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Abstract

Motivation: Cell-cycle regulated gene prediction using
microarray time-course measurements of the mRNA expres-
sion levels of genes has been used by several researchers.
The popularly employed approach is Fourier transform
(FT) method in conjunction with the set of known cell-cycle
regulated genes. In the absence of training data, fourier
transform method is sensitive to noise, additive monotonic
component arising from cell population growth and devia-
tion from strict sinusoidal form of expression. Known cell
cycle regulated genes may not be available for certain or-
ganisms or using them for training may bias the prediction.

Results: In this paper we propose an Improved Fourier
Transform (IFT) method which takes care of several fac-
tors such as monotonic additive component of the cell-cycle
expression, irregular or partial-cycle sampling of gene ex-
pression. The proposed algorithm does not need any known
cell-cycle regulated genes for prediction. Apart from alle-
viating need for training set, it also removes bias towards
genes similar to the training set. We have evaluated the de-
veloped method on two publicly available datasets: yeast
cell-cycle data and HeLa cell-cycle data. The proposed al-
gorithm has performed competitively on both datasets with
that of the supervised fourier transform method used. It
outperformed other unsupervised methods such as Par-
tial Least Squares (PLS) and Single Pulse Modeling
(SPM). This method is easy to comprehend and imple-
ment, and runs faster.

Software: http://giscompute.gis.nus.edu.sg/cdcAnal
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1. Introduction

Microarray time course measurement of genome-wide
mRNA expression levels allows genome-wide prediction of
cell division cycle (CDC) regulated genes. In each cell di-
vision cycle, cells pass through four phases (M-G2-S-G1-
M) in the fixed order. Each CDC regulated gene expresses
in one of these phases which give rise to the expectation
that the CDC regulated genes would exhibit periodic ex-
pression if they were studied for more than one cell divi-
sion cycle. This is the basis for finding genes with oscillat-
ing expression in synchronized cell culture to find the CDC
regulated genes. Fourier transform method in conjunction
with known cell-cycle regulated genes has been employed
for prediction of yeast cell-cycle regulated genes (Spell-
man et al. 1998 [19]) and HeLa cell-cycle regulated genes
(Whitefield et al. 2002 [22]). Knowledge of cell-cycle reg-
ulated genes may not be available for several organisms or
using the limited known cell cycle regulated genes may in-
troduce phase and profile pattern bias in predicting the other
CDC regulated genes. Several methods, such as partial least
squares (Johansonn et al. 2003 [10]), single pulse model-
ing (Zhao et al. 2001, [25]), k-means clustering (Tavazoie
et al. 1999, [21]), QT-clustering (Heyer et al. 1999, [7]),
singular value decomposition (Alter et al. 2000 [1], Holter
et al. 2000 [9]), correspondence analysis (Fellenberg et al.
2001 [5]), wavelet analysis (Klevecz, 2000 [11]) also have
been applied which do not use training set. But, apart from
being computationally intensive and difficult to implement,
they either reveal a few CDC regulated genes or yield higher
false discovery rate.

Fourier transform (FT) method is sensitive to noise
and monotonic components in the gene expression pattern
which makes it unsuitable for unsupervised cell-cycle reg-
ulated gene prediction [16]. Irregular sampling of gene ex-
pression and sampling for non integral number of half
cycles introduce phase dependent bias in fourier trans-
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