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Effects of synonymous codon usage bias on mRNA half-life
and translational regulation
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Abstract: With the widespread application of genomics and transcriptomics in the genetics and cell
biology of different species, synonymous codon usage bias has been gradually accepted and used to
study the deep connection between biological evolution and biological phenotypes. It is an important
part of the life activities that mRNA 1is expressed into proteins with normal biological activities. The
synonymous codon usage patterns, which were named as ‘the second genetic codon’, can express
genetic information carried by themselves at the levels of transcriptional regulations, translational
regulations and metabolic activities through molecular mechanisms such as fine-tune translation
selection. Some studies have shown that the length of mRNA half-life has significant impacts on
mRNA activity and the process of transcription and translation. This review summarized the roles of
synonymous codon usage patterns in transcription, translational regulation and post-translational
modification, with the aim to better understand how organisms skillfully utilize the genetic effects
caused by codon usage patterns to accurately synthesize different types of proteins, so as to ensure the
growth or differentiation of the specific gene expression procedures to carry out smoothly and

maintain the normal life cycle.

Keywords: synonymous codon usage patterns; mRNA; fine-tune translation selection; transcription;
translation
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Figure 1

The synonymous codon usage patterns can regulate the scanning rate of ribosomes via tRNA

recognition mechanism. (A) When the specific tRNA abundance is high, the position A in ribosome rapidly
accepts the corresponding tRNA via Watson-Crick base-pairing, leading to ribosome with high scanning
speed. (B) When the specific tRNA abundance is low, the position A in ribosome probably recognizes the
correct tRNA slowly via Watson-Crick base-pairing, leading to ribosome with low scanning speed. (C) When
the position A needs to recognize the corresponding tRNA via non-canonical Watson-Crick base-pairing (e. g.
G-U wobble or I-A wobble), the ribosome turns down its scanning speed.
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Figure 2 Relevant mechanisms involving the unequal usage of synonymous codons and their effect on
folding protein structure. (A) ‘Non-preferred codons’, which are selected in high frequencies at the
translation initiation region of the mRNA, are able to get down scanning speeds of ribosomes and lead to
decreasing ribosome density at the downstream. (B) ‘Non-preferred codons’, which cluster at the protein
functional domain of mRNA, are able to mediate correct folding structure of the functional domain. (C) Lack
of ‘non-preferred codons’ in mRNA can result in high density of ribosomes with high scanning speed along
the whole mRNA and finally contribute to protein with incorrect folding structure.
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