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Riassunto: Negli ultimi anni la tecnologia microarray ha rivoluzionato la ricerca medica
ed ha fornito la possibilità di identificare un sottoinsieme di geni, la cui variazione nel li-
vello d’espressione può essere utilizzata per prevedere, ad esempio, il trattamento medico
più idoneo da somministrare a un gruppo di pazienti. Uno dei problemi legati all’analisi
dei dati microarray, ottenuti mediante piattaforma oligonucleotidica ad elevata densità, è
la definizione di un’opportuna misura del livello d’espressione dei geni in esame. Scopo
del presente lavoro è quello di definire una nuova misura del livello d’espressione dei geni
derivata dal modello per la correzione del background proposto da Mineo et al. (2006).
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1. Introduction

Microarrays permit to scientists the screening of thousands of genes simultaneously to
determine, for example, whether those genes are active, hyperactive or silent in normal or
cancerous tissues. A primary task in microarray analysis is to obtain a good measure of the
gene expression that can be used for a so called higher level analysis. Different methods
have been proposed for high density oligonucleotide arrays (see Cope et al. (2004) for
a review). Aim of this paper is to obtain a new gene expression measure based on the
background correction model proposed by Mineo et al. (2006). The proposed method is
validated by means of a free available data-set called Spike-In133 experiment, where 42
genes are spiked in 42 arrays at known concentration from 0 to 512 pico-Molar (pM).

2. Gene expression measure based on a GLMM

The background correction model, proposed by Mineo et al. (2006), is based on a gener-
alized linear mixed model in order to take into account the data structure and the skewness
of the distribution of the probe intensities. In order to obtain the gene expression matrix
is necessary to define a summarization step, where the intensities read from a probe-set
are summarized in a single measure. The proposed method is based on three steps; first
of all, by means of the Spike-In133 experiment, we estimate the calibration curve for the
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Figure 1: The panel (a) shows the relationship between the mean intensity (Ȳ )
and the amount of concentration in pico-Molar (pM) on log2 scale. The panel (b)
shows the relationship between calibrate gene expression measure (ζ̂) and
log2 pM ; the dashed line represents the ideal situation.
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logarithm of the mean intensities (figure 1(a)); then, we use a generalized linear mixed
model to obtain a non-calibrated gene expression measure and finally we use the calibra-
tion curve to calibrate the gene expression measures. Formally, let Yijk be the intensity
read from the i-th probe of the j-th gene of the k-th array and ζjk the calibrated expression
measure; we assume that Yijk is Gamma distributed and for the j-th gene of the k-th array
we use the model:

log[E(Yijk|αi)] = αi + θjk, αi ∼ N(0, σ2), (1)

where θjk is the non-calibrated expression measure. By using a linear calibration curve
for the logarithm of the mean intensity, a calibrated expression measure for the j-th gene
on the k-th array is defined in the following way

ζ̂jk =
β̂0 − θ̂jk

β̂1

. (2)

where β̂0 and β̂1 are the estimates of the calibration line parameters. Figure 1(b) shows
the calibrated gene expression measures obtained with the proposed method. The results
are better than those obtained with other popular methods. Moreover, this procedure can
be used to link the preprocessing step with the usual higher order analysis; for example,
to identify a subset of differentially expressed genes, we can define a new linear predictor
(1) in order to use all the information contained in the experimental design.
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