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growing organisms with low codon biases, CAI is a less 
effective indicator of highly expressed genes.51 

An organism itself does not have to be habitually slow 
or fast-growing to illicit codon bias trends. The time of 
replication plays an important role in codon biases within 
genes and genomes.28 In Populus tremula tissues in which 
cells are currently undergoing growth and division at 
a rapid pace, association between codon bias and gene 
expression is significantly stronger than in cells of the same 
tissues growing at a slower pace.20 With so many possible 
environmental and temporal factors affecting codon bias, 
it is difficult to predict and characterize when and to what 
extent codon preferences will occur. 

2.10. Neutral alternatives

It has been argued that neutral processes, like gene 
conversion or mutational biases, could explain certain 
characteristic patterns of codon bias. For example, it is 
known that transcription is mutagenic;52 this could cause 
genes that are transcribed frequently (i.e. genes with a 
higher expression level) to have larger codon bias as a side 
effect. However, a study using the Drosophila and the C. 
elegans genomes showed that this transcription-coupled 
mutational process could not explain the observed codon 
bias in these species and that synonymous codon usage in 
these organisms is shaped by natural selection.53,54

Another neutral process, biased gene conversion, is 
sometimes invoked to explain the correlation between 
codon bias and protein sequence evolution.55 In a recent 
study of duplicated genes in the yeast genome, the authors 
showed that gene conversion plays only a minor role in 
decreasing the rate of evolution of proteins, while codon 
bias and functional constraints are the major determinants 
of evolutionary rate.56 Furthermore, they suggest that 
gene conversion alone should not be able to maintain 
sequence similarity in the long-run, while codon bias or 
other functional constraints are able to decrease sequence 
evolution in the long-term, even in the absence of gene 
conversion.56 

In summary, although in theory neutral process could 
explain some aspects of codon usage bias, the majority of 
the evidence suggests that natural selection acting on traits 
with very small phenotypic effects is responsible for the 
emergence and maintenance of codon usage biases.

3. Concluding Remarks

The availability of complete genome sequences allows 
the observation of a more complete portrait of codon 
preferences within and between genomes. The picture 

that is emerging is a complex one with codon bias being 
influenced by a gamut of factors that just now are starting 
to be unraveled. 

Different studies show that synonymous codon usage 
can be influenced by: selection for translation accuracy or 
efficiency, expression level of the gene, selective forces 
acting on the gene sequence, location inside the gene, 
composition of the genomes or genome regions, gene 
length, time and location where a gene is expressed, mRNA 
structure and stability and protein secondary structure. 
Much more work and the sequences of more genomes will 
be necessary to untangle the effects of all these factors.
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