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ABSTRACT 
Summary:  MADE4, microarray ade4, is a software pack-
age that facilitates multivariate analysis of microarray gene 
expression data.  MADE4 accepts a wide variety of gene 
expression data formats.  MADE4 takes advantage of the 
extensive multivariate statistical and graphical functions in 
the R package ade4, extending these for application to mi-
croarray data.  In addition MADE4 provides new graphical 
and visualisation tools that aid in interpretation of multivari-
ate analysis of microarray data.  
Availability: The R package MADE4 is available from Bio-
conductor www.bioconductor.org and bioinf.ucd.ie/software/ 
Supplementary information: MADE4 is well documented.  
There are tutorials, in the form of vignettes, which describe 
typical analyses.  In addition the MADE4 manual provides 
descriptions and examples for each function. 

1 INTRODUCTION  
The aim in writing MADE4 was to provide a simple-to-use 
tool for multivariate analysis of microarray data.  Multivari-
ate approaches have been applied very successfully in the 
analysis of microarray data.  Principal component analysis 
(PCA) has been shown to be useful in exploratory analysis 
of linear trends in data (Raychaudhuri et al. 2000; Crescenzi 
and Giuliani 2001).  Fellenberg et al. (2001) described the 
application of correspondence analysis to study the associa-
tion between microarray samples and genes in a reduced 
dimensional space.  A group ordination approach was ap-
plied successfully to classification and class prediction of 
microarray samples (Culhane et al. 2002).  More recently, 
Culhane et al. (2003) employed a two table coupling method 
(coinertia analysis, CIA) to examine covariant gene expres-
sion patterns between microarray datasets from different 
platforms. 
Although PCA is available in several R packages, including 
stats and amap, the R package ade4 contains many addi-
tional multivariate statistical methods including methods for 
analysis of one data matrix, coupling of two data matrices, 

or multi-table analysis (Thioulouse et al. 1997; Chessel et 
al. 2004).  These latter methods for integrating multiple 
datasets make this particular package very attractive for 
analysis of microarray data.  MADE4 is developed as an 
extension to ade4 to facilitate input and analysis of microar-
ray data.  In order to provide this functionality MADE4 is 
integrated with Bioconductor (Gentleman et al. 2004), 
probably the most popular microarray analysis software, 
which contains numerous packages for pre-processing, nor-
malization, gene filtering, and analysis of microarray data.    

2 DATA INPUT 
MADE4 accepts a wide variety of gene expression data in-
put formats, including Bioconductor AffyBatch, ex-
prSet, marrayRaw, and standard R matrix formats 
(data.frame or matrix).  MADE4 will automatically 
recognise these data formats, and no additional data process-
ing is required. 

3 MULTIVARIATE ANALYSIS 
The function ord simplifies running ordination methods 
such as principal component, correspondence or non-
symmetric correspondence analysis. It provides a wrapper 
which calls each of these methods in ade4. 
 
results.coa <- ord(data, type = "coa") 

4 BETWEEN GROUPS ANALYSIS (BGA) 
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Between Group Analysis (BGA) is a supervised classifica-
tion method (Culhane et al. 2002).   The basis of BGA is to 
ordinate the groups rather than the individual samples. In 
tests on two microarray gene expression datasets, BGA per-
formed comparably to a range of supervised classification 
methods, including support vector machines and artificial 
neural networks (Culhane et al. 2002).  An attractive feature 
of BGA is that it is not limited by the large number of genes 
relative to the number of samples typical of microarray data. 
BGA of a dataset can be performed using the function bga. 
The projection of test data on BGA axes can be assessed   
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using the function suppl. Leave-one-out cross validation 
can be performed using bga.jackknife.  

In addition there are functions for drawing 1D and 3D plots.  
For example the function html3d produces output which 
can be visualized using jmol, Rasmol or chime (Figure 2), 
providing a free and very useful interface for colouring, 

 
results.bga <- bga(data, classvector) 

rotating, zooming and manipulating 3D graphs. 
5 COINERTIA ANALYSIS (CIA) 
CIA has been applied to the cross-platform comparison of 
microarray gene expression datasets (Culhane et al. 2003). 
CIA is a multivariate method that identifies trends or co-
relationships in multiple datasets which contain the same 
cases or variables. That is, either the rows or the columns of 
a matrix must be "matchable". CIA can be applied to data-
sets where the number of variables (genes) far exceeds the 
number of samples (arrays).    
 
results.cia<-cia(dataset1, dataset2) 

6 VISUALISATION OF RESULTS 
There are many functions in MADE4 to visualise results.  
The simplest way to view results produced by ord, bga 
or cia is to use plot.  Microarray samples (or genes) 
can be colour-coded if a vector of class membership is 
given.    

Figure 2  Visualisation of 3 axes of an ordination of microarray 
data.  The 3D plot was produced using html3D and Rasmol. 
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