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Microarray experiment 

http://arrayit.com/Products/Microarrays/Discover_Chips/discover_chips.html


Some possible applications of 

microarray

1. Measuring the RNA levels of thousands of 
genes simultaneously.

2. Knowledge of physiological processes and 
disease etiology.

3. Classification of cancers and diagnosis.

4. Drug design.



Typical for microarray experiment

1. Usually small sample size

2. Large number of genes

3. The expression level of many genes are 

correlated. 



A common task

Find genes whose expression levels are 

significantly different in two more more

different experimental conditions



Statistical Challenges

1. Small sample size

Large sample theory is not suitable

2. Large number of genes

Chance alone may lead to many genes that are 

significantly expressed

3. Correlated gene expression

Correction for multiple tests are difficult



Detecting difference

One of the most effective tests is the traditional t-test

where  and         (i=1,2)  are, respectively,  the mean and  
standard deviation  for sample i.
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Error Control

Type I error: 

The probability of a significant result when the truth 

is not. 

The well known Bonferroni correction for type I 
error is a/N, where  a is the level of significance, say 
5%,  and N is the number of genes examined.



Error Control

False discovery rate(FDR):

The expectedproportion of falsepositives among 
the declared significant results



Significance Analysis of Microarray

SAM (Tusher et al. 2001)

Modified t-statistic 

where S is standard deviation

and S0 is a correction factor. Its value 
was chosen to minimize the coefficients 
of variation of d in a moving window.
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Procedure of SAM

ÅFor each gene, permute sample designation to 
generate an empirical value of  d

ÅRank d(O) and d(E) (observed and empirical d-
statistic of genes )

ÅFor a given threshold r, significance is declared 
for a gene if |d(O)-dk(E)|> r,  where k is the 
rank of the gene from exprimentaldata and 
dk(E)  is the average kth value in d(E) from the 
permuted data.  



SAM

Advantage
Seemingly sound in principle,

Distribution free

Disadvantage

(1) The correction does not seem work too well

(2) For  small sample size, the number of  
different permutation samples is also small, 
which leads to conservative test and bias in the 
estimate of FDR


