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Abstract

The relationship between codon usage and gene function was investigated while considering a dataset of 2106 nuclear genes of
Oryza sativaThe results of standargf test and=-statistic showed that for every 59 synonymous codons, a strongly significant
association with gene functional categories existed in rice, indicating that codon usage was generally coordinated with gene
function whether it was at the level of individual amino acids or at the level of nucleotides. However, it could not be directly said
that the use of every codons differed significantly between any two functional categories. Notably, there existed large difference
both in selection for biased codons or selection intensity among functional categories. Therefore, we identified at least two
classes of genes: one group of genes, mainly belonging to the “METABOLISM” category, was tended to use G- and/or C-ending
codons while the other was more biased to choose codons ending with A and/or U. The latter group contained genes of various
functions, especially those genes classified into the “Nuclear Structure” category. These observations will be more important for
molecular genetic engineering and genome functional annotation.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction closely related organisms always shared similarities in
codon frequencySharp et al., 1988 However, it was
Non-random use of synonymous codons universally observed thatthere were big differencesin codon usage
exists both within and between organisms. The re- among genes within one species. For example, corre-
sults of numerous studies demonstrated that there wasspondence analysis identified at least two classes of
a species-specific pattern of codon usage. Especially,genes inArabidopsis thalianaccording to codon us-
age, in which one group of genes was highly biased
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the equilibrium between natural selection and composi- of different functional roles might be distinguished by
tional mutation biasBulmer, 1988; Sharp etal., 1993  the patterns of synonymous codon usagkiépello et
In contrast, diverse patterns of codon usage might ariseal., 199§. Rice is the most important crop for human
from compositional constraints of the genomes in some consumption, and about one-third of the population de-
prokaryotes with extremely high AT or GC contents pends on rice for more than 50% of caloric intake. Cur-
(Sharp et al., 1993and humanKarlin and Mrazek, rently, the draft genome sequences of rice have been
1996. It was interesting to note that with the develop- determinedYu et al., 2002; Goff et al., 2002So it is
ment of genome projects, rather complex patterns of of interest to investigate how about this relationship in
codon usage were reported both in prokaryotes and eu-Oryza sativa
karyotes Romero et al., 2000Gupta et al., 2004, Liu
et al., 2004.

Analysis of codon usage data has both theoret- 2. Materials and methods
ical and practical importance in understanding the

basics of molecular biology. IrEscherichia coli 2.1. Dataset
Saccharomyces cerevisia€aenorhabditis elegans
Drosophila melanogasterArabidopsis thalianaand Oryza sativacomplete Coding DNA Sequences

Oryza sativathere was a strongly significant corre- (CDS) were downloaded from the GenBank database
lation between gene expression level and codon us- (release 140.Mttp://www.ncbi.nlm.nih.goy A PERL
age bias lkemura, 1981; Sharp et al., 1986; Duret script developed by us was used to extract the CDS
and Mouchiroud, 1999 Highly expressed genes dis- and protein sequences. To minimize sampling errors,
played much more significant variation in codon usage only those CDS that have correct initial and termina-
than genes expressed at lower levels, suggesting thation codons and no internal stop codon were kept in the
codon usage patterns had a functional significance. Us-dataset.

ing an experimental approadannacone et al. (1997)

and Rouwendal et al. (1997emonstrated that there 2.2. Functional classification

was a positive relationship between codon usage bias

and gene expression level by transforming plants with  For the well-characterized\. thaliana genome
vectors expressing genes with modified codon usage,available from GenBank, genes have been assigned
which suggested stronger natural selection constrainsto 25 functional categories according to the role of
on highly expressed genes to optimize translation effi- the gene product plays for the living cell. In this
ciency and accuracy by the use of optimal codons than study, a total of 13,743.. thalianaprotein sequences
the lowly expressed genes diflimer, 1988§. were retrieved ftp:/ftp.ncbi.nih.gov/pub/COG/KOG/

In all life forms, it appeared that codon usage bias xindex.htm). Using BLASTP, 17097 selecte@ryza
was determined by diverse factors, such as expressionsativaprotein sequences were aligned withthaliana
levels, gene length, and protein secondary structure, If the BLASTP alignment shows at least 95% identity
etc. as indicated by many studie&dquy and Gau-  and the length difference is not over 50 bases, it is
tier, 1982; Sharp and Li, 198®loriyama and Pow-  counted as a sequence match. Accordingly, 2106 rice
ell, 1998 Xie and Ding, 1998; Duret and Mouchiroud, genes that belong to 23 functional categories were ex-
1999 Gupta et al., 2000 Recently, an importantissue  tracted for further analysigable 1.
whether synonymous codon usage and gene function is
related or not, which is significant and valuable for ge- 2.3. Measures of codon usage bias
netic engineering, has been reported, although there are
only a few of mentions of this evenChiapello et al., To normalize codon usage within datasets without
1998; Ma et al., 2002 The correlation between codon the influence of amino acid compositions, relative syn-
usage and gene function was found in four mammal onymous codon usage (RSCU) values were calculated
species, and the latter was the dominant factor in shap-by dividing the observed codon usage by that expected
ing codon usageMa et al., 2002 This observation  when all codons for the same amino acid are used
was also found irA. thaliang in which amino acids  equally Comeron and Aguade, 19p8RSCU values
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