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Abstract

Bharanidharan et al. [Biochem. Biophys. Res. Commun. 315 (2004) 1097-1103] claimed that the frequencies of most amino acids
are determined by the dinucleotide composition of the genome. Here, regarding a methodological problem in their work, it is sug-
gested that the standard deviations of amino acid frequencies should be determined to indicate how significant a certain deviation
from the predicted frequency is. Furthermore, using a different method that is expected to be more reliable, we suggest that the
dinucleotide composition cannot explain the observed frequencies of most amino acids, and the deviations of amino acid frequencies
from what dinucleotide composition predicts are larger than to be expected by chance.
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In a paper pertinent to January 2004 by Bharanidha-
ran et al. [1], it has been claimed that the frequencies of
some amino acids, including Asn, Lys, Phe, and Thr, are
determined solely by mutation and selection pressure at
the level of nucleic acid sequences. Bharanidharan et al.
[1] suggested that the frequencies of amino acids can be
predicted using the frequencies of different dinucleotides
at different codon positions. They calculated the ex-
pected frequencies of amino acids for 115 bacterial spe-
cies and, comparing with the exact frequencies of amino
acids, they found strong correlations between expected
and observed frequencies. They concluded that the fre-
quencies of a group of amino acids are determined solely
by dinucleotide composition of the coding sequence.

We want to draw attention to a methodological prob-
lem in their conclusion. Even very small deviations from
the predicted frequencies of amino acids cannot be di-
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rectly taken into any interpretation since it has to be
determined how significant these deviations are. To
determine the significance of these deviations, at least
the standard deviations of distribution of amino acid
frequencies are needed. Therefore, we tested the gen-
omes of 127 bacterial species [2], generating 10° random
genomes for each of them with respect to the dinucleo-
tide composition, and determining the distribution of
the frequencies of each amino acid in the randomly gen-
erated genomes for each species. We used the following
method to generate random genomes: in the case of each
bacterial genome, the values of p(X}Y), the conditional
probability of X at the ith codon position given Y as the
previous nucleotide, were computed. Furthermore, the
values of p (X)), the probability of X at the ith codon po-
sition, were computed. Then a random nucleotide using
the acquired probabilities of p(X;) was chosen as the
starting nucleotide and other nucleotides were added
one by one up to the number of nucleotides in the cod-
ing sequence of the bacterial genome, using the values of

p(X{Y).
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Fig. 1.

z values of deviations from predicted values for the amino acid frequencies in the 127 bacterial species used in this work, plotted against

G + C content. Significant deviations (|z — value| > 3.27, p <0.01) are shown in blue, while non-significant deviations are shown in red.

Since the distribution of the frequencies of amino
acids through randomly generated genomes showed sig-
nificantly high similarity to normal distribution, we used
z values of deviations of observed amino acid frequen-
cies from predicted ones to estimate their significance:

, ()

where popserved, « 18 the exact frequency of occurrence of
the amino acid o; ppredicted, » 1S the predicted frequency of
amino acid «, calculated as the mean of distribution
through randomly generated genomes; and o, is the
standard deviation of distribution of frequency of the
amino acid o through randomly generated genomes.
Fig. 1 shows the z values for different amino acids in
the 127 bacterial species. Interestingly, Val, which was
classified in [1] as an amino acid whose frequency is dif-
ferent from the predicted one, showed non-significant
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deviations from the predicted frequencies in the cases
of 126 out of the 127 bacterial species, owing to the large
deviation of distribution of its frequency among the ran-
domly generated genomes. On the other hand, Asn, Lys,
and Phe whose frequencies were thought to arise only
from mutation and selection pressure at the level of
the nucleic acid sequences [1] showed highly significant
deviations from the predicted frequencies in most bacte-
rial species.
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