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1 Introduction
As techniques of the biomolecular sequence analysis have progressed in recent years, the genome
structures of each life form have been revealed. To fully understand the life process, we have to
analyze all gene expressions in cells. The DNA microarray technique is currently attractive as an
effective methods for measuring the activity of genes in cells. This technique enables us to understand
the behaviour of genes. However, the cDNA microarray method does not measure the absolute gene
expressions, but rather their relative expression levels are compared to a sample tissue. To measure
the relative expression levels, we compare the fluorescence of target cDNAs with the fluorescence of
reference cDNAs of the same tissue types. In other words, we figure out up- or down-regulations
detected by using the cDNA microarray method to compare fluorescence of reference and target
cDNAs.

When we employ the cDNA microarray method for measuring the activity of cDNAs in cells, we use
the cDNAs of reference genes of the same tissue type in the same types of experiments. Therefore, the
fluorescences of reference cDNAs in each experiment should be the same. However, the fluorescences
of reference cDNAs in individual experiments are almost always different in a practical sense because
of measurement errors and the environments. Therefore, the amounts of gene representation are not
always the same even if the relative expression levels are the same in each experiment. In other words,
the relative expression levels of one experiment may not be comparable to another. We believe that
this problem is a systematic error of the cDNA microarray method that must be corrected for before
any downstream analysis, such as identification and classification of differentially expressed genes, can
be performed.

Schuchhardt [1] proposed a normalization method of target and reference fluorescences by using
two scaling functions. These functions are based on nonlinear parametric functions. However, if we
use these functions, we should decide the value of the parameters.

In this paper, we first investigate expression levels of reference genes and prove that using the
relative expression levels of individual experiments is useless for measuring the activity of genes in
cells. We also propose a non-parametric method for normalizing fluorescence of target cDNAs using
the fluorescences of reference cDNAs in order to alleviate this problem. We believe that our proposed
method enables measuring the activity of genes in cells more accurately than the current cDNA
microarray method.

2 Analysis of Reference Flourescent and Normalization
In this section, we first describe a distribution of reference cDNA fluorescence and introduce the

issue of why we cannot use the ratio of the target and reference cDNA fluorescence.
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The average reference fluorescence of all spots on a DNA microarray is calculated using the fol-
lowing steps. We define a spot on DNA microarray as i (i = 1, 2, · · · , N), a probe fluorescence of a
spot i as Pi, and a background fluorescence of a spot i as Bi. The averaged fluorescence S of all spots
in the DNA microarray is defined by the following function.

S =

∑

i(Pi − Bi)

N
. (1)

When we calculate S, we set Pi − Bi equal to 0 if
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Figure 1: Distribution of Average Fluorescent

on Reference Cells.

log(Pi − Bi) is between −1 and 1, and if Pi − Bi <

0. This is because these values can be considered
as experimental errors, or as neither up- nor down-
regulation.

We describe the averaged fluorescence of reference
cells on 100 different target cell conditions are de-
scribed in Figure 1. In this figure, we can see that the
averaged reference fluorescence is distributed widely
between 647 and 2584. Moreover, in some condi-
tions, averaged reference fluorescence are 4136, which
is much different from the other averaged reference
fluorescence. The data in this graph show that we
should normalize the target fluorescences when using averaged reference fluorescences in order for
them to be comparable to the target fluorescences in all conditions.

The main purpose of our proposed normalization method is to presume that the target fluorescences
in the activity of reference cells are the same in all experiments. When we set Fr as a reference
fluorescences, and Ft as a target fluorescences, the normalized target fluorescences F ′

t are calculated
using the following normalization function.

F ′

t = Ft ·

(

− log

∑

Ft

Ft

)

. (2)

This normalization function is based on the concept of the quantity of information values [2]. Using
this normalization function, we can normalize the target fluorescences using reference fluorescences.
After normalizing these, we can use the target fluorescences for calculating relative expression levels.

3 Discussion
In this work, we investigated the expression levels of reference cDNAs and proved that using the
relative expression levels of each experiment was useless for measuring the activity of genes in cells.
We also proposed a method for normalizing signals of target genes by using signals of reference genes
in order to alleviate this problem. In future works, we should verify the effectiveness of our proposed
normalization method. We will also determine how to measure the effectiveness of normalization
methods.
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