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1 Introduction

Microarray is the experimental technique by which we can quantize how much each gene is transcripted
simultaneously. Comparing the amount of transcripted material under several experimental conditions
enables us to investigate interaction of genes directly. In spite of the usefulness of this method,
there are many technical limitations. Among them, the interpretation of the outcomes is the most
difficult problem. For example, if we have one thousand of genes investigated under ten experimental
conditions, we have matrix whose elements are more than ten times thousand of real numbers. Usually,
it is very hard to interpret its meaning as it is.

In this poster, we have demonstrated that nonmetric multidimensional scaling (nMDS) has ability
to figure out what is hidden in massive microarray experiments. Its ability is even superior to the
confessional sinusoidal fittings, too.

nMDS is a sort of ordination methods which visualize the relationship between objects as configura-
tions in metric space (typically, Euclidian space with low dimensions). In contrast to the conventional
principal component analysis which can consider only linear transformation, nMDS can consider non-
linear transformation since it try to conserve only the rank order of dissimilarities as that of distances
in embedded space.

2 Method and Results

We have applied nMDS to several elutriation synchronization cell division cycle experiments of fission
yeast[1, 3, 2] with employing sign-reversed correlation coefficients between gene expression profiles.
Then we get circular arrangement of genes in two dimensional embeddings[4]. We have computed
polar angle from this embeddings. Thus, we could succeed in getting one dimensional alignment for
almost all genes. In Fig. 1 (a), we have shown the gene distribution associated with GO terms along
polar angle defined by the circular arrangement of genes. It is obvious that polar angle can figure out
gene functionality related to cell division cycle very well. On the other hand, cell cycle obtained by
the conventional sinusoidal fittings has problems. For example, as shown in Figs. 1(b) and (c), genes
associated with GO term “S phase of mitotic cell cycle” are not expressive at S phase. In addition
to this, genes selected by sinusoidal fittings lack G2 related GO terms which are well conserved in
nMDS results (Fig. 1). This causes lack of potentially promoter motif and enhanced GO terms in G2
phase[2]. This means, we had better to employ nMDS instaed of sinusoidal fittings for the analysis of
cell division cycle microarray experiments.
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Figure 1: (a) Smoothed Distributions of genes associated with most frequent 50 GO terms along polar
angle obtained by nMDS for Rustici et al’s Elutriation 1 experiment[3], (b) Short vertical segments
indicate the location of genes associated with GO term of “S phase of mitotic cell cycle” along cell
cycle obtained by sinusoidal fittings for Oliva et al’s Elutriation A experiment[1], and (c) the same as
(b) for Peng et al’s Elutriation 1 experiments[2]. The horizontal arrows in Figs. (b) and (c) indicated
the period estimated as S phase based upon experimental observation of cell division process.
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