
•For animal toxicology and toxicogenomics study, integrate microarray data with toxicological data. 
•Data are searchable for toxicological information and microarray information. 
•Batch import SimpleTox data including toxicological endpoints and microarray data. 
•Contains required/optional and customized fields, not limited to non-clinical study.

13. SimpleTox Format

Provide SAM analysis tool for identifying statistical significant genes in a set of microarray experiments12. Using SAM through ArrayTrack

Query data from the database tree (How to use *) e.g., *EST, EST*, *EST*=EST
Query data in tables e.g., contain, like (%) and inlist

11. Basic scripting for querying (raw and 
normalized) data and table

Correlation matrix 
•IDConverter – converting one gene ID to another (e.g., from AffyID to AgilentID or GeneBank#, or LocusLinkID or vice verse) 
•ScatterPlot – pair-wise plot 
•JoinTable – Combine two tables 
•SplitTable – If a table contains multiple hybridization data in column with genes in row, the function split the table into individual tables with single 
hybridization data.  
•GetUniqueID – If a table contains duplicated IDs, the function pick out the unique IDs 

10. Other useful functions

Options of data exporting 
Export a selected dataset with specifying a sub list of gene 
Export multiple experiments and/or platforms using selected geneID types (e.g., RefSeq) 

9B Export

Manual import and batch import 9A Import

Copy/Paste/Duplicate an experiment 8. How to create your own workspace

For Affymetrix platform: MAS5, RMA, DChip, Plier, Plier+16 
For other platforms: 7 methods (e.g., LOWESS) 

7. Normalization methods

Create a gene list through data filtering and statistical analysis 
Import/export a gene list 
Conduct normalization filtered by a gene lists 
Conduct statistical analysis (t-test/ANOVA, PCA, HCA and others) based on a gene list 
Export a dataset by specifying the gene list (extended for cross-platform and cross-experiment comparison) 

6. GeneList - An important concept in 
ArrayTrack

Access BarChart from the TOOL box 
Access BarChart from the t-test result table 
Access BarChart from ChipLib and other Libs
How to use BarChart for cross-experiment comparison • Assign group by color 

5. Assessing gene expression profiles using 
BarChart

Principal Component Analysis (PCA) 
Hierarchical Cluster Analysis (HCA) 
Apply HCA and PCA to the external files 
Extensive features in HCA 

4. Data exploring tools

Determine the common genes/pathways/functions shared by two or three gene lists (extended to cross-experiment and –platform comparison and systems 
biology) 
Apply VennDiagram to the external files 

3. VennDiagram

e.g., multiple doses, time points 2. Comparing multiple groups

Statistical methods (t-test, permutation t-test, ANOVA) for group comparison. 
Differentially Expressed Genes (DEGs) identification 
Biological interpretation (individual gene analysis) using LIB 
Pathway analysis (KEGG, PathArt, IPA, MetaCore, Key Molnet) 
Gene Ontology analysis using GOFFA 

1. Comparing two groups (e.g., treated vs
control groups). REQUIRED

Tutorial ContentTutorial Topic
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Tutorial 1:

Comparing two groups (e.g., 
treated vs control groups)
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Many functions in ArrayTrack are 
accessible from multiple paths, 
for example, left-side window 
panels, pull down menus and 
right mouse-click options.
(Analyze the external datasets 
by accessing the tools from 
the left-window panel )

Right-click on a (set of) selected dataset(s) under 
the Database Contents tree to access the 
applicable TOOL functions. This is one of the 
most frequently used functions.

Bookmark the 
website for the 
convenience of 
accessing 
ArrayTrack
(Recommended)

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

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

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

• You can find ArrayTrack websites by searching the keyword 
“ArrayTrack” in any web searching engine (e.g., Google)

Other Tips
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Step 1 - Select “Dataset” for Analysis

Right click the experiment 
“Affy_Rat_MAS5_Only” and select “select 
datasets” “select raw dataset…”

• 12 arrays are highlighted.
• Move the mouse to any place of this 
panel (or window) and right click, the 
analysis options are shown  in the next 
slide 
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• Select “T-Test/ANOVA”
• Note: there are other 
analysis methods available 
in this menu.

A table is pop-up with the 
array on the row and the 
experimental description 
on the column.

Step 2 – Select an analysis method
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• Select the arrays starting with D2 (treated samples, from 7 to 12) 
and click “Assign to New Group” (group 1)
• Select the arrays starting with D0 (control samples, from 1 to 6) 
and click “Assign to New Group” (group 2)

There are total 
12 arrays. The 
arrays whose 
name starting 
with D2 are the 
treated sample 
while those 
starting with 
D0 are the 
controls.   

Pay attention on 
this statement and 

click “next”

Step 3 – Assign arrays into groups



7Select “Do Test” if you don’t know which option should be used.  

Run t-test on a predefined 
gene list (see Topic 6)

Step 4 – Run “T-Test” with different options
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• T-test results with p-value is highlighted
• Many options are available under the 
table. We recommend to use “Volcano 
Plot”.

• Volcano plot results
• 123 genes have p<0.05 and Fold 
Change >1.5

Step 5 – Determine differentially expressed genes
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Step 6 – Save the significant gene list (recommended)
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Double click

Individual gene annotation 
and analysis Pathway analysis

GO-based 
functional analysis

Clicking the three buttons in red circle will direct  you to step 8, 9, 10 
correspondingly, see the next three slides

Step 7 – Biological interpretation using ArrayTrack
pathway, GO and other tools
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Step 8 – Individual gene annotation and analysis 
using GeneLib

Summary info for the 
highlighted gene

Link to other pub 
databases for the 
highlighted gene
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Double click the pathway

the up- and down-regulated genes 
that involves the same pathways Statistical significance

Down-regulation
Up-regulation

Step 9 – Pathway analysis using KEGG
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Tree Window – This is the default view of GOFFA, which enables the hierarchical display 
of the GO terms in a tree-like format; p- and E-values as well as the number of genes are 
also displayed for each GO term. E-values >1 are shown in green and those <1 in red, 
respectively denoting greater or lesser prevalence of the GO term in DEG’s rather than in 
the overall experimental platform. The user can query the tree by GO term, gene 
name/symbol, p-value and E-value with functions below the view. The query-matched GO 
terms are highlighted as blue.

Step 10 – GO-based analysis using GOFFA
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Terms and Genes Windows – The Terms Window (A) and Genes Window (B) summarize 
the findings associated with GO terms and genes respectively in a table format along with 
various statistical parameters (e.g., p- and E-values). Each View contains three tabs 
corresponding to three categories of GO (molecular functions, biological processes and 
cellular components). The table can be sorted in every column by clicking on the column 
header. Sorting on multiple columns is also supported (pressing Ctrl key while clicking on 
the second column header for sorting). Both copy/paste and export functions are available 
to transfer data to external software.

Step 10 – GO-based analysis using GOFFA (cont.)
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GO Path – GO Path is sorted by descending statistical significance based on an inverse Chi-
Squared test and the GOFFA Tree Paths (i.e., linked GO terms) that are displayed from high to 
low at each hierarchical level. GO Path plots the top ten paths with solid circles representing the 
GO terms on the path. The number in X-axis represents the hierarchical level to which the GO 
term belongs and the Y-axis (log p) indicates the statistical significance of the term. A colored 
legend for the top 10 paths is located beneath the plot. Clicking any circle in a path in the plot or 
its corresponding color key launches a Tree View with the selected path highlighted in blue. 
Other features are also available from a popup menu by right clicking the plot, including zoom 
in/out, export figure, etc.

Step 10 – GO-based analysis using GOFFA (cont.)
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GO TreePrune - This function allows the user to filter out nodes and thus reduce the 
complexity of a tree by specifying the p- and E-value as well as the user-defined number of 
genes at the end node. A GO term is represented by a sectored pie, where the red sector 
shows the percentage of DEGs associated with the term. The individual genes associated 
with each term are displayed in the right panel by single clicking the term. The annotation of 
a term can be turned on or off by double clicking the term. Each term (red circle) is movable 
by mouse dragging, which is convenient when working on a dense tree or with many 
annotations. The tree diagram can be zoomed or moved by dragging with the right or left 
mouse button held down. 

Step 10 – GO-based analysis using GOFFA (cont.)
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Tutorial 2:
Comparing multiple 

groups
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Comparing Multiple Groups

• User can choose ANOVA tool to compare 
multiple groups of data.

• There are three ways to activate ANOVA
1. from TOOL panel.
2. from pull-down menu.
3. from selected dataset (database panel).

We recommend the third way.
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Comparing Multiple Groups
User can use ANOVA to compare multiple groups. Running ANOVA is
similar to running T-test (see tutorial 1 for detail about T-test).

1. Activate ANOVA from Tool panel

2. Activate ANOVA from pull-down menu
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Comparing Multiple Groups – continued.

Right-click the selected datasets, choose “Analysis” -> T-Test/ANOVA.

3. Activate ANOVA from database panel
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Comparing multiple groups - continued

Assign data
into 3 groups



6

Comparing Multiple Groups - continued

Options for ANOVA
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Comparing Multiple Groups - continued
ANOVA result of 3 groups

User can further filter the results by setting 
criteria like P value, fold change, etc.
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Comparing Multiple Groups - continued

Options for Pairwise T-test
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Comparing Multiple Groups - continued

Pairwise T-test result
Group 1 vs group 2

Group 1 vs group 3

Group 2 vs group 3

Clicking one of the three group
button will bring the detail table
of the comparing result. See 
Next slide.
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Comparing Multiple Groups - continued
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Tutorial 3:
VennDiagram
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• Why use VennDiagram:
VennDiagram is a tool that visually displays the number of common 

characteristics among 2~3 gene lists.

• How to get Input to VennDiagram:
<1> Gene List saved in ArrayTrack (the most popular usage); 
<2> List saved on your local machine (can be gene/protein/metabolite list); 

• Functions associated with VennDiagram:
<1> Common Genes: based on different gene IDs (GenBank accession #, 

RefSeq, and etc)
<2> Common Pathways: based on KEGG and PathArt

Advanced: across different omics data, such as a gene list from microarray
experiment, a protein list from proteomics study, and a metabolite 
list from metabolomics study

<3> Common Gene Ontology terms: 
<4> Compare two array types:
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Common Genes

Right-click the 
selected gene lists.

- Two ways to input to VennDiagram :
<1> when gene lists have been saved in ArrayTrack:

When genelists come from the same chip, 
Manufactory ID and Spot ID are preferred, 
otherwise use LocusID or other listed gene IDs 
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1) Launch from Tool panel 
or Tool pull-down menu  

<2> when gene lists are saved in local machine:

2) Either open a gene list file 
or paste a list of genes

3) Highlight gene column from loaded tables 
and click “Draw Venn” button.
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By clicking any sections from VennDiagram, the regions will 
be highlighted. Then right click to choose the options. One 
option allows display the selected genes in the original data 
sheet. 

Fold change direction option
Only applies to genelists saved in ArrayTrack
and fold info available. If gene id is same, but 
with different fold change direction, then it 
will be considered as different genes.  

- Display original data for the selected sections
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Common Pathways

Using VennDiagram, the common pathways shared by two or 
three lists can be identified. The lists could be genes from 
microarray study, proteins from the proteomics study or 
metabolites from metabolomics. Please see Topic 6 for 
uploading the protein and metabolite list. 

At this point, ArrayTrack provides KEGG and ParthArt
pathways. Thus, the common pathways are separately identified 
for KEGG and PathArt.
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Highlight common 
LOCUS ID then click 
Draw Venn button

<1> Input: Right-click the selected gene lists, choose VennDiagram by Pathway/Kegg
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GeneList1   GeneList2   GeneList3

<2> Display Pathway: Show common Pathway by right-click of the highlighted green 
area of the VennDiagram. 

Different colors represent
different gene lists.

Double click record on table
to display pathway map 
(genes are highlighted) 
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GeneList1           GeneList2               GeneList3

<3> Display Summary: Select check box to show summary table for Common Pathway. 

P value 1/55 : For pathway “Phosphatidylinositol signaling system”,
55 genes are found in gene library for this pathway
1 gene is found in this genelist.  
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<4> P value cut: calculate p by Fisher Exact Test. 

(1)After apply p < 0.05 (2)Display pathway table & chart

(3)Click table header to sort 

(4)Double click record to 
show pathway map 
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Common pathways:
Advanced: shared by the genes, proteins and metabolites

VennDiagram can also be used to find common pathway based on gene list, protein list and metabolite 
list. Rank of significant of P is displayed in summary table. Click individual KEGG pathway which 
links to KEGG website.

Genes
(i.e. locusid)

Proteins
(i.e. locusid or SwissProt ID)

Metabolites 
(i.e.Compound Cas #)
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Common pathways:
Advanced: shared by the genes, proteins and metabolites

GeneList ProteinList MetaboliteList
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Common pathways
Advanced: shared by the genes, proteins and metabolites

Double click a record from table, or highlight a record from table, 
right click and select “Show Pathway Map” - > “For All Columns”
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Common Gene Ontology terms

GOFFA (Gene Ontology For Functional Analysis) is a specific 
GO-based tool implemented in ArrayTrack.  The common 
GeneOntology function identifies the common Gene Ontology 
terms shared by two or three gene lists. Identification of the 
common Gene Ontology terms is similar to the procedure used 
for determine the common pathways. The common biological 
process, molecular function and Cellular component terms are 
presented in results tables.
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Highlight common LOCUS ID then click Draw Venn
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Right click the highlighted green area, then choose “Highlighted Data View”, 
selecting Common GO tables (all table, Biological Process, Molecular 
Function and Cellular Component)
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Compare two array types

(3)Original data is displayed back into chip library table.

(1)Select the array types to be compared

(2)Click “VennDiagram” button 
and choose the ID type that
the comparison is based on



Tutorial 4:
Data Exploring Tools



Data Exploring Tool

ArrayTrack provides some tools for data
analysis. These tools can be accessed
from the Tool panel, pull-down menu or
database panel. 
This tutorial will cover Principal Component
Analysis (PCA), Hierarchical Cluster
Analysis (HCA), Correlation matrix, Scatter plot
and K-Means.



Principal Component Analysis 
(PCA)

Right-click the selected data, choose “Analysis “ ->PCA
Select dataset, right-click, choose Analysis ->Principal Component Analysis



PCA - continued

The user can choose a specific 
gene list to apply PCA



PCA - continued
This is the PCA 2D view. Click 3D view button will bring out the 3D image, see slide #7.



PCA - continued

Under Score tab, there is the table displaying the scores for all the hybridizations. Select some
Rows, the corresponding spots in the PCA plot will be highlighted. Right-click those spots
Choose Plot Details, the user can define the shape of the spots and color of the spot 



PCA - continued
PCA 3D view



PCA - continued
PCA can also be accessed from T-test result



PCA - continued
PCA from T-test result. Since data are assigned in two groups in T-test, here 
The PCA 3D view automatically shows the two groups in two colors.



Hierarchical Cluster Analysis (HCA)
Select dataset, right-click, choose Analysis ->Hierarchical Cluster Analysis



HCA - continued

Select gene
list to filter 
genes for 
HCA

Options for the branch labeling in 
the hierarchical tree

Display heat map



HCA - continued

Right-click

HCA result



HCA - continued
HCA can also be accessed from T-test result.



•Zoom in and zoom out but clicking      or  

Extensive Features in HCA

•Change the font and the color of the label for each branch of the tree.
•From the HCA plot there is a link to Gene Library according to the available IDs



Apply HCA and PCA to the external files

Click HCA
in the Tool panel

Locate the external 
file (.txt) for HCA



Apply HCA and PCA to the external files – continued



Apply HCA and PCA to the external files – continued

The procedure for applying PCA to the external files is same as applying HCA.



Correlation Matrix
The correlation matrix function shows the correlation between column i and 
column j of the original matrix. It is used to find out the correlation between two 
groups of data in ArrayTrack.
Select data set, right-click, choose Analysis -> Correlation Matrix



Correlation Matrix - continued
Assign dataset to groups, click “Create Correlation Matrix” button.



Correlation Matrix - continued
The diagonal elements of the correlation matrix will be 1 since they are 
the correlation of a column with itself. The correlation matrix is also 
symmetric since the correlation of column i with column j is the same as the 
correlation of column j with column i.



Scatter Plot
Scatter plot shows the fluorescence intensity data of the Cy3 channel versus 
those of the Cy5 channel for the same array.
Select data, right-click, choose “Scatter plot for data”.



Scatter Plot - continued
Using mouse to circle
some spots and approach
libraries to get genome 
info for these spots



K-means
K-means is an algorithm to cluster objects into k clusters based on gene
attributes, and calculate the centroid or mean point for each clusters. 
Users can access K-means from T-test/ANOVA result.

Click K-means button



K-means (continued)

Specify the number of clusters

Specify the max iterations for algorithm

Different algorithms

The following window will pop up with some default values

Click OK button



K-means (continued)

Clusters are
highlighted in
different colors

Options for heat map, 2D PCA view or 3D PCA view

Right-click the selected rows, choose
“Branch selected”, then the heap map
will only show the branch. See the 
next slide.



K-means (continued)
A branch of the previous heat map

By right-clicking the scores table, users
can also save table, copy the highlighted 
rows, change the object color on 2D/3D 
PCA view,



K-means (continued)

Right-click the heat map, user can choose
“Save heat map to file…” to save the 
heat map. There are also many other 
options for users to change the looks of
the heat map.



K-means (continued)

2D view of K-means. Each
cluster is marked in different colors.
The blue stars are centroids.



K-means (continued)
3D PCA view of K-means Summary of K-means
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Tutorial 5:
Accessing gene expression 

profiles using BarChart
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Why use Barchart: 
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.

How to get Barchart: 
<1> from Gene List (the most popular usage); 
<2> from Tool Panel; 
<3> from T-test result; 
<4> from Library windows, such as ChipLib or other Libs.
<5> Advanced: launch barchart from data content tree.

Functions associated with Barchart:
<1> query/sort barchart table;
<2> grouping bars with color;
<3> view standard deviation;
<4> Others: apply log2, flip fold, link to Libraries, Scatter Plot etc;
<5> Advanced: cross multi-experiment comparison.



3

<1> From Gene List
1) Double click a genelist node from database content tree in the top left window.
2) A genelist table will show up. 
3) Highlight a record from genelist table, and right-clicking shows a popup menu.
4) Select ‘Bar Chart’ from the popup menu.
5) A Bar Chart window is displayed with the selected gene’s profile across all 

normalized data set within the specific experiment that this genelist belongs to. 
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<2> From Tool panel
Use it when you know gene id and experiment name

1) Double click BarChart node from Tool Panel (the bottom left window)
2) A BarChart window is shown.
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<2> From Tool panel (cont.)
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Select a gene in the 
T-test result and 
choose BarChart
from “Selected-Spot”
menu.

<3> From T-test Result
Please refer Tutorial 1 for generating T-test result.
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<4> From ChipLib and other Libs
1) Select gene from library table
2) Click “BarChart” button on the top of tool bars
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<5> Advanced: From Data Tree
1) Select experiment name, then right click to select datasets
2) Type in search pattern, matched data will be highlighted in the tree.
3) Right click and select “BarChart” to launch.   (continue on next page.. )
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Functions: Query/Sort Barchart Table 
Query:
1) Type constraint in a particular field on the query row.
2) Click query button.
3) Barchart will be re-drawn based on the search result.
Sort: Click header to sort table by columns.
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Functions: Grouping Bars 
1) Select group of records from table or highlight bars from bar chart panel
2) Click “Color/Grouping” button and select “Assign Group by Color”
3) Once grouping is done, Click “Color/Grouping” button again and select “Save 

Group by Color”. (the grouping info will be saved for that particular 
experiment, so when you view other genes within the same experiment, the 
color of grouping will automatically be applied.)
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Functions: Standard Deviation 
1) Click “Standard Deviation” tab on the top of barchart panel

(the standard deviation chart makes more sense after grouping.)
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Functions: Others

1) “Log2” apply to fold for 2 
channels data

2) “Flip Fold” applies to 2 
channels data.

3) Link to ScatterPlot
4) Link to ChipLibrary
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Advanced Function: How to use BarChart
for cross-experiment comparison
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Tutorial 6:
GeneList – An important 
concept in ArrayTrack
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Introduction

There are several ways to create a gene list in ArrayTrack:
- Create a gene list through statistical analysis (page 3)
- Create a gene list through volcano plot (page 5)
- Create a gene list through data filtering (page 6)
- Create a gene list through manual selection (page 7)
- Create a gene list through GOFFA (page 8)
- Create a gene list through pathway (page 10)
- Alternatively, the user can import a list of genes that is 
created outside of ArrayTrack. (page 12)

The Gene List folder contains gene lists that are usually 
derived from applying certain filtering criteria (e.g. P-value, 
fold change, etc) on the microarray data. As a common 
practice, a list of gene is identified by researchers and 
then carried forward for biological interpretation and/or 
further analysis.

Overview

Detail view

ArrayTrack allows the following operations solely based on gene lists:
- Normalization based on a gene list (page 21)
- Statistical analysis (t-test, PCA, HCA) applied on a gene list (page 22)
- Venn diagram drawn on two or three gene lists (page 19)
- Functional analysis on a gene list (page 26)
- Export a set of microarray with genes that are specified by a gene list (page 28)
- Miscellaneous: delete a gene list (page 17); create a Gene List subfolder (page 15)  
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Create a gene list through statistical 
analysis

From data analysis results (e.g. T-test result. See Tutorial 1 for doing T-test).

T-test result

Set P value 
and fold change

criteria Click “Create Sig.
Gene List” button
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Create a gene list through statistical 
analysis - continued

Can be saved into different
experiment

The saved gene list will
be displayed under the 
experiment
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Create gene list through volcano plot
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Create a gene list through data 
filtering

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.

The total number of 
selected hybridizations 

Right-click the selected data, choose 

“Create gene list by data filtering
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Create a gene list through querying 
chip information

The user can filter out some genes (e.g. spike-in genes) to get a gene list for 
further normalization.

This image shows a raw dataset using filtering criteria to only display the genes the user inquired.
User can open any raw data to get the following spreadsheet.

Keyword search – ‘AFFX’
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Create Gene List through GOFFA

This is the GOFFA table. Click Gene tab, then right-click the gene table, select
“Create significant gene list…”
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Create Gene List through GOFFA

Type in the cutoff P value

Name the gene list

Select the experiment 
name for the location 
of the saved gene list

When the user type in the cutoff p value, the number of genes will change according to 
the value of P.
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Create Significant Gene List through 
Pathway

Right-click the pathway table,
Then select “Create significant 
Gene list…”
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Create Significant Gene List 
through Pathway

Type in the cutoff P value

Name the gene list

Select the experiment 
name for the location 
of the saved gene list
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Import/Export a gene list
Right-click the experiment, then choose 
Gene Lists -> Import
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Import/Export a gene list – cont.
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Import/Export a gene list – cont.

Assign table
columns to the
corresponding fields
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Import/Export a gene list -
continued

Export the gene list

Move the gene list
To a new folder
See next slide
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Import/Export a gene list -
continued

Move gene list to a new folder 

The gene is moved to new
Folder - Temp
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Import/Export a gene list -
continued

Rename the gene list

Delete the gene list
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Draw Venn Diagram from gene lists
Select gene lists

Draw Venn Diagram
By different approach

Draw Venn Diagram
By various ID
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Draw Venn Diagram from gene lists
-continued

More detail about Venn Diagram
is explained in Tutorial 3.
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By clicking any sections from VennDiagram, the regions will 
be highlighted. Then right click to choose the options. One 
option allows display the selected genes in the original data 
sheet. 

Fold change direction option
Only applies to genelists saved in ArrayTrack
and fold info available. If gene id is same, but 
with different fold change direction, then it 
will be considered as different genes.  

Draw Venn Diagram from gene lists
-continued
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Conduct normalization filtered by a gene list
User can do data normalization based on a filtered gene list. Refer tutorial 7 for
Normalization methods.
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Conduct statistical analysis based on a gene list

Doing T-test based on a
filtered gene lists
Refer tutorial 1 for T-test
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Conduct statistical analysis based 
on a gene list - continued

Doing PCA based on a filtered gene lists. Refer Tutorial 4 for PCA
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Conduct statistical analysis based on a gene 
list - continued

Doing Correlation
Matrix based on a 
filtered gene list
Refer Tutorial 10 
for Correlation 
Matrix
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Conduct statistical analysis based on a gene 
list - continued

Doing HCA based on
a filtered gene list
Refer Tutorial 4 for HCA
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Double click

Individual gene 
annotation and analysis

Pathway analysis
GO-based 

functional analysis

Biological interpretation using ArrayTrack
Pathway, GO and other tools
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Summary info for the 
highlighted gene

Link to other pub 
databases for the 
highlighted gene

Individual gene annotation and analysis using GeneLib
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Export a dataset by specifying the 
gene list

The user can export data with only selected genes. Refer Tutorial 9 for data export.



1

Tutorial 7:
Normalization Methods
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Normalization methods for 
Affymetrix data

• MAS 5
• RMA
• DChip
• Plier
• Plier +16

Can be applied on multiple arrays

Can be applied on single array
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Normalization methods for 
Affymetrix data - continued

Right-click the selected data, choose 
“Convert affy cel files to probe sets.
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Normalization methods for 
Affymetrix data - continued

The converted probe sets files will
be shown under the experiment.
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Other normalization methods

• Lowess
• Total intensity norm 
• Linear Lowess
• GenePix Mean Log ratio
• Mean/Median scaling
• Percentile Scaling
• Ref Avg Comp
• Quantile

The following methods are for one and/or two channels

For 2 channel only

For 1 channel only

For either 1
or 2 channel
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Normalize Data
Select the data, right-click, choose “Normalize…”
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Lowess
Lowess is for two channel data only.
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Total intensity ration normalization
is for two channel only.

Total Intensity Ratio Normalization
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Mean/Median Scaling 
Normalization

or one or two channel data
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GenePix Mean Log Ration Normalization

This method is for two channel data only
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Linear & Lowess Normalization

For two channel data only



12

Quantile Normaliztion

For one channel only
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Reference Average Comparison Normaliztion

For one channel only
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Tutorial 8: 
How to create your own 

workspace
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The structure of the data in ArrayTrack
Data is organized as a hierarchical tree structure:

Exp owner

Exp Name

Hyb Name

Raw Data

Normalized Data

Gene List



3

Create new user group and experiment
User can create his own group to congregate all the experiments under his own space

Create new user group

Type in the new experiment name
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Experiment name

Must save experiment

Create Experiment
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Copy Experiment

Select the hybridizations to be copied, right-click -> choose “Copy data sets for
Pasting elsewhere

User can also copy experiment from other group and paste it under his own group
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Copy experiment - continued

Right-click the other experiment (for storing the copied data), then choose
“Paste # raw data sets”.
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Duplicate an experiment

Select the data to be duplicated, right-click -> choose “Duplicate data sets”. The data
sets will be duplicated under the same experiment folder. This is different from 
copying data that the copied data can be copied to a different experiment.
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Tutorial 9A: 
Data Import
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Data Import
Before you import any data, you need to create array type unless the 
array type is already exist in ArrayTrack (you can check all the existing 
array type from Chip Library). For Affymetrix array type, you can take it 
as it is. But for other array type (e.g. Agilent) you need to check the 
coordinates and gene ID to make sure they are exactly match with your 
data file. 
You also need to create hybridization file which will be used for batch 
import. The following slides will lead you through all the steps.
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Check Existing Array Type 

Double-click

Chip Library stores all the array types that
are available in ArrayTrack.
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Check Existing Array Type
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Check Existing Array Type

• If the array type for your data (e.g. Affy_HG U133_Plus_2) 
does not exist in ArrayTrack, you need to go to slide #34 
(create array type). After you created array type, then come 
back to continue the next slides (create experiment).

• If the array type for your data does exist in ArrayTrack, you 
can continue to the next slide (create experiment.
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Create experiment
Create experiment

Before importing data, you need to create an experiment to hold the data.

1. Click “New 
Exp” button

2. Choose group owner who will own this 
new exp and type the new exp name

3. Save the exp
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Create experiment
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Create experiment
After clicking the save exp button, you will see the new 
experiment displaying under the designated owner.
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Batch Import

There are two formats for batch import: 
• Regular batch import
• Simple Tox format – for animal toxicology study 

data submission, with combined and extracted 
main fields from SEND (Standard for Exchange 
of Nonclinical Data)
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Batch Import - regular

Right-click the experiment, choose “Batch Import Data”
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Batch Import Wizard

Choose the array type

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

Click Next button

This is an example of importing 2-channel data.



12

Batch Import
Use Excel to create a hybridization file like following. You will need this file 
for batch import.

* * *

* is required column. The others are optional columns.
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Batch Import Wizard – continued

Hybridization file

Click browse button to locate the data files

Click browse button to locate the hybridization files
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Batch Import Wizard - – continued

Assign the other columns 
to the corresponding fields

Click Next button

Click this button to get more
database fields if you have 
more information to put in, 
otherwise skip this step. See
next slide.
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Batch Import Wizard - continued
Select the database fields in the left panel, click => to add in the right panel and this
added field will be shown in the batch import interface. 

Available database
Fields in DB

These fields will be shown
In the batch import wizard
interface
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Batch Import Wizard - continued
Preview the table for hybridization assignment before import
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Batch Import Wizard - continued
Data file 

Database fields

Map the columns in the data file to the 
corresponding DB fields by selecting 
the column in the data file, then clicking 
the DB field button 
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Data import is finished!

Batch Import Wizard - continued
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Batch Import Wizard
Import CEL File Data

Right-click the experiment and choose “Batch Import Data”.
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Batch Import Wizard
Import CEL File Data
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Batch Import Wizard
Import CEL File Data
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Batch Import Wizard
Import CEL File Data
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Batch Import Wizard
Import CEL File Data

Click Yes to save the configuration file which stores all the assignments, 
making it easier for the second time import in case of the first import failure.
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Batch Import Wizard
Import CEL File Data
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Batch Import Wizard
Import CEL File Data

Import is finished. 
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Convert CEL file to probe set file
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Select the data, right-click, choose “Convert affy cel files to probe sets.
ArrayTrack can convert cel to RMA, DChip, qPlier and qPlier16

Convert CEL file to probe set file

Keep in mind that you have to choose multiple data to do the converting of all
the methods except MAS5. For example, you can not select just one data to do
RMA converting, otherwise you will get the following message:
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Convert CEL file to probe set file

Converted probe set files



29

Batch Import – Simple Tox Format

Right-click the experiment, choose “Batch Import Data – Simple Tox Format”

Click Browse button to locate the hybridization file and data files directory.
The next slide shows an example of hybridization table file.
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Batch Import – Simple Tox Format
This is an example of hybridization table file (which is attached). User can use
this as a template to make his own hybridization file. Just make sure that your
column titles are exactly same as this template.
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Batch Import – Simple Tox Format

Select the right array type.
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Batch Import – Simple Tox
Format
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Batch Import – Simple Tox
Format

Batch import is successfully finished.
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Create Array Type
Click “Database” menu, choose “Array Type Modification” ->”Create a new 
Array Type”.
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Create Array Type - continued 
The following is the example of creating array type for 2 channel data.

Locate the array type file

Type in the array type name

Choose the manufacture name

Ignore this button If you don’t
have configuration file. You will
be asked to save the configuration
file later, see slide #28
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Create Array Type - continued 

Click Help button to view the location definition
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Create Array Type - continued 

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

Column header

Description buttons

Click Import button
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Create Array Type - continued 
The user can save configuration file for future auto-loading and reference.
Click Yes button to save to the local drive.
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Create Array Type - continued 

The array type is created
successfully.
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Create Array Type - Affymetrix

User can download the annotation
File from Affymetrix website and use
It to create array type in ArrayTrack
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Create Array Type - Affymetrix
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Specify the number of spots

Create Array Type - Affymetrix



43

Map the columns to database fields then click “Import” button. 
See the next slide for the suggested mapping fields.

Create Array Type - Affymetrix
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PATHWAYSPathway

MOLECULAR_FUNCTIONGene Ontology Molecular Function

CELULAR_COMPONENTGene Ontology Cellular Component

BIOLOGICAL_PROCESSGene Ontology Biological Process

REFSEQRefSeq Transcript ID

PROTEIN_REFSEQRefSeq Protein ID

OMIMOMIM

EC

SWISSPROT_ACC_NUMBERSwissProt

LOCUSIDEntrez Gene

EnsemblEnsembl

Unigene Cluster Type

CHROMLOCATIONChromosomal Location

GENENAMEGene Symbol

DESCRIPTIONGene Title

Alignments

Genome Version

UNIGENEIDUniGene ID

Archival UniGene Cluster

GENEBANKACCRepresentative Public ID

GEN_DESCR_MFRTarget Description

BP_EndEnd

BP_StartSart

StrandStrand

GEN_ID_MFRProbe Set ID

ArrayTrack chip fieldsAffymetrix annotation CSV file

We suggest mapping the columns of Affy annotation file to the ArrayTrack fields according the following table. 
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Create Array Type - Affymetrix
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Tutorial 9B: 
Data Export
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Data Export

Right-click the experiment,
->select datasets -> select
raw datasets…if you want
To export raw data.

Note: user can also select
normalized data to export.
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Data Export

All the selected data will be highlighted.
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Right-click the highlighted data, select Export -> Export single-platform data as spreadsheet.

Data Export –
single-platform data spreadsheet
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Data Export –
single-platform data spreadsheet

Choose the output options. Intensity Data Fields
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Data Export –
single-platform data spreadsheet

Dataset Filtering
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Data Export –
single-platform data spreadsheet

Select genes for the export criteria

Gene Filtering
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Data Export –
single-platform data spreadsheet

Spot Fields
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Data Export –
single-platform data spreadsheet

This panel controls column naming for dataset columns in the 
output.  Depending on the naming scheme for the datasets, 
some information may be redundant while necessary 
information may have been omitted, which can be corrected 
here.

Dataset Naming
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Data Export –
single-platform data spreadsheet

Save to your folder
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Data Export – Export original files 
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Data Export – original data files
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Data Export- in narrow format

Choosing this option, you will save all the exported 
data in one file.
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Export Data – to JMP/Genomics

The user need JMP v6.0 or higher to open the exported files.
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Export Data – to JMP/Genomics 
(continued)

Type in the name for exp design table
and data table. Then choose the location
for the exported data.
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Export Data – to JMP/Genomics 
(continued)

Once the exported data are saved, open JMP, click Genomics pull-down menu, 
choose “Data set Creation -> Other Expression ->ArrayTrack”
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Export Data – to JMP/Genomics 
(continued)

Choose the exp design file
and the folder containing
the data file.
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Export Data – to JMP/Genomics 
(continued)
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Export data – to DrugMatrix

This function is only for the data of a few array type
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Mixed Platform Exporting

When datasets from multiple platforms are 
exported together,  a gene identifier type must be 
chosen to serve as a “match field” (e.g. 
“REFSEQ”). Filtering based on a gene identifier 
may also be done. 
For single-platform datasets the single-platform 
export should be used, as it supports more output 
options.
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Mixed Platform Exporting
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Tutorial 10:
Other Useful Functions
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Other Functions in ArrayTrack
1. ID converter
2. Join table
3. Split table
4. Get unique ID
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ID Converter
Double-click ID Converter
In the Library panelID converter is a very

useful tool that
converts one kind of
ID to another when
user searching
libraries with only a
few available ID types
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ID Converter - continued
Select the input ID type

Paste the IDs
in this box

Select the 
output ID type
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Join Table
User can join two data tables according to a common ID
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Join Table - continued

Open the two tables
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Join Table - continued

Highlight the columns for
merging 
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Split Table
ArrayTrack provides a tool for splitting a big spreadsheet to separated files.  
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Split Table - continued

Click “Open Input File” button
To open the table file
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Split Table - continued

Select the column header of the first column for the 
first dataset, then click button “First Column for dataset 1”.
Then select the column header of the first column for the 
Second dataset, then click button “First Column for dataset 2”.

Click Browse to find the folder to save the 
split files.
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Get Unique ID
Using this tool, the user can find out how many
unique IDs there are in a data file.

Paste the IDs in here
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Get Unique ID - continued
The value in Column N represents the frequency of the ID in the data table

This is not an unique ID
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Tutorial 11:
Basic scripting for querying

(raw and normalized )
data and table
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Querying Data

ArrayTrack provides a way to select a group
of data easily. Users can take advantage of
this convenience to select a bunch of data
for further data analysis.
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Query data from the database tree

Only data containing “D0” will be selected
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Query data in tables
Various criteria for filtering data



5

Sort the table Click the column title to sort
ascending      or descendingClick fresh button
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Tutorial 12:
Using SAM through 

ArrayTrack
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SAM-Test
SAM (Significance Analysis of Microarrays) is an analysis tool for
Identifying statistical significant genes in a set of microarray experiments.
http://www-stat.stanford.edu/~tibs/SAM/

Before using SAM-test tool in ArrayTrack, users should read SAM manual
http://www-stat.stanford.edu/~tibs/SAM/sam.pdf

The SAM tool in ArrayTrack includes following analysis types:
•Two class paired
•Two class unpaired
•One class
•Multi class
•Survival
•One class timecourse
•Two class unpaired timecourse
•Two class paired timecourse
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SAM-Test: two class unpaired

Select all the data, right-click, choose “Analysis -> SAM-Test”
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SAM-Test: two class unpaired

First select analysis type
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SAM-Test: two class unpaired

Highlight one group of data, then 
click “Assign to New Group” button.

Repeat the same step for assigning
The second group.
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SAM-Test: two class unpaired
After assign data sets into two groups, click “Next” button.

Data sets are assigned to 2 groups. 
The size of each group is presented
in parenthesis.
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SAM-Test: two class unpaired

If you use the sample data 
to compare with the SAM 
results in Excel, make 
sure “apply log…” is 
Unchecked.

These values are default
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SAM-Test: two class unpaired

Click SAM Plot button
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SAM-Test: two class unpaired
This is the SAM plot

The default FDR <0.05.

Display the numbers for
significant genes according
to the current delta, FDR and 
fold change values.

Color legend:
Red – SAM up
Green – SAM down
Blue – non fold significant
Black – non significant
Pink - marked
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SAM-Test: two class unpaired
SAM Plot

Users can type in numbers
for Delta, FDR and fold change

Dragging the dash line will change
the delta, FDR value.

Move mouse over a spot, the
score value and gene name
will be shown.
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SAM-test: One class

Right-click the selected data set, choose “Analysis” -> SAM-Test.
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SAM-test: One class

Select Analysis type – One
Class. Then highlight all
The data, click “Assign to
New Group” button.
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SAM-test: One class

The value in the text boxes are default. Click “Do Tests” button.
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SAM-test: One class
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SAM-test: One class
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SAM-test: MultiClass
Right-click the selected data set, choose “Analysis” ->SAM-Test
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SAM-test: MultiClass

Choose the analysis type
first, then assign the data set
to multiple groups.
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SAM-test: MultiClass

These values are default
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SAM-test: MultiClass
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SAM-Test: two class paired
Right-click the selected data set, choose “Analysis” ->SAM-Test.
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SAM-Test: two class paired

Select data for group 1,
click “Assign to New 
Group” button.

Check “Before”, then click
OK button

Make sure analysis 
type is selected.

1

2

3



22

SAM-Test: two class paired

1. Select data for group 2,
Click “Assign to New Group”
Button.

2. Check “After”, then click
OK button
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SAM-Test: two class paired

Data are assigned
In pairs

Click “Next” button.
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SAM-Test: two class paired

These values are default



25

SAM-Test: two class paired
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SAM-Test: Timecourse
One class timecourse
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SAM-Test: one class timecourse
Highlight the first group, click “Assign to New Group” button.

Check “Start” radio button, type in number  “1” in the
time text box. Click OK button.
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SAM-Test: One Class Timecourse

For second group, check “Other” radio button and type in number “2” for time course. 

1T1.0S-2

1 means class 1.
T1.0 means time 1.0
S means start
-2 means replicate 2
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SAM-Test: One Class Timecourse
Repeat the previous steps for assigning the other groups. For the last group, check
“End” radio button and type in the time. Click OK button.
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SAM-Test: One Class Timecourse
This is what looks like after assigning all the groups. 

Time 1
Start

Time 2

Time 3

Time 4

Time 5
End
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SAM-Test: One Class Timecourse

These values are default
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SAM-Test: One Class Timecourse
One class time course result:
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SAM-Test: Two Class Unpaired 
Timecourse

Right-click the selected data set, choose “Analysis” ->SAM-Test.
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SAM-Test: Two Class Unpaired 
Timecourse

Here the steps are similar as
one class time course. User assign
start time point, middle point and 
end time point for class one. And
then repeat the steps for class two.
Just remember if class one is control
group, then class two will be treated
group.

Make sure the analysis type is
Selected before assigning class.
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SAM-Test: Two Class Unpaired 
Timecourse

Class one from start
to end time point.

Repeat the steps to
assign class two.
Class two is treated.
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SAM-Test: Two Class Unpaired 
Timecourse

Here is what looks like
after assigning.

Class one

Class two

Click Next button to get SAM-test
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SAM-Test: Survival

Right-click the selected data set, choose “Analysis” ->SAM-Test
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SAM-Test: Survival

Select the first data – (1.3, 1)-sample-6, click “Assign to New Group” button. 
Type 1.3 in the time area.

This data set has two groups. The first number in parenthesis represent time and the 
second number in parenthesis (1 or 0) represents “died” (1) or “censored”(0) group.
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SAM-Test: Survival
Repeat the previous steps to assign the other data of group 1, type in the time.
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SAM-Test: Survival
This image shows all the data of group 1 has been assigned. 
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SAM-Test: Survival
Select the 2nd data which is in group 0, click “Assign to New Group” button. Check
“Censored” check box and type in the time.
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SAM-Test: Survival
Do the same steps for the other data of group 0.
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SAM-Test: Survival
Here is what looks like after assigning all the data. Click “Next” button.
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SAM-Test: Survival

These values are default
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Tutorial 13: 
Simple Tox Format
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SimpleTox for Toxicogenomics Study
• Used directly for data uploading for toxicogenomics 

experiment  (non-clinical data and clinical data)
http://www.cdisc.org/models/send/v1.4/index.html

• Rationale behind SimpleTox
– To capture essential information related to microarray and 

toxicity study to attain sufficient information for cross-study 
analysis

– To mimic the way of biologists managing/organizing data
– To be compliant with MIAME and SEND 

• Format
– Excel spreadsheet format 
– Contains required and optional fields 
– Customization: Users be able to add new fields
– Searchable
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Click “Studies…” button to bring out the window
below.

Select the study named “Simple_ToxFormat”, then click “View Observation”.

Select one study, the experiment that references the selected
Study will be shown below 

These two tabs show that there is one experiment associated with the study 
above, and there are 59 hybridizations for this experiment. 

Search data by study and individual 
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Click Hybs tab, the table below will display all the information about the hybridizations.
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You can select the study named “Simple_ToxFormat”, then click “View Observation”
to view the detail of the observation including sample info and toxicological info. See
the observation viewer in slide 6.

Highlight the exp and click “Select Exp Dataset” button will select all the data
(or just raw/normalized data) in the data panel for data analysis purpose (see the
screen shot in next slide)
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Data analysis

Group data according to sample 
info and toxicological info.
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User can also change the 
display of column naming

Switch to study summary domain



8

Batch Import – Simple Tox Format

Right-click the experiment, choose “Batch Import Data – Simple Tox Format”

Click Browse button to locate the hybridization file and data files directory.
The next slide shows an example of hybridization table file.
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Batch Import – Simple Tox Format
This is an example of hybridization table file (which can be downloaded from
ArrayTrack help pull-down menu.). User can use this as a template to make his
own hybridization file. Just make sure that your column titles are exactly same as 
this template. You are allowed to add new columns, however formatted columns
Designed for toxicogenomics study will benefit for future across study analysis.

The next slide shows a table that explains
the meaning of the column heads. The order
for each column doesn’t matter.
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SimpleTox

……..……..……..

Carbon Tetrachloride; AcetaminophenCompond nameCompound

Single Dose Toxicity or Repeat Dose ToxicityStudy typeStudyType

2/25/2007Hybridization dateHybDate

A, B or C; 1,2, or 3Biological replicatesBio_Rep

A, B or C; 1,2, or 3Technical replicates; microarray specificTech_Rep

6 days repeating toxicity study Study titleStudyTitle

Subject identifierSubjiect_ID

Affymetrix Mouse 430_2Array typeArrayType

Biotin; Cy3RNA label reagentLabel

1,2,3 … or p1002356User-specified identifier for a 
hybridization

Array_ID

APAP_Dose100_Time6; APAP_Dose0_Time6Sample nameSampleName

APAP_D100_T6_Jun04; APAP_D0_T6_Jun04User specified identifier for a 
hybridization name

HybName

GSM142129.CELMicroarray data fileDataFile

NCTR/FDA, EPALaboratory or institution nameInstitution

ExampleDescriptionSimpleTox Column Head

The red-colored part are required fields, while black-colored are optional fields.
If you don’t have Array_ID, you can use subject_ID as Array_ID.
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Batch Import – Simple Tox Format

Select the right array type.
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Batch Import – Simple Tox
Format
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Batch Import – Simple Tox
Format

Batch import is successfully finished.
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You will be asked the following question, click “Yes” button to permanently delete
the experiment.

Delete 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.
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Delete Data
After deleted experiment, you need to delete the study. Select the study, right-click,
Choose “Delete Studies”.

Click “OK” button.
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