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System-wide analyses have underestimated protein abundances and the
importance of transcription in animals.

Over the last ten years, a number of studies have suggested that, in animal cells, translation and protein
turnover play a larger role in determining the different levels at which proteins are expressed than
transcription. The major evidence supporting these claims is a weak correlation between system-wide
protein and mRNA abundance measurements. A highly cited Nature article by Schwanhausser et al. in
2011 provides the most comprehensive example of such analyses. A new study just published in Peer)
by Li et al., however, questions the conclusions of these papers. This new study suggests that the major
reason why protein and mRNA abundance measurements are poorly correlated is because of various
types of measurement error in the protein and mRNA abundance, rather than transcription having
minimal impact on protein expression levels.

Li et al. first show that Schwanhausser et al.’s protein abundances have a non linear error that leads to a
dramatic underestimation of low abundance proteins, a result that has been independently supported
by a separate benchmarking study by Ahrne et al. Li et al. rescale Schwanhausser et al.’s protein
abundance estimates using data for housekeeping proteins and show that the rescaled data show a
higher correlation with mRNA abundances than the uncorrected protein data. In addition, they estimate
the impact of other sources of error on the mRNA and protein abundance measurements using direct
experimental data, and they find that, when error is explicitly measured and modeled, an even greater
correlation between mRNA and protein is expected. Li et al. use a second, independent strategy to
determine the contribution of mRNA levels to protein expression: they show that the variance in
translation rates directly measured by ribosome profiling is dramatically lower than that inferred by
Schwanhausser et al., and that the measured and inferred translation rates correlate poorly.
Incorporating protein and mRNA turnover data in this analysis, the results from Li et al. suggest that
MRNA levels explain ~81% of the variance in protein levels, transcription 71%, RNA degradation 10%;
translation 11%; and protein degradation 8%. This conclusion differs dramatically from the previous
estimates of differences in mRNA levels explaining 10-40% of the differences in protein levels in the
current literature.

Li et al.’s analysis provides an accurate framework for quantifying gene expression and protein
abundance levels by explicitly considering sources of error. This work highlights the importance of
appropriate statistical analyses of the large quantitative data sets that are increasingly being produced

by experimentalists and are being used to study fundamental cellular mechanisms.
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Large scale surveys in mammalian tissue culture cells suggest that the protein expressed at the median
abundance is present at 8,000 - 16,000 molecules per cell and that differences in mRNA expression
between genes explain only 10-40% of the differences in protein levels. We find, however, that these
surveys have significantly underestimated protein abundances and the relative importance of
transcription. Using individual measurements for 61 housekeeping proteins to rescale whole proteome
data from Schwanhausser et al., we find that the median protein detected is expressed at 170,000
molecules per cell and that our corrected protein abundance estimates show a higher correlation with
mRNA abundances than do the uncorrected protein data. In addition, we estimated the impact of
further errors in mRNA and protein abundances using direct experimental measurements of these
errors. The resulting analysis suggests that mRNA levels explain at least 56% of the differences in protein
abundance for the 4,212 genes detected by Schwanhausser et al., though because one major source of
error could not be estimated the true percent contribution should be higher. We also employed a
second, independent strategy to determine the contribution of mMRNA levels to protein expression. We
show that the variance in translation rates directly measured by ribosome profiling is only 12% of that
inferred by Schwanhausser et al. and that the measured and inferred translation rates correlate poorly
(R2=0.13). Based on this, our second strategy suggests that mRNA levels explain ~81% of the variance in
protein levels. We also determine the percent contributions of transcription, RNA degradation,
translation and protein degradation to the variance in protein abundances using both of our strategies.
While the magnitudes of the two estimates vary, they both suggest that transcription plays a more
important role than the earlier studies implied and translation a much smaller role. Finally, the above
estimates only apply to those genes whose mRNA and protein expression was detected. Based on a
detailed analysis by Hebenstreit et al., we estimate that approximately 40% of genes in a given cell
within a population express no mRNA. Since there can be no translation in the absence of mRNA, we
argue that differences in translation rates can play no role in determining the expression levels for the
~40% of genes that are non-expressed.



