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Summary
In order to identify significantly differentially expressed genes in two-channel
microarray, one approach is to assign a threshold level. If the expression level of a gene
falls outside the threshold, the gene is interpreted to have differentially expressed. Using
the distribution of extremes of expression levels obtained from control experiments
through the self-versus-self hybridizations, this report presents estimation of threshold
levels with a given confidence coefficient.

Introduction
In microarray experiments, a large number of genes are assayed for their expression
levels and the data on the expression levels are used to examine the patterns of gene
expression. In a microarray experiment, cDNA fragments or oligos on the array will be
hybridized with genes labeled with two fluorescence dyes (red- Cy5 and green-Cy3)
which represent two different experiment conditions, the ratio of fluorescence intensities
between two channels for each gene could be considered as the fold change in gene

expression level between two experimental conditions. Further these expressions have
been normalized and transformed for their statistical behavior (Yang et al., 2002; Yang et
al., 2002a; Churchill, 2002; Quackenbush, 2002). The main interest in all these
experiments is to determine genes which are significantly differentially expressed over a
statistical population.

In several microarray experiments, one determines cut-off points for differential
expression (DE) of gene showing non-random variation using a fixed fold-change cut-off
point, or one determined in terms of mean and standard deviation of the expressions on a
gene (References). These methods primarily address confidence estimation of mean
expression levels, e.g. using a Z-score (Yang et al. 2002).

In our understanding, any DE gene expression level will be on the extremes of the
distribution of the expression levels. Therefore, it would be essential to estimate
thresholds/limits (with a given confidence or coverage probability) for the extreme
measurements observed in given random samples. While in many microarrays, small
replications only could be afforded when experimenting when accommodating a number
of treatments, biological replicates and technical replicates. Here we believe that if we
could estimate the limits based on the control experiment in which the same RNA was
labeled with both Cy3 and Cy5 and hybridized to the same cDNA array, the limits so
determined will serve as threshold for DE in the other experiments as well. The purpose
of this study is to develop evaluation method for limits of extremes of the gene

expressions based on statistical distribution theory. These limits could be applied on the
data and results interpreted whenever the data becomes available.

Statistical methods
Let x1 , x 2 , x 3 . . . x n denote observed expression levels obtained from a single channel
microarray of n genes assayed on tissues from a same genotype, for example, RNA from
a given wheat genotype. The expression level likely to be DE will lie in the right or left
tail of the sample distribution based on x1 , x 2 , x 3 . . . x n . Let x (1) and x (n) denote extreme
values, minimum and maximum, of the sample. Johnson and Kotz (1970) discuss in
details main properties of the extreme value distribution. We assume that the maximum
order statistic X= x (n) follow Type I Extreme Value distribution with following
distribution:

Pr[X ≤ x] = exp(- exp (-(x-ξ )/θ ))
Using above distribution function, one can obtain distribution of the minimum order
statistics x (1) as well.

In order to estimate the parameters, ξ and θ , we first generated a bootstrap sample by
resampling the observed sample x1 , x 2 , x 3 . . . x n with replacement and computed its
maximum and minimum values. Through independently repeated sampling B times, we
generated B bootstrap values of maximum and minimum. Results were tabulated for
three values of B = 200, 500, 1000. Using the B values of maximums, we used two

methods of estimation of the parameters, ξ andθ . Using a simple method of moments,
the estimators of ξ andθ are:
θ̂ = ( 6/π)×σ max and ξˆ = x max − γ θˆ
where σ max and x max are standard deviation and mean of B bootstrap values of maxima,
and γ is Euler constant (0.57722). The maximum likelihood estimates can be obtained
using the Genstat.

Using the above distribution function form of the extreme value distribution, upper α /2
threshold limit for maxima say, x max, α /2 , can be computed in terms of the estimates as
follows:

1-α /2 = exp(- exp (-(x max, α /2 -ξˆ)/θˆ))

Or, after simplification, we get

x max, α /2 = ξˆ −θˆ log ( − log (1 −α / 2 ) )

Similarly, minus of the bootstrapped minimum values could be used to estimate another
extreme value distribution parameters say, ξ ' and θ ' . Let their estimates be denoted by
ξˆ ' and θˆ ' . Following above approach, the lower α /2 threshold limit for minima
say, x min, α /2 would be

x min, α /2 = - ( ξˆ ' −θˆ ' log ( − log (1 −α / 2 ) ) ) .

Thus, a gene with expression value exceeding x max, α /2 or falling below x min, α /2 will show
an evidence of differential expression at α probability level of significance. If the
direction of the expression is known, then a gene with expression level exceeding x max, α
will indicate a significantly expressed up-regulated gene at α probability level. Similarly
a gene with expression level below x min, α will indicate a significantly expressed downregulated gene.

Remarks
These expressions measure the span of the extremes with a given confidence. In the
absence of real data, their usefulness is of little value. Authors anticipate applying them
once the data sets become available.
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