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Nonrandom usage of synonymous codons has been observed in genomes of many species,
where synonymous codon usage appears an overall ‘bias’ towards a specific subset of codons.
In many cases this codon bias reflects the genome composition bias and is probably resulted
either from mutational biases, or from natural selection, or both. Early studies have reported
the trends in synonumous codon usage in higher plant genes. However, lack of the global
guantitative expression data, the association of gene expression patterns and codon usage bias
remain obscure. The application of serial analysis of gene expression (SAGE) technique has
allowed for the quantitative analysis of a large number of transcripts. As a consequence, we
were able to study the pattern of codon usage from the perspective of transcription. We use
SAGE data sets to investigate the gene expression levels of large sets of genes available for
rice, Arabidopsis and maize. Spearman’s rank correlation coefficients were calculated for the
relationship of gene expression level to the measures of synonymous codon usage bias such as
the codon adaptation index (CAl), effective number of codons (Nc), and the GC content of the
third codon position (gc3). In both rice and Arabiodpsis, we observed a significant correlation
between codon usage and gene expression levels. Besides, a negative correlation for
expression levels vs. the coding sequence length and a negative correlation between coding
sequence length and the codon usage bias are observed.

Keywords: synonymous codon usage bias, serial analysis of gene expression (SAGE), rice,
maize, Arabidopsis, bioinformatics, codon adaptation index, effective number of codons, gc3
content.
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Table 1. Statistics of the codon bias, proteins length for five rice gene expression data sets
Rice SAGE Libraries
Variables SDAP 10DAP root HL IL
Nc  45.88(10.34)% 46.29(10.24) 45.86(10.45) 44.68(10.78) 45.13(10.63)
CAl 0.72(0.11) 0.72(0.11) 0.72(0.10)  0.73(0.11) 0.73(0.11)
gc3 0.64(0.19) 0.64(0.20) 0.66(0.20) 0.67(0.20) 0.67(0.20)
protein
length 294.08(202.97) 308.24(208.92) 316(193.99) 298.16(191.23) 296.69(195.30)
2: the values in parentheses show standard deviations.

Table 2. Statistics of the codon bias, proteins length for A. thaliana and maize SAGE data sets
SAGE Libraries
GSM 30396 GSM 8646 GSM 23443
Variables (A. thaliana) (A. thaliana) (maize)
Nc 52.33(4.44)% 51.83(4.96) 52.55(6.35)
CAl 0.76(0.03) 0.77(0.03) 0.56(0.07)
gc3 0.44(0.07) 0.45(0.07) 0.80(0.10)
protein length 380.77(214.05) 352.11(211.95) 915.55(695.76)
2: the values in parentheses show standard deviations.

Table 3. Spearman rank correlation coefficients (rs) between the gene expression levels and

three different codon bias estimators cal culated for five rice gene expression data sets
codon bias Rice SAGE Libraries
estimators 5DAP 10DAP root HL IL
Nc -0.20** -0.21** -0.20** -0.28** -0.27**
CAl 0.23** 0.23** 0.25** 0.30** 0.28**
gc3 0.19** 0.20** 0.19** 0.28** 0.27**

**: gignificant at the 1% level



Table 4. Spearman rank correlation coefficients (rs) between the protein length and three
different codon bias estimators for five rice gene expression data sets

codon bias Rice SAGE Libraries

estimators 5DAP 10DAP root HL IL
Nc 0.29** 0.31** 0.21** 0.29** 0.27**
CAl -0.17** -0.22%* -0.14** -0.14** -0.14**
gc3 -0.19** -0.24** -0.15** -0.15%* -0.16**

**: gignificant at the 1% level

Table 5. Spearman rank correlation coefficients (rs) between the gene expression levels and
three different codon bias estimators calculated for A. thaliana and maize SAGE data sets

SAGE Libraries
codon bias GSM 30396 GSM 8646 GSM23443
estimators (A. thaliana) (A. thaliana) (maize)
Nc -0.15** -0.23** -0.05
CAl 0.11** 0.25** -0.019
gc3 0.26** 0.28** 0.05

**: gignificant at the 1% level

Table 6. Spearman rank correlation coefficients (rs) between the protein length and three
different codon bias estimators for A. thaliana and maize SAGE data sets

SAGE Libraries
codon bias GSM 30396 GSM 8646 GSM23443
estimators (A. thaliana) (A. thaliana) (maize)
Nc 0.11** 0.16** 0.13**
CAl -0.07** -0.10** -0.26**
gc3 -0.27** -0.33** -0.31**

**: gignificant at the 1% level
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