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1 Introduction

SAM-GS (Significance Analysis of Microarray for Gene Sets) is a statistical technique
for assessing the associations of gene expression in a-priori defined gene sets, or
biological pathways, with a binary phenotype in microarray experiments. It was

proposed by Dinu et al., (2007) as an alternative to GSEA (Mootha et al., 2003).

The inputs to SAM-GS are: (1) gene expression measurements of each sample; (2) a
phenotype indicator of each sample; and (3) definitions of gene sets, or biological
pathways whose associations with the phenotype are of primary scientific interest. The
phenotype is binary (e.g., cases and controls). More than two groups or continuous
phenotype coding may be considered in the future. SAM-GS computes a t-like statistic
for each member of a gene set, in the same way as SAM does, and uses the sum of their
squares over the gene set as the measure of association between the gene set and the
phenotype of interest. Statistical significance of the association is assessed using a
permutation test, permuting the phenotype labels. Multiple gene sets can be considered
in an analysis, assessing the false discovery rate of each gene set (Storey, 2002; Storey

and Tibshirani, 2003; Storey, Taylor and Siegmund, 2004).

This document assumes the basic knowledge of SAM, p-value and g-value and

permutation tests.



2 Obtaining SAM-GS

SAM-GS is free software (MS Excel Add-in) made by Yasui Biostatistics Research
Group at the University of Alberta. Please register and download the software at

http://www.ualberta.ca/~yyasui/homepage.html.

2.1 Changes in version 1.0.2
e Time required to perform permutation tests is significantly improved. The
method of the analysis remains the same. The default number of permutations is

now 1000.

3 System requirements

e Microsoft Excel 2000 or more recent version.

e The latest version of R. This is freely available from the website http://www.r-
project.org/. Download the windows executable version. The package g-value is
needed, which can be downloaded from Prof. John Storey’s website at

http://faculty.washington.edu/~jstorey/qvalue/windows.html.

4 Installation

e Install the latest version of R. We recommend using all the default setting in the
installation procedure.
e Install the Q-value library for R. The library can be installed by starting R and

selecting the pull-down menu "Packages -> Install package from local zipped



file...", and then selecting the zip file downloaded from the above g-value website
(e.g., qvalue_1.1.zip).
e Enable Macros in Excel
1. Open Excel and Click Tools | Macros | Security
2. On the Security Level tab click Medium | OK

e Download EdmontonMethods.xla from the website www.sam-gs.org and save it

into C:\EdmontonMethods
e Install the add-in in Excel:
1. Open Excel
2. Click Tools | Add-ins | Browse to
C:\EdmontonMethods\EdmontonMethods.xla | OK

You should now see an "Edmonton Methods" choice on the Excel menubar.

5 Document

This document is available from http://www.ualberta.ca/~yyasui/homepage.html.

6 Example dataset

An example of the use of SAM-GS is available from the SAM-GS website

http://www.ualberta.ca/~yyasui/homepage.html, which was taken from Mootha et al.

(2003). We downloaded the example dataset from the GSEA web-page:

http://www.broad.mit.edu/gsea

6.1 The gene expression file



The Excel file p53.csv (Figure 1) has the gene expression measurements for 10,100 genes
(probes) and 50 samples: with 33 being classified as carrying a p53 mutation and 17 as
wild type (note that samples in Group 1 should be in adjacent columns and samples in
Group 2 should be in adjacent columns). The first row of the spreadsheet has the sample
names, one per column, starting at column 3. The first two columns have information
about the genes (probes):

Column 1 = Name of the gene (probe)

Column 2 = Description of the gene (probe) for users’ reference.
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6.2 The gene set definitions
The Excel files C2partl.csv (Figure 2A) and C2part2.csv (Figure 2B) have the

definitions of gene sets, taken from GSEA web-page: http://www.broad.mit.edu/gsea

The reason for using two files is that an Excel file can contain only 256 columns which is
insufficient for the number of gene sets 308 we have here: please see Section 6.2 for

details.

The first row of C2partl.csv has the gene set names, starting from the second column,
while the first column in C2partl.csv has the gene names (10,100 genes). For each of the
10,100 genes, if the gene is in the gene set, 1 is assigned to the corresponding cell of
C2partl.csv. Otherwise, 0 is assigned to that cell. Missing values are not allowed in the

gene expression files or the gene set files.

6.3 Using data in multiple sheets

The maximum number of columns one can have in an Excel worksheet is 256 columns.
If you have more than 256 columns, you can arrange the data in multiple sheets before
invoking SAM-GS. In the above example, there are 50 samples in the gene expression
spreadsheet p53.scv. Plus the first two columns, the total number of columns is 52. One

worksheet is enough to cover the gene expression data in this case.

There are 308 gene sets. Plus the first column with the gene names, the total number of
columns is 309, which exceeds the 256. The C2partl.csv file has the first column with
gene names, plus 255 columns, one for each gene set. The remaining 53 gene sets are

arranged in C2part2.csv, one per column.



If you have to use multiple sheets for gene expression, only the first sheet contains the
gene name and gene description columns. Similarly, if you have to use multiple sheets

for the gene set definitions, only the first sheet contains the gene sets names.
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Figure 2B
7 Running SAM-GS
Open the gene expression file(s) and the gene set definitions file(s). In any of the opened

file, click "Edmonton Methods" on the Excel menubar, a dialog form shown in Figure 3

now pops up.
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Step 1: Select the gene expression files by clicking the button “Select Expression Files”.

Step 2: Select the gene sets files by clicking the button “Select Geneset Files”.

Step 3: Specify the number of samples in Groupl and Group2, and if desired, change any

of the values of the default parameters (the number of permutations and the number of

percentile bands in SAM) (Figure 4).
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Step 2: Specify which open workbooks contain geneset definition matrices

cZparkl.csv, cZparktz.csy
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Figure 4

Step 4: Click the Run button to run the analysis. Wait till a message box with “Done”

pops out, then click “OK” (Figure 4B). (Run time depends on the datasets, the number of

permutations and the PC system. In our system, the example took 5 minutes.)
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The software creates a separate Excel file, named “book1”, which contains the results,

Figure 4B

including the gene set name, the gene set size, the p-value and g-value for each gene set.

In Step 3, you can specify the values of the following parameters:

Permutations: SAM-GS uses permutations to get p-values. The bigger the number of

permutations is, the more accurate the resulting p-values are. But more permutations will

require more time to run. The default number of permutations is 1000.

Number of percentile bands in SAM: This parameter is used for computation of s,. For

details, please see Tusher et al., 2001. The default number is 100.

11



Number of Group 1 columns(n,): The number of samples in Group 1.

Number of Group 2 columns(n,): The number of samples in Group 2.

8 SAM-GS output

The sheet of the analysis results (Figure 5, SAMGSresult) shows the p-value and g-value
of each gene set based on the permutation test for no association between the gene

expression of the gene set and the binary phenotype.
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9 Troubleshooting

When you run the software and get the error message “Run-time error ‘13’ Type

mismatch”, then it may due to the following problems:

In the gene set files, each column contains values 1 and 0, indicating a gene in the
gene set or not. If a column contains only 0’s, i.e, no gene is in the gene set, you
will get the above error message. Please ensure that each gene set (column) has at
least one gene (one entry of 1 in the column).

If you have appropriate data files and correct parameter numbers, but you still get
the above error message, it may due to a Microsoft’s software update issue. The
MS Excel on your machine may not be using the most updated service pack. You

can go to http://office.microsoft.com/en-us/downloads/default.aspx and click the

"Office Update" on the left box to update your MS Office.
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