Dear Dr. Farley and the Editorial Board of Scientific Reports,
We read with great interest two recent papers published in S
 cientific Reports by Mesnage and
colleagues (Mesnage, 2016, Mesnage 2017). Both papers utilize quantitative proteomics to
identify changes in protein expression in response to 1) genetic modification of maize and 2)
ingestion of glyphosate in rats, respectively. Over the past several years, mass
spectrometry-based proteomics has developed into an incredibly powerful tool for the
examination of complex systems such as those interrogated in these two studies. We
compliment the authors on their use of tandem-mass tags (TMT) for quantitative analysis.
However, this method is technically challenging and requires an adherence to standards
developed over the past several years by the computational proteomics community in order to
ensure accurate identification and quantitation of proteins, and, importantly, avoid erroneous
results of data analysis. In our analysis of these papers, we found that the methods used to
calculate relative quantification of proteins were fundamentally flawed and do not conform to the
standards of the field, thereby undermining the interpretation and conclusions of both studies.
Proteins are improperly quantified
These papers are not technically sound. The conclusions may be accurate when the data is
properly analyzed, but in its current state, they cannot be supported by the calculations used.
Protein expression changes are used to argue that 1) glyphosate causes fatty liver disease in
rats and 2) that transgenic maize is substantially different that unmodified maize. Even with the
lack of methodological details in these papers (described below), it is clear that the authors do
not quantify proteins.
For standard protein abundance calculation based on TMT labelling, averaging across all
peptides of a protein between two or more experimental conditions gives abundance ratios of
proteins. Individual peptides may show outlier behavior, and are often not an accurate indicator
of the behavior of full proteins, which are composed of multiple peptides. In their seminal review
of TMT quantification, Rauniyar and Yates clearly state that, “Peptide abundance ratios are
calculated by combining data from multiple fractions across MS runs and then averaging across
peptides to give an abundance ratio for each parent protein.” In TMT quantification, single
peptides are highly variable, with robust quantification derived from the accumulated evidence
from multiple peptides and conclusions about protein levels from single peptides are often
discarded as unreliable (Rauniyar, 2014). More observations per protein lead to smaller
standard error (Mahoney, 2011). Here, however, the authors rely on quantitation of individual
mass spectra as a proxy for protein abundance measurements. If any individual peptide from a
protein was found differently across samples, even just a single observation, the entire protein
was counted as differentially expressed.
The following points describe quantification errors in more detail:
1. Though the publications clearly claim to calculate and interpret differences in protein
expression, these papers instead calculate fold changes for individual peptides. Even
peptides with the same sequence and different post-translational modifications are kept
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separate from each other for quantification. We can provide a clear demonstration of this
fact. As a standard of the field, protein quantification should be based on the combination of
data from multiple peptides mapping to each protein (Rauniyar, 2014).
The representation of individual peptides as proxy for full proteins is clearly demonstrated
by Supplementary Dataset 3 of Mesnage 2016, where each of the listed perturbed proteins
is misannotated with a column ‘Mass (Da)’ that actually represents the unitless
mass/charge ratio (m/z) of individual peptides, and not mass (Da) of a peptide or protein.
If any one single peptide from a protein was found differently across samples, even just a
single observation, the entire protein was counted as differentially expressed.
In certain cases, different peptides from the same protein measure increased and
decreased levels, resulting in the same protein listed multiple times, paradoxically both
increased and decreased across conditions.
Common ambiguous and isobaric peptide assignments are not corrected. In certain cases,
multiple entries are included in the results table based on the observation of a single shared
or isobaric peptide (isoleucine/leucine ambiguity, deamidation, etc.). In other cases,
non-unique peptides that match multiple proteins in the maize or rat proteome are listed
with a single protein ID. While protein groups are commonly assigned, how the major
protein was selected from multiple possible is unclear. As stated by Rauniyar and Yates,
2014, “Significant quantification errors arise if a quantified peptide is not unique to its
corresponding protein”.

As the conclusions of both these papers depend on flawed quantification of proteins, the results
presented in both papers are likely incorrect.
Insufficient methodological details
Mass spectrometry papers require detailed methods so that others can reproduce and
understand analyses. While we were able to deduce some of the methods used, we have been
unable to fully replicate the calculations due to insufficient description of data analysis. These
papers provide only very superficial methods that do not adhere to the standards of the field,
and leave many outstanding questions:
1. In Mesnage 2016, the database of protein sequences used to identify peptides is
described as the maize proteome, however, supplementary tables inexplicably identify
fungal maize pathogens. There is no mention of a common contaminant database, or
why non-maize proteins were included in the proteomic database.
2. There are several known sources of quantification error for TMT labelling quantification,
including 1) efficiency of labeling, 2) isotopic contamination of isobaric mass tags, and 3)
convolution of multiple co-isolated TMT signals within the isolation window (Sandberg
2014). These are well known issues with TMT-based quantitation. Approaches to correct
for these errors are well established in the proteomics community, but were not
addressed by the authors.
3. Important details regarding MS instrument parameters are missing. We are particularly
interested in these settings due to the apparent low number of high confidence PSMs
identified in these two paper. Counts of PSMs are an order of magnitude lower than
would be expected for these experiments. In Mesnage 2016, there are only 3,000 PSMs
for each maize replicate, while Mesnage 2017 has 6,000 for each rat replicate. A
comparable study identified 35,000 and 45,000 PSMs corresponding to 3300 and 3900
proteins, respectively (Plubel, 2017).

4. The methods for the database search list an MS2 fragment mass tolerance of 0.8 ppm.
For standard TMT analysis, the MS2 mass tolerance is normally set to 0.8 Daltons.
While this parameter is dependent on the resolution of the MS2 spectra, 0.8 ppm is
unusually strict at any resolution. If the tolerance described is accurate, it would explain
the very low number of peptide-spectral matches (PSMs) identified at high confidence.
5. There is no description of error modeling to determine the false discovery rate of PSMs
nor the criteria for high confidence PSMs.
6. Details regarding the calculation of peptide/protein abundances are completely missing.
While Mesnage 2017 mentions an uncited SumScale normalization, Mesnage, 2016
does not discuss how quantitative TMT data was normalized or fold change ratios
calculated.
No access to raw data
The Scientific Reports instructions to authors states that: “A
 n inherent principle of publication is
that others should be able to replicate and build upon the authors' published claims. Therefore,
a condition of publication in Scientific Reports is that authors are required to make materials,
data and associated protocols promptly available to readers...” , and policy for all Nature journals
mandates public deposition of raw data in a repository affiliated with the PRIDE (Perez-Riverol,
2015) proteomics data consortium. When asked for raw data for Mesnage, 2016, the authors
were only able to provide a highly processed dataset. It is standard in the field of mass
spectrometry proteomics for spectral files (i.e. .RAW, .mzXML, .mzML etc.), protein sequence
database, and unprocessed search results to be deposited in an online repository. Access to
this data is required to fully evaluate evidence for protein abundance. If the authors cannot
provide access to the raw spectral data, it is our strong opinion that the two papers must be
withdrawn.
Unprocessed data and methodological details are absolutely required to characterize the
analytical step taken in these two papers. Lack of raw data notwithstanding, processed files
show incorrect interpretation of mass spectrometry data, resulting in unsupported claims. We
urge the editors of Scientific Reports to take appropriate action. At minimum, we request that
the editors enforce their data availability mandate so that we can undertake a full reanalysis of
Mesnage, 2016 and Mesnage, 2017. In summary, we would like the editor to require the authors
to remedy the problems we have identified:
  1) Errors in relative protein quantification across conditions
  2) Inadequate/missing description of methods, preventing replication of data analysis
  2) No access to raw data
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