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1 Introduction

Various studies of whole-genome duplication (WGD) have been done on eukaryotic genomes, and WGD as
well as gene duplication is being thought to be one of the important processes in genome evolution for some
eukaryotic lineages such as yeast, fishes, and vertebrates [4]. As for prokaryotic species, however, only a few
studies onEscherichia coli[2, 5] andAnabaena[3] have been reported. Furthermore, the former two studies
had been performed before the genome was completely sequenced.

In this study, we seek the evidences of WGD on completely sequenced prokaryotic genomes based on
methods of bioinformatics and statistical analysis.

2 Materials and Method

Genome sequences were obtained from GenBank[6] and tandem repeats (TRs) were detected by tandem repeats
finder (TRF)[1]. All-against-all pairwise alignment was performed on the detected TRs using SSEARCH[7]
with the default parameter settings and a thresholdE-value= 10−3. A pair of TRs which have the overlap of
more than 50% to the longer sequence was defined as an equivalent TR-pair.

The central angles on the circular genomes of all the equivalent TR-pairs were calculated and their dis-
tributions were measured at a certain class interval. The discrepancy between the observed distribution,P =
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Figure 1: Central angle distribution of
equivalent TR-pairs with back ground
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Figure 2: Log-odds ratio between the obser-
vation and the back ground



(p1, p2, · · · , pk), and that of the back ground,Q = (q1,q2, · · · , qk), was evaluated by the Kullback-Leibler (KL)
divergence defined by

D (P ||Q ) =

k∑

i=1

pi log
pi

qi
, (1)

where the back ground distribution was determined by the averaged angle distribution of randomly arranged
10,000 sets of TR-pairs preserving the number of TRs, the equivalence relations between TRs, and the loci of
the TRs on the genomes.

The statistical significance of the discrepancy of the observed distribution from the back ground one is
certified by ap-value estimated to be∼ n/104, wheren is the number of the random sets which have the
divergence greater than the observed one.

3 Results and Discussion
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Figure 3: Distribution of KL divergence of
random sets

Figure 1 shows the distribution of the central angle of the equiv-
alent TR-pairs detected onE. coli K12 genome. If the TRs were
distributed completely at random on the genome, a flat distribu-
tion would be observed. Although the observed distribution is
far from flat, it does not necessarily indicate something notewor-
thy, because the loci of TRs are not uniform on the genome for
some reasons independent of WGD. Consequently, we took the
log-odds ratio defined by log(pi/qi) into consideration. Figure 2
depicts the angle distribution of the log-odds ratio. We can rec-
ognize apparent discrepancy between the observed and the back
ground distributions as well as some periodicity, which suggests
the existing of WGD on the genome.

Figure 3 shows the distribution of KL divergence of the ran-
dom sets with the same back ground distribution as before. The
observed divergence is 0.0802 and thep-value is estimated to be
0.0338, which shows that the departure from the null hypothesis is assessed at the 5% significance level. One
of the reasonable explanation of the deviation is WGD.
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