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1 Introduction

We previously examined species-specific heterogeneous codon usage by principal component analysis
[1], and similarity of genes for several species in codon usage by an artificial self-organization algorithm
originally proposed by T. Kohonen [2]. The self-organizing map (SOM) implements a characteristic
nonlinear projection from the high-dimensional space of input signals onto a low-dimensional array of
neurons [2]. The projection obtained by the standard learning algorithm of SOM is highly dependent
on learning order of inputs. Consequently, fine classification is obtained for the latter inputs. In the
present study, we report a batch-learning algorithm for constructing self-organizing map and examined
codon-usage similarity of genes among bacteria.

2 Methodology

2.1 Initial neuron weights
Neurons were arranged in two dimensional lattice denoted by s(= 0, 1, ..., S−1) and t(= 0, 1, ..., T −1).
Initial neuron vectors were determined using principal component analysis. The number of neurons
in the first dimension was set to 100. The neuron number of the second dimension (T ) was set to the
nearest integer greater than Sσ2/σ1, and the neuron vectors on the stth lattice was determined by

wst = xav + 5σ1{b1
s − S/2

S
+ b2

t − T/2
T

}. (1)

Here, xav is the average vector for codon usage patterns of genes; b1 and b2 represent eigen vectors
for the first and second principal component; σ1 and σ2 represent variances for the two components.
2.2 Classification of genes into st-lattice point and updating neuron vectors
We classified the ith gene into st-lattice point satisfied with s′ − β(r) ≤ s ≤ s′ + β(r), and t′ − β(r) ≤
t ≤ t′ + β(r). Here, s′t′ is the neuron vector with the smallest Euclidean distance of xi to wst among
S × T neuron vectors, and β(r) = max{0,100/4 − r} is the coefficient for region affected by xi in the
rth cycle of learning process. After all genes were classified into lattice points, neuron vectors were
updated by
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Here xi represents codon usage pattern of the ith gene
classified into the stth lattice point, and Nst is the
total number of genes classified into this lattice point.
α(r) was determined by

α(r) = max{0.01,0.06(1 − r/100)}. (3)

2.3 Classification of genes
After learning process, genes were plotted in the lattice
points with the nearest Euclidean distance of its codon
usage pattern to neuron vector.

3 Results and Discussion

The neuron vectors were developed using codon usage
patterns for 29596 ORFs with longer than 299 nts.
The following three remarks were obtained.
1. Projection obtained by this method is not depen-
dent on learning order of inputs, and its learning ef-
fectiveness estimated by Eq. (4) for batch learning is
nearly the same as that for iterative learning.

Q =
N∑

i=1

{xi − w(i)
s′t′} (4)

Here, w(i)
s′t′ represents neuron vector closest to xi

among them. 2. Fig. 1 shows projection of genes
into neurons. Neurons including genes for only one
species are denoted by capitals. (‘A’, A. fulgidus; ‘B’,
A. aeolicus; ‘C’, B. burgdorferi; ‘D’, B. subtilis; ‘E’, C.
trachomatis; ‘F’, E. coli; ‘G’, H. pylori; ‘H’, H. influen-
zae; ‘I’, M. jannaschii; ‘J’, M. thermoautotrophicum;
‘K’, M. tuberculosis; ‘L’. M. genitalium, ‘M’; M. pneu-
moniae; ‘N’, P. horikoshii; ‘O’, Synechocystis sp.; ‘P’,
T. pallidum). Most of neurons are characterized by
only one species. This indicates that codon usage pat-
terns are intrinsic for these 16 bacteria. 3. The first
array is roughly explained by G+C% at the codon
third position. (data not shown). Upper and lower
sides correspond to low and high G+C%, respectively.
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Figure 1: Projection of genes into neurons.
Vertical and horizontal axes correspond to the
first and second dimensions in neuron array,
respectively.
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