Statistical Analysis

1-way ANOVA test

2-way ANOVA test

Parametric Test & Nonparametric Test
Multiple Test Correction
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One-Way ANOVA

To filter out genes that don’t vary significantly
across different groups with multiple samples.

This comparison is performed for each gene

and genes with sufficiently small p-values are
returned.

Comparisons can be performed with parametric or
non-parametric methods.



Test Options

Specific test used

Specific test used

Options (analyzing 2 groups) (analyzing more than 2 groups)
Parametric
(variances equal) Student’s T-test ANOVA
Parametric
(variances not equal) Welch t-test Welch ANOWVA

Parametric (use all
available error estimate)

Welch t-test using error model
variances

Welch ANOVA using error model
variances

Nonparametric

Wilcoxon-Mann-Whitney test

Kruskal-Wallis test




Before Performing 1-way ANOVA
- A Checklist

Do you have replicates for the experimental groups
that you are about to compare?

Have you filtered out genes whose measurements
are mostly unreliable?

Have you defined one parameter in the Experiment
Parameters window indicating which sample
belongs to which group?

If you plan to use a parametric test, have you
changed the analysis mode to Log of Ratio in the
Experiment Parameters window?
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Overview of the 1-way ANOVA Tests Window

Choose Gene List: Select the gene list containing the set of genes you would like to analyze.
Statistical tests will be performed only on genes in the selected gene list. Again, it is
recommended that the all genes gene list should not be used. Instead, use a list of genes that
has been filtered to remove genes with measurements mostly in the noise range or mostly
flagged Absent.

Choose Experiment: Choose the experiment and its proper interpretation to analyze. If you are
using parametric tests, then your experiment interpretation should be in log-of-ratio mode.

Parameter to Test: Select the parameter and the underlying groups to compare. In the
example shown above, the parameter, 'Drug Agent’” was selected to compare the effect of
different drug agents on Sprague-Dawley rats. If you would like to compare only selected
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.

Test Type: Select the appropriate 1-way ANOWVA test type. If you are using a parametric test,
make sure your data has been log-transformed (by selecting log-of-ratio mode in experiment
interpretation window).

False Discovery Rate: Indicates the overall rate of false positive. The wording for this option,
and its final effect on the number of false positives, changes according to the multiple testing
correction selected in the option below.

Multiple Testing Correction: This test option 1s not required for analysis, but it will allow you
to keep the overall rate of false positive low.

Post Hoc Tests: This test option 1s also not required for analysis, but selecting this option will
allow you to determine which pair(s) among the groups under study have expression means
that are statistically different.



Multiple Testing Corrections (MTC)

e What iIs MTC?

MTC adjusts individual p value to account for multiple
comparisons and keep error rate < user-defined p
cut-off value.

e Without MTC

e.g. compare 5000 genes across various parameters. How many genes

out of 5000 are differentially expressed between Drug A and B? If test N
Genes with a p-value cut-off of p, then expect ~ N*P genes called
significant by chance.

5000 genes x 0.05 p = 250 genes

« How MTC controls error rate?
How much error is controlled depends on the MTC chosen.



MTC

Types of Error

 Individual (genewise) error rate
None, lots of false positives.

« Family-wise error rate (FWER): very conservative
-Bonferroni
-Bonferroni step-down (Holm)
-Westfall & Young permutation

« False discovery rate (FDR): balanced approach
Benjamini & Hochberg



Example

The recommended correction for multiple testing is Benjamini and Hochberg False Discovery Rate
procedure. This procedure is the least stringent of all the methods mentioned above, but it provides a
good balance between discovery of statistically significant differences in gene expression and protection
against false positives (Type | error).

The stringency of MTC procedures mentioned increases as the number of genes being tested (genes
on selected gene list) iIncreases. The following example illustrates this situation:
If
» number of genes on gene list = 10,000
»  p-value cutoff = 0.05
»  p-value for Gene A without MTC equals 0.000006

If the Bonferroni multiple testing correction was applied to this analysis, then the p- value for
Gene A with MTC equals 0.06:

P—value with MTC = 10,000 x 0.000006
|t is therefore recommended that you perform statistical analysis on a list of genes that have been

filtered for unreliable genes since the multiple testing corrections are directly affected by the number of
genes on your gene list.



2-Way ANOVA

For significant differences across groups by 2
parameters.
such as parameters for time point and treatment
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