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Definition and Applications

The Differential Expression Analysis module in GeneSpringGX analyses replicate experiments using
statistical hypothe  sis testing algorithms to find statistical significance p -values for genes.

Several different types of experiment designs can be handled by this module. Typical examples of
situations where you can use this module to determine differentially expressed ge nes include the
following, among others:

e You have run two groups of replicate experiments, say a control and a treatment group, and
you wish to determine genes that are differentially expressed between control and treatment.

e You have run two or more gr oups of experiments, and you wish to determine genes which
show significantly different behavior between groups or between any pair of groups.

For each of the above experiment types, appropriate statistical tests in GeneSpringGX will determine
significan ce p -values for each gene between pairs of groups.

One-way analysis of variance (ANOVA) tests allow you to determine if one given factor, such as drug
treatment, has a significant effect on gene expression behavior across any of the groups under study.
A significant p -value resulting from a 1 -way ANOVA test would indicate that a gene is differentially
expressed in at least one of the groups analyzed. If there are more than two groups being analyzed,

however, the 1 -way ANOVA does not specifically indicate w hich pair of groups exhibits statistical
differences. Post Hoc tests can be applied in this specific situation to determine which specific
pair/pair s are differentially expressed.

For Two -way ANOVA, A statistical test is applied to identify genes with sig nal intensity values that are
statistically significantly different between at least two experimental conditions. If experimental

conditions are defined by two parameters (e.g. Treatment Type and Time), a Two -way ANOVA is
applied to determine if changes in signal intensity of a ~ gene across experimental conditions is due to
differences in treatment type, differences in time, or the interaction of treatment and time. For the

Two-way ANOVA, three p -values are calculated for each gene ; one for each of the parameters and an
interaction p -value of the two parameters.

This document highlights th e differences in GeneSpring GX 7.3.1 and GeneSpring GX 9.0 for Statistical
Analysis. The primary purpose of this document is to provide ins ights into the features and settings
equivalent in bot h the versions with respect t o Statistical Analysis.



For GeneSpring 7.3.1

It is mandatory that you either have replicates or apply the cross -gene error model if no replicates are
available, in order to perform 1 -way ANOVA for groups under study. It is also recommended (though

not mandatory) that your statistical analysis be performed on a set of reliable genes, instead of all
genes, on the chips.
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Figure 1. Statistical Analysis (ANOVA) T Test Type Selection in GeneSpring GX 7.3.1
For GeneS pring 9.0
It is mandatory that you have replicates, in order to perform 1 -way ANOVA for groups under study. It

is also recommended (though not mandatory) that your statistical analysis be performed on a set of
reliable genes, instead of  all entities, on t he chips.

Note: Cross-Gene Error Model is not present in the current version. Thus, it is mandatory to have
replicates to perform statistical analysis in GeneSpring GX 9.0



Test Options

For a Single Parameter, two groups

Options

GeneSpring 7.3.1

GeneSp ring 9.0

Parametric
(equal variances)

Parametric test, assume variances
equal (t -test, unpaired)

TTest unpaired

Parametric
(unequal variances)

test
-test,

Parametric
variances equal (Welch t
unpaired)

d

TTest unpaired unequal
variance
(Welch T -test)

Parametric (use all
available error estimate)

Parametric test, use all available
error estimates (Welch t
error model variances)

-test using

N/A

Non - parametric

Non - parametric test
(Mann Whitney test, unpaired)

MannWhitney unpaired

Table 1. Sta tistical Analysis

- Test options for a single parameter, two groups

For a Single Parameter, more than two groups

Options

GeneSpring 7.3.1

GeneSpring 9.0

Parametric
(equal variances)

Parametric test, assume variances
equal (ANOVA)

ANOVA

Parametric Parametric test, d ANOVA unequal variance
(u nequal variances) variances equal (Welch ANOVA) (Welch ANOVA)
Parametric (use all Parametric test, use all available
error estimates (Welch ANOVA using N/A

available error estimate)

error model variances)

Non - parametric

Non - parametric test
(Kruskal -Wallis test)

Kruskal Wallis

Table 2. Statistical Analysis

- Test options for a single parameter, more than two groups




For Two Parameters

Options GeneSpring 7.3.1 GeneSpring 9.0
Parametric Parametric test, assume variances
(equal var iances) equal (ANOVA) 2-Way ANOVA
Non - parametric test
Non - parametric (no interactions) N/A

Table 3. Statistical Analysis

Test options for two parameters




Kruskal -Wallis test (Non - parametric test)

For GeneSpring 7 .3.1 , if the number of replicates for each group is less than 5, then it gives a
warning message st at ipargmetrihtest worksTpboely wittoless than five samples per
group. You should consider a differenthemestdel 0. Click O00K® to

Post Hoc tests can be applied for Kruskal Wallis test in GeneSpring GX 7.3.1
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False Discovery Rate: 0.05
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Figure 2. Statistical Analysis (ANOVA) T Kruskal Wallis warning message in GeneSpring GX 7.3.1
For GeneSpring 9.0 , if the number of replicates for each group is less than 5, then it does not

display a warning message. It is generally recommended not to perform Kruskal Wallis test for an
experiment with less than 5 replicates for each group, as the results obtained thereafter are not
reliable.

Post Hoc tests cann ot be applied for Kruskal Wallis test in GeneSpring GX 9.0



Selecting the Parameter to test

GeneSpring 7.3.1

I'n the O6Stati

stical Analysis (ANOVA) wi ndow, select

compare. If you would like to compare only select ed conditions for this parameter, open the Select
Groups Manually window, and uncheck the conditions that you would like to ignore. Only groups that
are checked will be analyzed.
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Figure 3. Statistical Analysis (ANOVA) i Parameter Selection in GeneSpri ng GX 7.3.1



GeneSpring 9.0

A new interpretation needs to be created for each of the parameter to be tested. The interpretation

needs to be based only on the parameter(s) that is to be used for analysis. All the other parameters

should be deselected (or, u nchecked) in t he first step 6Sel ect Par ame
Interpretationd process.

Select parameters
An Interpretation specifies how samples will be grouped into experimental conditions for display and used for
analysis, Select the parameter(s) to group samples by, All samples with the same parameter values will be
grouped into an experimental condition,

Select experiment parameters

[] Treatment

| [¥] Time

:E]Dose

l [Next > ] [Cancel ]

Figure 4. 6Create | nterpriatSetliecnt d Ppraomesdse,r st ém IGeneSpring G
If you would like to compare only selected conditions for this par ameter, uncheck the conditions that

you would |like to ignore in the next step 06Select Conditions

Only groups that are checked will be analyzed.

Select conditions
Select the conditions defined by the selected parameter(s) to include in the interpretation. Samples within a
condition are considered as replicates and, for each entity, the average intensity value across replicates will be
used for visualization and analysis.

Unselect conditions to exclude
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Figure 5. O0Create Interpried @eli @ecdd t@oooncseds s,n SHeenpe Siplr i ng GX 9.0
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Post Hoc Test Results

GeneSpring GX 7.3.1 displays Post Hoc Test results in two formats :

I. Result Summary by Gene

Results Summary by Gene |Results Summary by Groups |

The tahle shows the geometric mean expression value for each gene in each group. Groups with
the same color show no statistical difference for that gene. To make a gene list of all the
genes that show a similar color pattern, select the row of interest and click on Make List.
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Figure 6. Post Hoc Test 1 Result Summary by Gene in GeneSpring GX 7.3.1

II.  Result Summary by Groups

Results Summary by Gene Results Summary by Groups |

Each box shows the number of genes statistically similar or different in a
group to group compatrison. To make a gene list, click on the block(s) you wish
to select and click one of the buttons below.

[
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Figure 7. Post Hoc Test 1 Result Summary by Groups in GeneSpring GX 7.3.1



GeneSpring GX 9.0 displays Post Hoc test results in only one format

. Result Summary by Groups

Post-hoc Analysis Report jul

Test Description

tukeyHSD Post Hoc test, Entities Found to be differentially expressed are represented
in the blue boxes, while entities found not to be differentially expressed are
represented in the orange boxes. To save entities of interest as an entity list,

select one or multiple boxes and click on the "Union" or "Intersection” button.

| Result Summary

Group Mame | [048] [004] [016] [024] [072]
[048] 1081 391 S65 126 475
[004] 690 1081 575 333 671
[016] 516 S06 1081 442 596
[024] 955 748 639 1081 557
[072] 606 410 485 524 1081

Figure 8. Post Hoc Test T Result Summary in GeneSpring GX 9.0

Two -Way ANOVA

In GeneSpri ng GX 7.3.1 , Two -Way ANOVA gives better result for balanced experimental design;

however it can be used for HAProportional designo experi ment
both uses same methodology but slight change in computation. GeneSpring G X 7.3.1 gives error for

unbalanced design experiment.

GeneSpring GX 9.0 handles both balanced as well as unbalanced experimental design, however
proportional experimental design is considered as unbalanced design. It performs Two -Way balanced
ANOVA test fo r balanced experimental design and Two -Way unbalanced ANOVA test for unbalanced or
proportional experimental design.
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