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[/Ei?%] Synonymous codon substitutions modulate

transcription and translation of a divergent upstream gene

[% EI] Synonymous codons were originally viewed as interchangeable, with no

phenotypic consequences. However, substantial evidence has now demonstrated that
synonymous substitutions can perturb a variety of gene expression mechanisms. To date,
most studies of synonymous codon-derived perturbations have focused on effects within
a single gene. Here we show that synonymous codon substitutions made far within an E.
coli plasmid-encoded gene can significantly increase expression of a divergent upstream
gene, due to antisense transcription originating from an intragenic transcription start site
(TSS). Surprisingly, this transcription readily bypasses native transcriptional repression.
Even more surprisingly, accumulation of the protein encoded by the upstream gene
correlated with the fraction of RNA originating from the intragenic TSS, rather than total
RNA. These effects of synonymous codon substitutions on intergenic transcription and
translation suggest that synonymous codons in bacteria may be under selection to both
preserve the amino acid sequence of the encoded gene and avoid internal sequence
elements with the potential to significantly perturb expression of neighboring genes.
Avoiding such sequences may be especially important in prokaryotic genomes, where
genes and regulatory elements are densely packed.
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