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Gene assembly consisting of small units with similar amino acid
composition in the Saccharomyces cerevisiae genome
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Abstract Amino acid compositions of all genes in Saccha-
romyces cerevisiae were determined using a computer
analysis of the complete genome. The amino acid composi-
tion of an assembly of several genes or a single gene con-
sisted of 3000–7000 amino acid residues forming a certain
pattern of amino acid composition. This rule was indepen-
dent not only of the gene size, but also of the gene position.
Thus, the small units, consisting of 3000–7000 amino acid
residues, showed a similar amino acid composition, and
they formed all the genes in the complete genome.
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The basic pattern of cellular amino acid composition is
quite similar from bacteria to mammalian cells (Sorimachi
1999; Sorimachi et al. 2000, 2001). In addition, the amino
acid composition determined from the complete genome of
Archaea resembles that obtained from the amino acid
analysis of cells, assuming that all genes are equally ex-
pressed in cells (Sorimachi et al. 2001). However, this
coincidence has puzzled us for a long time, because the
expression of each gene differs in a cell. Therefore, the
present study was initiated to solve this puzzle.

Recently, the complete genome of Saccharomyces
cerevisiae was analyzed by several groups (Oliver et al.
1992; Dojon et al. 1994, 1997; Feldman et al. 1994; Johnston
et al. 1994, 1997; Bussey et al. 1995, 1997; Murakami et al.
1995; Galibert et al. 1996; Goffeau et al. 1996; Bowman et
al. 1997; Churcher et al. 1997; Dietrich et al. 1997; Jacq et al.
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1997; Philippsen et al. 1997; Tettelin et al. 1997). We used
their data from GenomeNet (http://www.genome.ad.jp) and
analyzed them with a personal computer.

The amino acid composition of a single gene consisting
of 100–500 amino acid residues differs among various genes
(Fig. 1A). Naturally, their amino acid sequences differ from
each other. On the other hand, even a single gene consisting
of more than 3000 amino acid residues showed a very simi-

Fig. 1. Radar graphs of amino acid compositions presumed from vari-
ous genes of Saccharomyces cerevisiae. The value is expressed as the
percentage of total amino acids. A The first 5 genes in chromosome I;
B the largest gene in each chromosome (I, IV, VII, X, XII, and XVI).
The number on the upper right of each graph represents the total
number of amino acid residues examined
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acid residues (48 000–265000), the amino acid composition
of each chromosome evidently coincided with each other
and with that based on the complete genome (Fig. 3). In
addition, consistent results were obtained from the com-
plete bacterial genome and mammalian cDNA assembly
(data not shown). Thus, the complete genome consists of
apparent small units without a certain restricted boundary
and with similar amino acid compositions. This observation
strongly suggests that synchronous changes occurred in all
genes during biological evolution.
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Fig. 2. Radar graphs of the amino acid compositions presumed from
the assemblies of 10, 20, and 30 genes of Saccharomyces cerevisiae.
Chromosomes I, V, X, and XV were used. The first genes were used in
chromosomes I and X, and the last genes were used in chromosomes V
and XV. The number on the right upper part of the graph represents
the total amino acid residues examined.

lar amino acid composition. In a certain case, this similarity
was observed in even smaller genes coding several hundred
amino acid residues (data not shown).

The amino acid composition of the assembly of several
proteins resembled that obtained from the amino acid
analysis of cells (Sorimachi 1999), which means that the
amino acid composition of an assembly of several proteins
may represent the cellular amino acid composition. Thus,
the amino acid composition based on 10–30 genes was ex-
amined (Fig. 2). The amino acid composition more closely
resembled that based on the complete genome with the
increase in the gene number or amino acid residues in each
chromosome. This result suggests that genes composed of
apparently small units with similar amino acid composition
form the complete genome, although this unit does not have
a definite restricted boundary.

The amino acid compositions of 16 chromosomes were
presumed from the complete genome. As each chromo-
some contains many genes coding a large number of amino

Fig. 3. Radar graphs of the amino acid compositions of Saccharomyces
cerevisiae chromosomes. The number on the left upper part of the
graph represents the number of chromosomes, and those on the right
upper part of the graph represent the total amino acid residues (upper)
and the total genes (lower)
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