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1

Introduction

Microarray expression data contains possible errors that could be classiﬁed into two types, one representing systematic errors and the other representing random errors. Systematic errors may occur due
to diﬀerent factors such as shapes of spots, purity of probes, sequences of reverse transcription (RT)
primers, higher order structures of target nucleotides and probe-target cross-hybridization [1, 2]. In
this study, we propose a linear model of systematic errors caused by probe-target cross-hybridization.
We estimate the inﬂuences of such systematic errors so as to reconstruct more realistic gene regulatory
networks and co-expression gene groups by the proﬁles [3].

2
2.1

Method and Results
Data preparation

We used gene expression proﬁles that were measured by the microarray, CyanoChip [6] by TaKaRa
(Kyoto, Japan) that contains almost all ORFs, 3079 ORFs excluding transposases, in the Synechocystis
sp. PCC6803 genome [4]. The probe DNA sequences were prepared up to the length of 1,000 nt and
spotted on the microarray. Gene expression proﬁles analyzed here were provided by the Synechocystis
DNA chip consortium.

2.2

Statistical tests

To measure sequence similarities and coverage of the probes and targets, we used blast [5] and
searched against the genome sequence. As the gene expression similarity metric, we used the Pearson
correlation coeﬃcient. In addition, the expression similarities were classiﬁed into twenty-one ranks by
the correlation coeﬃcient −1.0 to 1.0 with the interval 0.1. All pair-wise gene expression similarities,
4,474,536 pairs, were computed. Their distribution seems to be a bell shape and shifted to a positive
correlation. To estimate the inﬂuences of cross-hybridizations cased by similar sequences, we divided
the probes into two groups, those having similar sequences and those that are unique. We tested these
two groups by χ2 test for independency between the error factor and the expression similarities.
The result shows that the χ2 statistics dropped to the signiﬁcance level of 5% when the parameter
corresponds the match length of 33 nt and the blast E − value = 0.01 for the probe-target pairs.
This suggests that the systematic errors would occur in DNA microarray experiments under usual
conditions.
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2.3
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Linear model

The statistical tests show that certain sequence similarities in probes and targets lead to signiﬁcant
inﬂuences on observed gene expression similarities. Generally, the probe-target cross-hybridization
consists of multiple relations, where j th gene hybridizes with ith probe. The problem can be formulated
as follows. A simultaneous equation model describes the cross-hybridization,
T
EiO = ki,1 E1T + . . . + ki,j EjT + . . . + ki,N EN

where EiO represents an observed expression level of gene at ith probe, ki,j represents a cross-hybridization
coeﬃcient between j th gene product and ith probe and EiT represents the true expression level of ith
O ),
gene product. Considering all N probes and targets, observed expression level E O = t(E1O , . . . , EN
T
t
T
T
cross-hybridization coeﬃcient matrix K and the true expression level E = (E1 , . . . , EN ), the relation of probe-target cross-hybridization can be expressed as: E O = KE T Let K be a directed graph,
then a cluster of cross-hybridized genes may be considered as a complete subgraph. Unfortunately E T
is not detectable directly; however, if we can identify K −1 that is the inverse matrix of K, E T would
be computable by the equation, E T = K −1 E O . To identify cross-hybridization coeﬃcient matrix K,
it would be necessary to perform well designed experiments.
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