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Powers of Multiple-Testing Procedures for Identification of 
Genes Significantly Differentially Expressed in Microarray 
Experiments  
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Abstract: Because of the high operation costs involved in microarray experiments, the determination of the number of replicates 
required to detect a gene significantly differentially expressed in a given multiple-testing procedure is of considerable significance. 
Calculation of power/replicate numbers required in multiple-testing procedures provides design guidance for microarray 
experiments. Based on this model and by choice of a multiple-testing procedure, expression noises based on permutation 
resampling can be considerably minimized. The method for mixture distribution model is suitable to various microarray data types 
obtained from single noise sources, or from multiple noise sources. By using the biological replicate number required in microarray 
experiments for a given power or by determining the power required to detect a gene significantly differentially expressed, given 
the sample size, or the best multiple-testing method can be chosen. As an example, a single-distribution model of t-statistic was 
fitted to an observed microarray dataset of 3 000 genes responsive to stroke in rat, and then used to calculate powers of four popular 
multiple-testing procedures to detect a gene of an expression change D. The results show that the B-procedure had the lowest power 
to detect a gene of small change among the multiple-testing procedures, whereas the BH-procedure had the highest power. However, 
all multiple-testing procedures had the same power to identify a gene having the largest change. Similar to a single test, the power 
of the BH-procedure to detect a small change does not vary as the number of genes increases, but powers of the other three 
multiple-testing procedures decline as the number of genes increases. 
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Microarray is a novel and promising biotech-
nology that provides significant insight into the dif-
ferential expression profiles of thousands of genes in 
cells[1,2] and is becoming very popular in biological 
and medical studies in addressing a wide range of 
problems, such as classification of tumors and host 
genomic response to bacterial infections[3]. An im-
portant and common goal in microarray experiments 
is to identify differentially expressed genes, that is, 
the identification of genes whose expression levels 
may be associated with a response to a complicated 
disease, such as stroke and cancer, presents useful 
information of important biological processes or 
functions[4,5]. 

However, as many authors[6-11] have pointed out, 

many noises occur in microarray expression pro-
files[1,2] because of multiple sources of variation that 
arise in producing the measurements, such as varia-
tion in the preparation of mRNA samples and in the 
incorporation of fluorescent tags, optical noise, and 
cross-hybridization, which lead to false positive re-
sults that are obtained merely based on differential 
expression analysis. Therefore, an existent challenge 
is how to detect those genuine changes from noisy 
microarray data. In practice, a common way to dis-
tinguish true changes from noises is to design an ex-
periment in which replicates are required for statisti-
cal analyses of gene expression[6]. The key question      
is, however, how many replicates will be enough to 
detect differentially expressed genes in microarray  
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experiments. This problem then seems to fall into the 
traditional two-sample comparison in statistics. For 
microarray experiments, however, it is impossible 
and unnecessary to set as large a sample size as that 
required in a traditional two-sample test because of 
some limitations of experimental conditions and the 
fact that gene expression variations derived from 
noises on arrays may be assumed to be random, in-
dependent, and follow one or several distributions, 
which makes it possible to decrease sample sizes that 
must be required in the traditional experiments for the 
powers to detect systemic or treatment effects[8].  

 

)

Black and Doerge[9] studied powers/replicates 
for the detection of differentially expressed genes 
using a parametric method. As is known, parametric 
methods depend on an assumption that noises in mi-
croarray experiments follow lognormal or gamma 
distributions[6]. However, true null distributions in 
microarray experiments are unknown. An alternative 
approach that avoids this assumption is to construct a 
distribution model consisting of either single or mul-
tiple distributions. Such a distribution model is very 
useful and necessary for the reasonable estimation of 
the null distribution because if experimental noises 
come from a single source, the null distribution based 
on this model is reliably estimated by a single em-
pirical distribution, or if there are multiple noise 
sources in microarray experiments and these noises 
follow different distributions, the model will be 
composed of multiple components at different pro-
portions, and thus the estimate of the null distribution 
is neither biased toward one of these different distri-
butions nor made with an assumed distribution. 
However, a critical need for such a model is to be 
able to obtain an empirical distribution of the expres-
sion noises for the observed microarray data. Cur-
rently, there have already been several approaches to 
this task, of which permutation indeed is a preferred 
approach to construction of a reasonable empirical 
distribution of expression noises for the microarray 
data. Although housekeeping gene is one of the ap-
proaches, it is unacceptable in practice because it is 
difficult to find thousands of housekeeping genes for 
a given microarray experiment[8]. 

In this study, the permutation approach is used to 
construct the mixture distribution model for calcula-
tion of the required power/replicate number in dif-
ferent multiple-testing procedures to detect the genes 
that are differentially expressed in microarray ex-
periments. 

1  Materials and Methods 

1. 1  Statistical model  

It is generally assumed that there are two sys-
tems for differential expression of genes in microar-
ray experiments where the systems may be treatment 
and control[9], conditions[8], different tissues or geno-
types, depending on experimental objectives. Let 

 be a sample of  ob-

served values that are randomly drawn from system k 
(k = 1, 2) for gene i (i = 1,

1 2( , , ,
kiki ki kimx x x x= L kim

 L , N), where N is the 
number of genes detected on arrays. It is noteworthy 
that only biological replication such as tissue (or in-
dividual) replication is taken into account for this 
study. For two-experiment design, only one sample is 
generally drawn from one system. Therefore, the 
sample from system k is also called sample k for 
convenience. The jth observed expression value of 
gene i in sample k is expressed by 
 ,kij i ki kijx eμ τ= + +  (1) 

where iμ  is the overall mean of all observed ex-

pression values of gene i; ,kiτ  effect of system k 

contributing to expression variation of gene i and 
 random error or expression noise with mean 

= 0 and variance 
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kiσ . The number of repli-

cated observed values for expression of gene i in sys-
tem k is specified by  and N genes may have 

different replicates, i.e.,  may be unequal to  

(i

kim

kim klm

≠ l, i, l = 1,L , N). In other words, any data with 
replicate number ≥ 2, including incomplete data, 
are taken into account in this study. From equation (1), 
the expectation of expression level kijx  is denoted 

by ( ) .kij i kiE x μ τ= +  ( )  is estimated by mean kijE x

kix . Thus a null hypothesis for the systemic effects 
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