-21: Color Chooser for assigning the chosen color as the current color.

Color Chooser

[
|

Recent;

X/

=]

Preview

n - . Sample Text Sample Text

. . . Sample Text Sample Tesxt -

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. They axisistheintensity. 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 8-22: Standard Deviation chart
The standard deviation is calculated according to the following formula:

1 & -,
_1—\/N—_1;(Xi -X)

1808032

Ratio or Intensity

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 (eg. the
SAMPLE1 column in Figure 8-23 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 8-23, 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,
Cyp2ab, “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.

|

e s | f e | Wi | s e

|||||II]I1-.I|||||II||||||I|I|||||I|I|II

e e

o b

Figure 8-23: 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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8.10 VennDiagram

The Venn diagram is used to display the overlapping part of multiple data set (Cy, C;, Cs...... Cn)
which may have some (but not all) elements in common. ArrayTrack can draw the VennDiagram with
n<=3. There are 4 ways to activate VennDigram: a) select 2 or 3 significant gene lists and right-click,
choose VennDigram then select the method for the mapping, b) from the Tool panel, click VennDigram
icon, c) from the Tool pull-down menu, d) from Chip library, under Comparison tab (see Figure 4-37).

8.10.1 Draw VennDiagram by common ID
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HE 219multiGroupsanoy Delete hixed SEEIﬁEI’plDT
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7 M8 DO_T12_E_b DO_T12_B[Eiotin] By GeneOntology | GeneMame | I SarCha
[ Meanedian Scaling, ifs=N,t=1000.0,s=Madian,sh=Y {D0_T12_E_b} D0_T12_g[§ GeneBankAcc “ | ar a
+ 8 DO_T12_C_aD0_T12_C[Biotin] REFSEQ @ .
¢ B9 11485D0_T12_C_a} DO_T12_ClEioti Spot ID YennDiagra

Tool | Export Help
Visualizations ¥ B virtual Array Viewer
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Normalization ¥ & Mixed Scatterplot C
Analysis ¥ s MA Plot
Preferences... %, Rank Intensity Plot
e lihl Cross-Dataset Gene Barchart...
Spiit File By Columns T
- & VennDiagram [

Figure 8-24: Access VennDiagram function

a) If you activate VennDiagram in the first way you will see the Venn diagram (See Figure 8-25, an
example of the common genes from the 3 gene lists). The blue number represents the number of the unique
IDsin the significant gene lists, and the text above the number in the diagram represents the name of the
gene list. 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 datawill bring up
the datatables for all the colored parts. Selecting ID only will bring up the table of common ID only. See
Figure 8-26.
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Venn Diagram on GEN_ID_MF

Diagram

[ ] consider fold change direction
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123 123

Sawve As Image
Color Chooser
Clear Color
Rename Label
Highlighted Data View ¥ 1D only
Original data

128gene_simpleT F1
128

Figure 8-25: The result of the Venn diagram for the common genes
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Figure 8-26: The original dataview of the common gene list and original datawith ID only

b) If you activate VennDiagram (@ YennDiagram ) 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 8-27. Click “Open File”
button to load the gene lists and select the column of common ID for the three gene lists (Locus ID is
chosen as the common ID), then click “Draw Venn” button. The result of the VennDiagram will be
displayed, see Figure 8-28.

In Figure 8-27, the user can also copy |Ds from other place and paste here by clicking “ Paste ID”
button. Clicking “Clear Input” button at the bottom will clear the current contentsin all the three tables. The
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These options are also available by activating VennDiagram the first way, see Figure 8-24A.
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Figure 8-27: open gene lists from local drive
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Figure 8-28: VennDiagram for three gene lists

In Figure 8-28, right-clicking any highlighted areain the VennDiagram and choosing
HighlightedData View->Original datawill bring up the tables (Figure 8-29) under “Datal nput” tab showing
the three original lists with some highlighted rows corresponding to the highlighted areaiin 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 wantsto clear al the
highlights, s/he can choose “ Clear Selection”.

138



ArrayTrack 3.4 User's Manual Center for ToxicoinformaticNCTR/FDA

Figure 8-29: Original data view with highlighted rows corresponding to the highlighted areain
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Figure 8-30: Activate Venn Diagram from Tool pull-down menu

If user activates VennDiagram from the Tool menu (Figure 8-30), the VennDiagram window will

139



ArrayTrack 3.4 User’s Manual

Center for ToxicoinformaticsNCTR/FDA

In Figure 8-30), the user need to open the gene list or paste ID in by clicking “Open File” button or

“Paste ID” button (Error! Reference source not found.). Thelist can be genelist, protein list or

compound list. For example, in Error! Reference source not found. one gene list with one protein list and
one compound list are put in. The user can select matching by common ID, KEGG pathway, PATHART
pathway or GeneOntology. First choose ID column from each table (dataset A, B, C) for matching, then

click “Draw Venn” button.

n Venn Diagram

o & B4

I Diagram || Datalnput |

Set & | | | Open File | or | Paste ID

Set B: | | Open File | or | Paste ID

SetC: | | | Open File | or | Paste ID
Select column for each table, then | Draw Yenn | | Clear Input |

Figure 8-31: The user needs to input the gene list or paste ID
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Figure 8-32: The input list can be gene list, protein list or compound list
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Figure 8-33: Draw VennDiagram using different list and display the highlighted datain KEGG table

In Figure 8-33, the highlighted datain VennDiagram is displayed in the table at right side. The user

can highlight any record in KEGG table.

| 51 sysToxTable By KEGG o A
Title 123ngeneMAS . mi/ni 123gene. |13580ene_Per . [mini 135gene..| 25geneMAS_ | mifni 250ene. .

Sulfur metah... 0.136[1/25 0147|1125 1(0i25 -
Taurine and h... 0.121(1122 0.131)1122 1022
Calcium sign... 0.637|3/554 0.691|3/554 0.503]1/554
Tight junction... 087217343 089217343 1]07343
Inositol phos... 0631168 06611168 1|0i168 =
Huntington's .. 0073|276 0.083|276 1|76
Pyrimidine m... 06521178 06811178 10178
Toll-like rece... 0.065| 4261 0.082|4/261 0276|1261
Arginine and . 0.4931/115 0452101/115 10115 —
Apaptosis(KE.. 0004|6264 0006|6264 0.2791/264
Tryptophan m... 032927201 0.038|4/201 0.024|27201
Yaline, leucin... 0.439|1/98 0127|2798 0.113|1/98
Adherens jun... 035727214 039427214 1(0214
Glutarmate m... 0.314|1/64 0.335|1/64 0.0745|1/64
Jak-STAT =ig... 0.44|3r415 049337415 0.405(1/415
Lysine degra... 0.487(1/113 0.514(1/113 0.129(1/113
ECM-receptor... 0.759(1/234 0.786(1/234 1(0i239
Circadian rhwt.. 0.181]1/34 0195|1134 1(0734
Regulation of ... 0.9731/595 0.98/1/595 0.529|1/595
Phaosphaticyli. . 076417243 [~ 0791017243 1(0i243 —
Cwetaing mat nieRi2s " n7liras 1lnias b

Summarize

Figure 8-34: Theresult
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d) Activate VennDiagram from Chip Library. Thisis very useful for comparing two array types and finding

common genes between the two array types. See detail in 4.9 Chip Library (Figure 4-37).
I Chip Library

Comparison | Summary

@ Specify Array Type:

CIA-AGIL-2

A-MEXP-72

A-MEXP-73

Il ] |
@ Query Option:

@ AND ) OR

@ [] within result
- VennDiagram k

Figure 8-35: Activate VennDiagram from Chip Library comparing 2 or 3 array types

8.10.2 Draw VennDiagram by KEGG/PATHART pathway

9 [ Significant Gene Lists
o] TEST
bz 123geneMASS Foldl 5 PO.0OS

Mz 125 = S 111 0] [+ T
M: 250 Open
MZ test UL
o- | po_t1; Rename nl
o | po_T17 Delete fl
o= H D0_T13 Move To Folder ]
o | oo_T1] Move Out Folder ;)
o= H DO_T121 VennDiagram ¥ By ComimonlD ] |
o u DO_T12_D_h DO_T12_D[Biy By Pathway k| By KEGG
o= H D2 T2_B_aD2_T12_B[Bio] By GeneOntology By PATHAR

Figure 8-36: Draw VennDiagram matching by Pathway (KEGG)

If the user chooses drawing VennDiagram matching by Pathway, from the result of VennDiagram
he can let the highlighted data displaying in KEGG table (see Figure 8-37).
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Venn Diagram
f Diagram r Datalnput

132geneNorm_Fold1.5P0.05
52

49geneNorm_Fold2_P0.05
31

Save As Image

Color Chooser

Clear Color

Highlighted Data View »

Pathway title onhy
KEGG Table [

123geneMAS5_Fold1.5_P0.05
53

Figure 8-37: the highlighted data can be displayed in KEGG table

I SysToxTable By KEGG

Display gene name [[_| Display p value with bar chart |

Title 49geneMorm_Fold2_FP0.05 132geneMorm_Fold1.5P0.05 | 123geneMASs _Fold1.6_FP0O.05
aurine and hypotaurine met... - 81718(Cdo1) 4 81718{Cdo1) 4 81718{Cdo1) -
orphyrin and chlorophsdl me... - 24451(Hmox1) 4 24451{Hmox 1) 4 24451{Hmox 1) i

M- 24862(Ugt2by M- 24862(Ugt2h) M+ 24862(Uat2h) I
ocal adhesion{KEGG) 4 24553 (Met) 4 24553 (Met) 4 24553 (Met)
4 24605(Hras) 4 24605(Nras)
K save pko) 4 50658(Mapk9)
y d1) 4 58919(Ccnd1)
= Find (on This Table)  yfa) 4 83785(Veqfa)

alcium signaling pathwawK... [+ 815150y} | Show Pathway Map » For All Columns
T 81736(NTkh ,; ;;;;;;;‘ For 49geneNurm_Fu:I§_Pl].l]5
ndrogen and estrogen meta... 4 24862(Ugt2h) 4 24862(04  For 132geneNorm_Fofd1.5P0.05
4 25355(S1 | For 123geneMASS Fold1.5_P0.05 |
M 79244{(HSarroay T IS T ) -

Data

Figure 8-38: the highlighted data displaying in KEGG tables

Figure 8-38 lists the common genes from the three gene lists marked in different colors. The green
arrow represents down regulated and red arrow represents up regulated. The user can highlight any record,
then right-click -> choose “ Show Pathway Map”for any one gene of the gene list. The color block before
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the gene list represents that in KEGG any genes from the list that involved in the pathway will be marked in
this color. The user can check the box labeled “Display p value with bar chart”, and a bar chart for all the
common genes will show, see Figure 8-39.

- v

SysToxTable By KEGG

=S

FY

.
C-Y

-log{Significance)
M
=T

EPqE2 :|:
r—lg :D o B R ] |7._I:—| ’—[|] E |: W, = |_|_c;l;| ’_:EI] =
g5 25 Ef E2Y % 33F g 3T &F fE 33§
53 2§ &% 32z &2 Ees §F B2 85 32 B S
sl 32 8 g3 88 32§ ~§ 28 §E® 2§ = 2 |
EEE] 25 3z 5@ S £8  z@2 “E % i
4] Il | | ¥
e T T T T T T T T
Display gene name Display p value with bar chart
Title 49geneMorm_F._ [P 49geneMorm_. [132geneMorm_. [P 132geneMorm.. [ 1230eneMASs P 1230eneMASa .
hosphatidyino... + 81747 (Pikdch) 0.1278 4 81747(Pikdch) 0.2762 4 81747(Pikdch) 0.2663 o
GF-bheta signali... + 25717(Tgfh3) 0.2399 A 25164{Cdkn2...0.02196 4 257 17({Tgfb3) 0.1193
- 26717 (Tyf3) 4 81810(Tgfbr2)
1 81810(Tgfbr2)
eine metab... [+ 81718{Cdo1) 0.03821 4 81718{Cdo1) 0.08801 4 81718(Cdo1) 0.08449 =
rostaglandin a... 4 20527(Ptgs2) 0.1776 4 20527(Ptys2) 0.3702 A4 20527(Ptgs2) 0.3579
ell cycle(KEGG) 4 25717(Tgf3) 0.3382 M- 24842(Tp53)  1.975E-4 4 24842(Tp53) 0.001461
4+ 25164 Cdkn2... 4 25717 (Tgfh3) |

| Data LSummarize |

Figure 8-39: Display p value with bar chart for the common genesin Venn Diagram

In Figure 8-39, clicking “ Summarize” tab at the bottom will bring the following summarize table:

Title A9geneMorm_FoldZ PO miini 49geneMorm_Fold2 . |132geneMNo..| mifni 132gen.. [123geneh. | mifni 123,
Taurine and hyp... 0.038/1/2 0.088/1:2 0.084/1/2 -
Forphyrin and c... 0.005| 216 0027|206 0.024|2/6
Focal adhesiont.. 0436|1729 0.008|5/29 0.007|5/29 =
Calciurm signali... 0.012)219 0.006/3/9 0.005[3/9
Androgen and e 0111|116 0.002|3/6 0.001|3/6
Inositol phosph... 0.093/1/5 0.206/1/5 0198175
||Huntingtnn's dis... 0.093/1/5 0.018/25 0017|275
||Pvrimidine meta... 0.093/115 0.206/1/48 0.198[1/5
||TDII-Iike recepto... 0.032)215 0.003/4M15 0.003/4/15
|Neurodegenera... 0.161/1/9 0.058/2/9 0.328[1/9 =
[ Data l Summarize |

Figure 8-40: summarize table for the common genes

In Figure 8-40, mi means the number of genes found for pathway i in the input list. And ni means
the number of genes found for pathway i in the associated array type. If no array type is specified for input
gene list, then ni means number of genes found for pathway i in the whole gene database table.
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8.10.3 Draw VennDiagram by GeneOnthology

The user can also choose drawing VennDiagram matching by GeneOntology, same as matching by
Pathway .

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 8-41 is a screenshot of
ArrayTrack in which many connected plots and tables are displayed.
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Figure 8-41: A screenshot showing multiple visualization functionalities within Array Track.
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Chapter 9 Working with other Tools

From Tool pull-down menu the user can access some other tools. These miscellaneous tools can not
be accessed from tool panel.

9.1 Join table (file)

Thisfunction isfor combining two separate files into one file. Also the file hasto be ,txt format.
Choosing “File-Manipulation” ->Join Table (File) from Tools pull-down menu, the following window pops

up
Database Library Tunl| Export Help

@ %{%New E \Visualizations  »

Quality-Control »
=1 Database Contd Normalization

* 'ﬂ' ’;EE_FJ;MOUB Analysis b

o=

& % OO File-Manipulation | Join Table (File)

o= 'u‘ CORHTRAIMI Get Unigue ID Split Table (File)

o= g CHUNYU_LILL preferences... Flag Converter for Agilent
i s DA ADD N

Figure 9-1: File manipulation tool

Merge Tables : i e |

) Side By Side (match by row number)
i® Match Table By Selected Column
[ i found multiple matched items in Merged Table, repeat Main Table records

Match case

Main Table : | |

Merge Table : | Open File

Select column for each table, then | Merge Tables ‘ | Clear Input ‘

Figure 9-2: Combinesfiles

In Figure 9-2, the user needs to open the two files to be combined and then specify the common ID
for joining the two tables. The first tableis“Main Table” and second oneis “Merged Table”. The result of
the combined file is dependent on the record of the main table. For example, if the main table has 100
records and the second table has 200 records with 20 records matching the first table. Then the result of the
combined table will have 100 records. So the final results will not be more or less than 100 which isthe
number of the first table.
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9.2 Split table (files)

When the user needs to do the batch import but has one file that includes the data of all the

hybridizations, she needs to split the file into separate data file with only one hybridization in each single

file. Thisfunction is for this purpose.

In Figure 9-1, select “ Split File”. The following window will pop up. The user can choose split “By

Columns” or “By Rows’.

Split Fil

0w [

i® By Columns  _ By

Rows

@ Step1: Load Input File:

| Open Input File hl |

Manualhy select first data row...

@ Step2: Assign first

column for the first two dataset:

| First Column for DataSet 1: | (%]

| First Column for DataSet 2: |

@ Stepd: Start saving

DataFiles Root Directory |

@ Step3: Save to folder :

==

Figure 9-3: Split file

Step 1: Load the file that needs to be split by clicking the button “Open Input File’. The file has to be .txt

format. If the user has .csv or .xIsfile, he needs to save as .txt file first before splitting.

Step 2: Assign first column for the first two dataset, see Figure 9-4. The assigned columns will be marked
in yellow color. The user only needs to define the first columns for the first two dataset. Be aware that the
name of the first columns for each data set will be the name of the split file, for example in Figure 9-4 the

split file name will be Al.txt, B1.txt, ... etc.

Step 3: Specify the location for storing the split files by clicking “Browse” button.

Step 4: Click “Split File” button.
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Split File

@ By Columns ' By Rows

@ Step1: Load Input File:

| Open Input File || Manually select first data row...

TargetlD A1 BEAD_..|Avg_M...| Detection-A1 E1 |BEAD_.. Avg_N.. Detection-B1 3] BEAD_S
GI_10047103-5 1866.5  |49.4 47 1 1622..44.5 44 1 1754..[35.5 -
GI_10047105-5 2353 10.9 34 1 559 |44 34 0.80949242 2082 |A.3 =
GI_10047121-5 [46.8 a7 41 0.12920237 454 2.4 a0 016216216 511 |35
GI_10047123-5 (4725 13.3 54 1 972 406 41 0.9993408 4175 [11.8
GlI_10047133-A 527 34 40 050823955 2566 124 29 1 913 |46 =

I ]

| »

(2) stenz: Assign first column for the first two dataset:

| First Column for DataSet 1: | Al

| First Column for DataSet 2: | B1

@ Step3: Save to folder :

DataFiles Root Directory |S1EKEBWrayTrack Manual

[

(@) steps: start saving :

Figure 9-4: Assign columns for the datasets to be split

9.3 Get Unique ID

Thisfunction isfor filtering out the unique 1Ds from afile that might contain duplicate IDs.
Clicking “Get Unigue ID” from the Tool pull-down menu awindow will pop up (see Figure 9-5A). The

user needsto copy the IDs to the empty text box, then click “OK” button. And the result will be displayed
(see Figure 9-5B). The column “N" displays the number of times for each ID showing in the original table.
Number “1" means that this ID is unique, while “2" means that this ID appears 2 times.

UniguelD : o o [ UniguelD |
Post IDs | PostIDs | IDtable |
_43_P20320 - s} B
44 _PEITET3 10 Hi 44 P2EEZ2E 2 -
_44_P1057803 z £_44_PA97662 z
_d4_P4H366S el B A_44_P541183 1
(+IPro2aG-02 4 A_44_P44T06E 1
_ 44 PTE5ITT 5 444 P105TA03 1
. 43_P160SZ f 444 PA52160 1 =
_ A4 _PE22113 7 & 44 _PE22113 1
(+)ETA_rB0_a20 g £ 44 _PES1613 1
— - - ] 544 _P548126 1
Delimiters Option {check all applied) 10 & 43 P1GDSZ 1 | |
¥l v Space ]t v 11 4 _42_P547027 1
12 A 47 PAEEY30 1
Y . ] s 13 4_43_F20370 1
14 A 44 P226029 1
[ others 15 (1E1A_rB0_aZl 1 =
g . L
Input Humber:28; Returned Unigue Humber=23

Figure 9-5: Get Unique ID
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9.4 Convert CEL file to probe set files

The cel filesin ArrayTrack database can be converted to probe set files easily by right-
clicking the dataset, then choosing “ Convert affy cel files to probe sets’ See Figure 9-6.

Ej Datahase Contents
¢ 'H" AMOMYMOLIS
o [C1 Affy_Rat_MASS_only
o [ Gene Lists

+ W™ D0_T12_E_a DO_T12_B[Biotin]

¢ BB MASS{DO0_T12_B_
E—]| Meantedian 5

o P D0 _T12_E_bDO T2
¢ BB MASS{D0_T12_B_
[:_]| Meanimedian 5

+ P oo_Tiz_c_apo_miz

¢ ER MASS{D0_T1Z_C_|

[:_]l MeaniMedian S
+ W oo_Tiz_c_boo Tz

¢ BE MASS{D0_T12_C_|

E—]| Meantedian 5
o+ P D0_T12_D_aDo_Tiz

¢ BE mASs{D0_T12_D_|

[:_]| Meanimedian 5
+ P oo_Tiz_o_boo_Tiz

¢ BB MAS5{D0_T1Z2_D_

B view data set(s) as wide spreadsheet -

datasets side by side
Export ]
Convert affy cel files to probe sets [}S
#¥ Mixed scatterplot

' Wirtual array images for data

' Actual array images for data <<Dev. Onhs==>
%, Rank intensity plots for data

Il BarChart

Create gene list by data fittering...

Analysis 4
Quality Control ]

E_]l Normalize...

Figure 9-6: convert cel fileto probe set files

ArrayTrack provides options of converting to RMA, DChip, Plier and gPlierl6. See Figure 9-7.

Click OK button, then you will be able to see the converted probe set data in database panel.

Selection of methods
Select methods:

[ IMASs RMA DChip Plier

Quantile normalization for Plier

Cancel

|0|{w
L

7 ® MAQC_WAIN
o [T ABI_1
o 3 2BI_2
o I B3
o[O3 AFR_1
o [] Gene Lists
¢ W8 ~F_1_A1 ABiotin]
BH MASS_ScaleS00 {aFH_1_AT}
BR RbA AR _1_A1)
BH Dohip {aF_1_ Al
B MASE_MoneScale (AFH_1_A11
BB qPlieri 6 {aF%_1_Al}

gPlier16

Figure 9-7: options for converting to various probe set files
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Chapter 10 Data Export

10.1 How to Access Data Export Functions

Experimental data stored in MicroarrayDB can be conveniently exported to locally-stored data files
or ArrayTrack spreadsheets for further analysis purposes. Data export can be accessed from the Export
pull-down menu (Figure 10-1), or from right-clicking on selected arrays of the same arrays type (Figure
10-2), where data export options are shown on the top of the list of functions applicable to the selected

B Preview selected datasets as spreadsheet

arrays.
Database Library Tool E:q:lnrt| Help
S8l ] 1
|§ ‘%{%Hew Exp | St B Export selected datasets as spreadsheet _

553 'Datahase Contents Export original files for selected datasets *| Export original data file(s)
: % EEE_FJ;MOUE B Export data in narrow format Export CEL file

o ,!., S0 Export image file(s)

o "!" CORHTRAIMIMNG Export settings file(s)

Figure 10-1: Accessing Data Export function from pull-down menu.

o ANONYMOUS
o [T Afly_Rat_MASS_anly
o= [ Gene Lists

¢ B8 D0_T12_E_a DO_T12_E[Biotin]

¢ BB MASS{DO_T12_B_atD0_T*
ﬁ' MeanMedian Scaling, H
e ! DO_T12_E_h DO_T12_B[Eioti
¢ B MASS{D0_T12_E_hiD0_1
E—]| Meanitedian Scaling,
¢ B8 D0_T12_c_aD0_T12_c[Biot

View data set(s) as wide spreadsheet - datasets side by side
Export ]
Convert affy cel files to probe sets

# Mixed scatterplot

EH Export single-platform data as spreadsheet
Ef Export gene-matched data as spreadsheet (multi_platform OK)
Export original data files or Affy probe-set files

¢ BB MAS5{D0_T12_C_alD0_] ' \irtual array images for data Export Affy CEL files
[0l meaniecian Scaling, | Gl Actual array images for data <<Dev. Only>> B I
¢ M8 DO_TI2_C_bDO_T12_ClBiot Rank intensity plots for data Export settings files

¢ BH MASS{DO_T12_C_h}D0_]

Export data in narrow format - datasets one after another

T MeaniMedian Scaling, | Wl BarChart -
+ 8 Dor_% 3_D_aDO_T1 z_D[a?ét Create gene list hy data filtering... Export to JMP.fGem?mms
o FH MASS{D0_T12_D_a}D0_| Analysis R Efpon to DrugMatrix
[ MeanMedian Scaling, Quality Control . -
¢ ¥ Do_T12_D_b DO_T12_D(Biot @ Normaize..

o EH MAS5{D0_T12_D_k)D0_T
ﬁ' MeanMedian Scaling,

¢ W8 D2_T1z_E_aD2_T12_B[Bint
¢ B MASS{D2_T12_BE_ajD2_1
[ MeaniMedian Scaling,

Duplicate data sets

Copy data sets for pasting elsewhere
Studies

Tree options...

-

o WM D2_T12_B_h D2_T12_B[Biotin

Figure 10-2: Accessing Data Export from right-clicking on selected arrays.

10.2 Options for Data Export

If user select the first export option(single-platform data as spreadsheet), the user will see the pop-
up Export Options dialog box (Figure 10-3A) which allows the user to define exactly what data items and
formats to be exported from avariety of combinations by checking appropriate boxes.

These options are grouped into five categories: Intensity Data Fields, Dataset Filtering, Gene
Filtering, Spot Fields (i.e. annotation information about spots that is to be exported along with intensity
data columns) and Dataset Naming. Dataset Filtering and Gene Filtering options allow the user to filter
out unwanted data before export. All the other 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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[[linclude raw dataset description

[ ] include normalization description

include calculation descriptions in ratio and intensity column names
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[ Intensity Data Fields | Dataset Filtering | Gene Filtering | Spot Fields || Dataset Naming ||
e

Figure 10-3: Setting Export Options before Data Export. A: Intensity Data Fields options; B: Dataset
Naming options; C: Gene Filtering option; D: Spot Fields; E: Dataset Naming

10.3 Export selected datasets as spreadsheet

Data for selected arrays can be saved as alocal text file in which each row represents a spot (gene)
and each column is a particular data from an array. If multiple arrays are selected, additional columns are
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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 10-4).

Choose Data Sets

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

Figure 10-4: One or more arrays need to be selected before Export selected datasets as spreadsheet.

10.4 Export original data files or Affy probe-set files

This export option allows the user to export original datafiles or Affymetrix probe-set files. Right-
clicking the selected data, see Figure 10-5, then choosing “ Export” ->" Export original datafiles or Affy
probe-set files” will bring out the window that asks users to choose the location for exported files (Figure
10-6).

EE; Database Contents |~ :
¢ B ANONYMOUS
o [ Affy_Rat_MASS_only
o [T Affy_Rat_sll_NORM
o= 9 zene Lists
¢ ™ Do_T12_E_a DO_T12_B[Biatin]
o B Mas5 {D0_T12_E_a} D0_T12_E[Biotin]
B DChip{DO_T12_E_a} D0_T12_E[Biatin] —
B Flier{D0_T12_E_a} DO_T12_E[Biatin]
B Flier! 6 {D0_T12_E_a} DO_T12_E[Biotin]
B RMA{DO_T12 |
¢+ B8 Do_T12_E_h Do

B View data set(s) as wide spreadsheet - datasets side by side

o BB Wass (D0_T12 Export » B8 Export single-platform data as spreadsheet
B DChip{D0_T1 Convert affy cel files to probe sets Ef Export gene-matched data as spreadsheet (multi-platform OK)
5 Pligr {00 T12| 16 Mixed scatterplot Export original data files or Affy probe set files
% gﬂf;g%ﬁfi ' Virtual array images for data Export Affy CEL files
¢ B8 D0T12_c_aD0) B Actualarray images for data <<Dev. Only>> Export image files

- Mas§ {D0_T12 .. Rank intensity plots for data Export settings files
% DChip {DO_T1 il Barchart EH Export data in narrow format - datasets one after another
Plier{po_T12_ I )
B aPlier1 6 {D0_T Create gene list by data filtering... Export to JMP/Genomics
BH RMA{DO_T12| Analysis » Export to DrugMatrix

Figure 10-5: export original datafiles or Affymetrix probe-set files

In Figure 10-6, there are some options for the output file naming: 1) include original file names, 2)
include hybridization names, 3) include internal dataset identifiers, 4) include file role (for CelData
Setting...). Users can choose these options for their export preference.
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£% Choose Di rectory for Exports

Save In: |22 Local Disk (C:) |V| E

] 4207 c4T76ee5T3T5102a79 ] temp Output File Naming

] CodeSite ] WINDOWS Include original file names

[ Documents and Settings (3 Working_Folder [ Include hybridization names

] EPSONREG : . .

9 FaxP ; [_] Include internal dataset identifiers
anPress.sp

3 IBMTOOLS [] Include file role {CelData/Settings...)

3 Program Files

Chosen Directory |C:ﬂ |

|ll|| Files | - |

| Save || Cancel |

Figure 10-6: choose directory for exports

10.5 Export Affy CEL files

To export Affymetrix original CEL file, users can select the MASS data imported into ArrayTrack,

right-click the select data, then choose “Export”

EE; Database Contents el
- ANONYMOUS
o 3 Affy_Rat_MAS5_only
o= Zene Lists
o M8 D0_T12_E_a D0_T12_B[Rintin]
¢ BH MASS{DO_T12_FE_a}DO_T12_B[F - = =
E—]| MeanMedian Scaling, ifs=M,
('S - DO_T12_E_h DO_T12_B[Biotin]
¢ BH MASS {DO_T12_E_b}DO_T12_E[E Convert affy cel files to probe sets
E—]| MeanMedian Scaling, ifs=M b }.‘ Mixed scatterplot
¢ . DO0_T12_C_aD0_T12_C[Biotin]
¢ B MASS{DO_T12_C_a}DO_T12_Cf
E—]| MeanMedian Scaling, ifs=M he . Actual array images for data <<Dev. Only>>

->"Export Affy CEL files’.

EE Export single-platform data as spreadsheet

EH Export gene-matched data as spreadsheet (multi-platform OK)
Export original data files or Affy probe-set files

M virtual array images for data

Export image files

o B8 DO0_T12_C_hDO_T12_C[Bintin] . Rank intensity plots for data Export settings files
¢ EH MASSID0_TM2_C_b)D0_T12_Cf il BarChart EH Export data in narrow format - datasets one after another
[ Meanedian Sealing, if=h s I Export to JMP/Genomics
+ I DO_T12_0_a DO_T12_D[Biatin] Create gene list by data filtering... Export to DruaMatri
¢ [ mMASS{D0_T12_D_a}DO_T12_D Analysis N xport to DrugMatrix

Figure 10-7: export Affymetrix CEL file

10.6 Export cross-platform data

ArrayTrack alows users to export datasets with multiple array types, for example Affymetrix data
and Agilent data. To do this usersfirst select multiple datasets (hold down Ctrl key), right-click then choose

“Export” -> “Export gene-matched data se spreadsheet (multiple-platform OK)”.

I

§H View data set(s) as wide spreadsheet - datasets side by side

o W8 D2_T12_B_b D2_T12_E[Riatin]
o ¥ D2_T12_C_a D2_T12_C[Biatin]
o W8 D2_T12_C_h D2_T12_C[Riotin]
¢ B MASA{DZ_T12_C_h
E—]| Meaniiedian Sca

o W D2_T12 D aD2_Ti2.0
¢ B MASS{D2_T12_D_a
@ Meanmedian Sca

#F Mixed scatterplot Export original data files or Affy probe-set files

° - D2 T12 0 BD3 T2 . Virtual array images for data Export Affy CEL files
o 88 MASA (D2 T12.D_hj M Actual arrayimages for data <<Dev. Oniy>> Export image files
[ Meaniiedian Sc4 . Rank intensity plots for data TR
o= [ Affy_Rat_all_MORMW il Barchart EH Export data in narrow format - datasets one after another
¢ [ Demo_zchannel Export to JMP/Genomics

o B Drug1_250_1_s0513 5 Create gene list by data filtering...

o B raw{Drugl_250 1 8 Analysis
o B Drugl_350_2_s0514 5 Quality Control
o B raw{Drugl_250_2_2 [l Normalize...

Export to DrugMatrix

Figure 10-8: export data file with multiple platforms
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O save X
save i | S Local Disk (C) BN
[ 4207c476ee513T5102a79 Match spots by: M: s ETeHSNE
[ CodeSite
[ Documents and Settings [[] Exclude spots flagged as bad
] EPSONREG
[ FaxPress.spl Only include genes from gene list:

3 IBMTOOLS |<a|| genes> | | |
3 Program Files
I temp [] Include within-dataset duplicate counts
] WINDOWS

Combine duplicates within dataset: ]
[ Working_Folder o
D SMax.log.bak ® Mean

) Median

Apply log to expression values:

Subtract backgrounds if available

[_] Include individual channel values for 2-channel data
File Name: | |
Files of Type: |AllFiles v

Figure 10-9: options for saving exported data

10.7 Export image files and settings files
Users need to select raw datafirst, then right-click and choose “ Export” -> “Export image

files’ or “Export settings files’. See Figure 10-10.

=] patavase Contents

7 ANONYMOUS

o [ Affy_Rat_MASS_anly
o= [ Affy_Ral_all_NORM
¢ 3 Dermo_Zchannel

¢ M orug1_250_1_50513 80513 | reference

-

¢ BB rawiDrugl_250_1_%081
O LOWESS, ti=3,5b=", 0=

View data set(s) as wide spreadsheet - datasets side by side

o M orug1_250_2_80514 50514
o EE raw{Drugl_250_2_50514
O LOWESS, =3, 5b=",t=

o JB orugt 250 3 50523 50523

¢ EE raw{Drugl_250_3_50523

[ LOWESS, ri=3,5b=", =

o JB orugt 250 4 S0524 50524
¢ BE raw{Drugl_250_4_50524
[ LOWESS, ri=3,sb="0=

o JB orug1_250_5_80850 50550

@ BB rawiDrunl 250 5 5055

]
Export } B Export single-platform data as spreadsheet
f Scatter plots for data Ef Export gene-matched data as spreadsheet {multi-platform OK)
f Mixed scatterplot Export original data files or Affy probe-set files
i3 MA plots for data Export Affy CEL files
B8 virtual array images for data Export image files
Export settings files

B8 Aactual array images for data <<Dev. Only>>
-, Rank intensity plots for data

Figure 10-10: export image files or settings files

BarChart
Creata oene list by data filterina...

10.8 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. |f multiple arrays are selected, additional rows are added in the spreadsheet. This
narrow format has been designed for statisticians using SAS.
10.9 Export to IMP/Genomics

In Figure 10-2, the user can export the data in JM P/Genomics format and save it to the local drive.
The exported file can be directly opened in IMP.

EH Export data in narrow format - datasets one after another
Export to JMP/Genomics
Export to DrugMatrix
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Export Files

x]

? Mame for Exp Design Table: |TESTF'. |

Name for Data Table: |Test-'%—data |

Save to Folder: |D:1temp Browse

OK [\i Cancel

Figure 10-11: Export file compatible with IMP

10.10 Export to DrugMatrix

Right now this function is only available for data with array type Affy_RAE230A, Affy RG230 2
and GEHC RAT_WHOLEGENOME300031. Other datasets with different array types can not be exported
to DrugMatrix. If user selects datasets with other array types, he will get the following message:

Unsatisfied Array Type

@ Only AFFY_RAEZ230A, AFFY_RG230_2 and GEHC_RAT_WHOLEGENOME300031 array can have this function now .

Figure 10-12: export to DrugMatrix is only available for datasets with limited array types

If user select datasets with one of the three array types mentioned above, the following window will

pop up and allow user to export the datasets to DrugMatrix.

Save In: ‘@ Local Disk (C:) |v| B

7 4207c476ee53f5f02a79 ] SNPTrack Output File Naming

] CodeSite [ temp Include original file names

[C] Documents and Settings (] WINDOWS [] include hybridization names

g E::i:?:.ipl (3 Working_Folder [ ] Include internal dataset identifiers
9 IBMTOOLS [ | nclude file role {CelData/Settings...)

3 Program Files

Chosen Directory |C:1 |

(Al Fles v |

| Save H Cancel |

Figure 10-13: export datasets to DrugMatrix

155



ArrayTrack 3.4 User's Manual Center for ToxicoinformaticNCTR/FDA

Appendix 1 Center for Toxicoinformatics of NCTR/FDA

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.

Appendix 2 Toxicoinformatics Integrated System TIS

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. Error! Reference source
not found. 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 levd 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 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 datain 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
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profiling may become an important component for diagnostics in medicine and TIS could be a significant
benefit to aid FDA regulatorsin evaluating new diagnostic tools that are based on “omics’ technologies.

DB- In-Hnuse Data Archive

-
GEIIDIHHS PMM«HI& Metabonomics

-— i LIB - Libraries from Public
Experiment and -
notatiol
" ’ Genelib \.

H ;qub H pmm..u.,‘

G tati
TOOL - Analysis Functions 1 Fotein function

Protein function n
Metabolic pathway
Toxicant profiles

EDKBLib

| |

il

PathwayLib

J

L, ToxicantLib | ChipLib

' O o

Figure 10-14: An over all 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 dataarchive for in-
house data storage and management; (2) The TOOL provides data visualization and analysis functions; and
(3) The LIB aset 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.

System Requirements: ArrayTrack is a client-server system. To date, the client has been tested on the
Windows operating systems (98/NT/2000/XP), Linux/Unix, and Mac OS X. If you have a praoblem
running ArrayTrack on your system, please contact NCTRBioinformaticsSupport@fda.hhs.gov. The
application screens are best viewed at 1024x768 (or higher) resolution.

Server Requirements:

1. Oracle Database Standard or Enterprise Edition, Version 9i or above.

2. Database storage of 40GB of disk space for a basic installation. (The storage requirements will
increase significantly if users wish to use ArrayTack as the repository for their microarray data.)

3. 2GB or more of memory for the Oracle instance. Refer to Oracle documentation for further
information.

4. Oracleimport utility (imp) version 10g or higher isrequired in order to import data into your
database. (Windows batch scripts and UNIX shell scripts are included.)
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5.

6.

A web server (optional). A web server is required when you run ArrayTrack client in prompted
mode. It is used to host ajavaweb start (jnlp) file. A web server is not required if run ArrayTack in
unprompted mode. (See “How To Install” section of the ArrayTrack client setup)

To have optimal performance, we suggest that you install the ArrayTrack database on a dedicated
machine with optimized 1/0. Consult with a Database Administrator for details.

Client Workstation Reguirement:

1.
2.

ArrayTrack client needs to be running in Java Runtime Environment (JRE) 5 or above.
The database can be installed on the client machine for signal user use.

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 5.0, if it is not
aready installed on your machine, by using the provided link to the Sun Microsystems web site in
step one (The program will automatically detect whether Java 5.0 has already been installed on
your machine. If so, you can skip this step). (2) Install and run Array Track.

For Mac OS X Users: If you have kept up to date with your updates from Apple, then
you should already have Java 5.0 (+) 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
jnip 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/getjaval, then execute the javaws command which should be contained within
the Javainstallation 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/jnlp/arraytrack/arraytrack_internal.jnlp # (for users
within FDA).
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