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Codon usage biasand nuclear mRNA concentration:
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Correlation vs. causation

Wenfeng Qian (£ 3 I£)>*'® and Jianzhi Zhang®'

Much confusion in genome-wide studies results from
mistakenly interpreting correlation as causation. Zhao
et al. (1) observe a positive correlation between the
codon bias index (CBI)—the extent to which a gene
uses preferred synonymous codons—and the nuclear
messenger RNA (mRNA) concentration among Neu-
rospora crassa genes. This correlation could have orig-
inated from the processes of 1) high CBls causing high
mRNA levels, 2) high mRNA levels causing high CBls,
and/or 3) a third factor concordantly altering the CBI
and mRNA level of a gene. Considering only process
1, Zhao et al. deduce that “codon usage broadly in-
fluences mRNA levels through transcription.” Below,
we explain why processes 2 and 3 are likely, and why
Zhao et al.’s conclusion is unwarranted.

Multiple studies have inferred that preferred co-
dons are decoded more accurately than unpreferred
codons (2, 3). Because translations of mRNAs of higher
concentrations should generate more mistranslation-
induced toxic protein misfolding (3) and misinterac-
tion (4), natural selection against the use of unpre-
ferred codons is stronger in mRNAs of higher
concentrations. This differential selection results in
higher CBIs of more highly transcribed genes—an in-
stance of process 2.

Using preferred codons in an mRNA generally
expedites decoding on the ribosome (5) and boosts
the cellular translational efficiency under limited ribo-
somes (6). This benefit is greater when preferred co-
dons are in high-concentration mRNAs than when
they are in low-concentration mRNAs, because the
former occupy more ribosomes. Consequently, selec-
tion for translational efficiency should cause highly
transcribed genes to acquire high CBls in evolution—
another instance of process 2.

Translational elongation can sometimes become
the rate-limiting step of protein synthesis (7).
Hence, the cellular demand for more proteins from
a gene can select for both higher transcription and
higher translational efficiency (thereby higher CBI),
creating process 3. Additionally, preferred codons
can stabilize mRNAs in a translation-dependent
manner (8, 9). So, selection for a higher mRNA con-
centration of a gene favors both mutations in the
promoter that enhance transcription and synony-
mous mutations from unpreferred to preferred co-
dons that reduce mRNA degradation, creating a
positive correlation between nuclear mRNA level
and CBl via process 3.

Zhao et al. (1) claim to have identified 18 genes
that “mediate the codon usage effects on transcrip-
tion,” but these genes may simply globally disturb
mRNA levels upon deletion, uncoupling the rela-
tionship between the mRNA level and CBl observed
in wild-type cells regardless of the specific pro-
cesses that established the relationship in the first
place. Therefore, findings about these genes are
the consequences of the screening method and
may not inform whether and how CBI influences
transcription. Furthermore, although the same
group previously demonstrated that using pre-
ferred codons enhanced transcriptions of two re-
porter genes independently of the GC content
(10), the differential effect of deleting set-2 on the
mRNA levels of these reporters in the present study
(1) could still be due to the GC content instead of
codon usage per se. In summary, Zhao et al. (1) fail
to establish an influence of codon usage on tran-
scription at the genomic scale, let alone its general
mechanism of genetic regulation.
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