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Randomness measured by amino acid fre-
quencies. Nucleotides in DNA or RNA sequences
seem to be aligned randomly. However, since nu-
cleotide sequences are encoding fundamental infor-
mation for living organisms, they must not be com-
pletely random. We use two kinds of amino acid
frequencies to measure this randomness. For a cod-
ing region, the real frequency of an amino acid is
the frequency in the protein after translation. The
theoretical frequency [1] of an amino acid is the fre-
quency expected from the fraction of nucleotides in
the coding region (using the universal codon table).
This frequency corresponds to the frequency of the
amino acid in the “protein” translated from a ran-
dom realignment of the nucleotide sequence. If the
nucleotide sequence was aligned randomly, the real
and theoretical frequencies should correspond.

Coding regions. King & Jukes [1] analyzed
these amino acid frequencies for several coding re-
gions. They concluded that coding regions are
nearly random, but that some amino acids behave
peculiarly. We computed the two amino acid fre-
quencies using the large genome data available now
[2] [3], and observed the tendencies described in [1]
(Fig. a).

Noncoding regions. We also computed the
two amino acid frequencies for noncoding regions
(Fig. b). Here the two frequencies happened to co-
incide.

Application to gene finding. Since real and
theoretical amino acid frequencies tend to show dis-
crepancies in the coding regions, and coincide in the
noncoding regions, we think this discrepancy can be
used for gene finding (finding coding regions on a
genome).

Experiments and results. Chromosome I
of Saccharomyces cervisiae was divided into subse-
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quences of length 1200 bp. For each amino acid, we
computed in each subsequence,

z: the proportion covered by coding regions,

y: the absolute value of the difference between
the real and theoretical frequencies.

The two figures for the substrings showed corre-
lation of —0.24~0.35. Taking as y the maximum
value over the 6 possible frames (3 offsets x 2 com-
plementary or not) of the sum of absolute values for
* (stop codon) and D (Aspartic acid), the correla-
tion became 0.75 (Fig. c). The results were similar
for other chromosomes of Saccharomyces cervisiae.

Conclusion.  Windows on a chromosome
with large discrepancy between real and theoretical
amino acid frequencies tend to overlap more with
coding regions. For chromosomes of Saccharomyces
cervisiae divided into windows of length 1200 bp,
the correlation between the discrepancy and the cov-
erage by coding regions became 0.75. This indicator
might be useful for gene finding.
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(a) z: real and y: theo-
retical frequency for each
amino acid (x is the
stop codon). The mean
for 270 coding regions of
Saccharomyces cervisiae.
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(b) : real and y: theo-
retical frequency for each
amino acid (* is the stop
The mean for 6

(¢) z: proportion covered by coding re-
gions and y: sum of absolute values of
the difference between real and theo-
retical amino acid frequencies for * and
D. Windows of length 1200 bp of chro-
mosome I of Saccharomyces cervisiae.



