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ABSTRACT
Microarrays have been developed for the new technology
that monitors thousands of the gene expression. Recent im-
provement of the microarray technology is remarkable, and
then the application is spread over the various regions.

However, the quality of the microarray data does not reach
the former methods. Various factors of the experiment down-
grade the quality of the gene expression data. For instance,
the bias affects the microarray data quality. The competi-
tive hybridization generates the bias due to the differences
in the dyes (Cy5 and Cy3) incorporation. The normaliza-
tion methods have been used to remove the bias, although
the current method is not enough to remove all the bias.

We focus on the issue of the normalization in this paper. The
usual normalization method adopts the bias as the mean
value of the whole gene or housekeeping gene expression in-
tensity. Recently, Yang et al.[1] and Dudoit et al.[2] found
that usual normalization could not take some biases away.
They proposed a new normalization method, where the bias
depends on the spotting pin and the intensity of the spot.
This normalization method is the generalization of the for-
mer methods and the accuracy is improved. In this paper,
we formulate the normalization method using the correc-
tion curve. We call this method “Correction curve normal-
ization”. This normalization criterion is more general form
than both the farmer and Yang’s method.

We put X1 and Y 1 are the log expression intensity of each
dye measurement, and X0 and Y 0 are the corrected log
intensity. The correction curves f(X) and g(Y ) convert the
measurements intensity to the corrected values as, X0 =
f(X1) and Y 0 = g(Y 1). To rotate the coordinate (X, Y ),
we have a new coordinate (A = (X +Y )/2, M = X−Y ). A-
axis means the mean expression intensity and M -axis means
the ratio of the sample to the control. The first-order Taylor
expansion of M0 around A1 is expressed as,

M0 = f(A1)− g(A1) +
1

2
{f ′(A1) + g′(A1)}M1 +O(M12).

This equation defines the correction curve of M1 to M0.
Note that this correction depends on A1.

Once we estimate the correction curves, the normalization
procedure is a straightforward calculation. However, the
estimation of the correction curves is difficult, since the
correction curve depends on the microarray slide, the sam-
ple and the control cDNA, and other experimental condi-

tions. When we assume most genes does not change be-
tween two gene expressions, the distribution of the true (or
corrected) expression intensity, namely distribution of M0,
should be the error distribution, the normal distribution
N(0, σ2). (This assumption is reasonable for most microar-
ray experiment that monitors a large number of genes.)

Therefore, we calculate the transformation function of the
M1 distribution to the M0 distribution, and then we nor-
malize the expression intensity by using this function instead
of the correction curves. This normalization is based on the
correction curve, so that the accuracy of the expression data
should be improved and almost the same as the accuracy of
the data calculated with the correction curve directly. With
this normalization, the bias is removed and the variance is
rescaled depending on the corresponding mean intensity A1.
In general, the transformation between two distributions is
non-linear, but we use linear transformation for simplicity.

The correction curve normalization is equivalent to Yang’s
normalization if we put f ′(A1) + g′(A1) = 2 for all A1.
Yang’s normalization removes only the bias that depends
on the mean intensity A1. That is to say, the correction
curve normalization includes both farmer and Yang’s nor-
malization method.

The calculation were performed by the statistical software
“R”[4] and the R-package “sma” (Statistics for Microarray
Analysis)[3].
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