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Summary

In order to identify significantly differentiolly expressed genes in
a two-channel microarmay, one approach is to assign a threshold
level, The gene is considered to have differentially expressed if
the expression level falls ouiside the threshold. This paper
deseribes an alternative method to estimate threshold levels with
a given confidence coefficient. by analyzing the distribution of
exiremes of expression levels obuined from conirol
hvhridization expermments.

Inireduction
In microarray experiments, o large number of genes an

for their expression levels and the data vsed o cxan
patiems of pene expression. The objective is |
which are significamly differentially exprossed

» cDNA fragments or oligos on the array arc

with genes labeled with two fluorescent

Cy5, preen Cy3) which represent two i
experimental conditions

Rano of Meorescence indensiiies between tw
channels for each gene could be considercd o
change in gene expression level between the two
experimental conditions

These cxpressions are normalized and transformed For desirabile
statistical behavior (Ivana Yang of al., 2002; Yee Yang of al.
2002; Quackenbush, 2002).

Differential expression (DE) of gene sfhowing non-raridom
variafion: cul-off point is pre-assigned (i.e. using a fixed
fold-change cut-off point), or detcrmined in terms of mean and
standard deviation of the expressions on a gene.

In our understanding, DE will occur on the extremes of the
distribution of expression levels. Therefore, it would be
warthwhile to estimate threshalds/limits (with a given confidence

or coverage probability) for the exiremes in a piven random
sample.

We suggest an alternative. [T we could estimaie the limits based
on the control experiment — in which the same RNA was labeled
with both Cy3 and Cy5 and hybridized 10 the same cDNA array -
the limits so determined will serve as a [DE threshold in other
cxperiments as well. Our study aimed 1o develop methods to
evaluate the limits of extremes of gene expressions, based an

statistical disiribution theory. These limits could be then be used
on real data,

Stll'.llti:n] nwumlh

Let x, and x  be the minimum and maximum values of the

sample (see Johnson and Kotz 1970, for propertics of extreme
values),

We assume that the maximum x_ follows Type 1 Extreme Value
distnibution with following distnibution:

PAX < x| = exp (- exp [-(x-EV &)

¢ thns distribution function. we can obtain distribution of the
well.

sstimate the parameters £ and @:

rootstrap sample by resampling the observe
s« with replacement, and computed it
nurn values. (i) Through independenils
H umes, we gencrated B min‘max values
ted lor vanous values of B. (i) Using the
15, £ and & can be estimated cither by the
i estimates, available in Genstat: or by
where the estimators of £ and @ are:

e, and E=X_ 3l

where o and X .., are standard deviation and mean of B
bootstrap values of maxima, and ¥ is Euler constant ((0.57722)

Llsmg the above distnbution function for extreme values, upper

threshold limil for maxima say, x_ - . can be computed as:

1-a/2 =expl{-exp(-(x__ _,._.v;"'l'f.':‘l]
Or, afier simplificatvon

i

Xpm a2

- @ log( - log(1-a/2))

Simalarly, minus of the bootstrapped minimum values could be
used to estimate another set of extreme value distribution

pnmmctcn say £ and @ Let their estimates be denoled by
Zrand &

Using the same approach. the lower a/2 threshold limit for
minima, say x__ - would be

Koimaa = (£'=0" log(-log(1-a/2)))

* Thus, a gene with expression value above X - or below
X o indicates DE at @ probability level of significance.

= If the direction of the expression is known, then expression
fevel exceeding ., , will indicate a significanly expressed
up-regulated gene al o probability level. Expression level
below x_, . will indicate a s‘lgnl.ﬁmnﬂy expressed
down-regulated gene.




