








Figure 5: Performance comparison between MSqRob and MSqRob-
Sum. We compare the performance of MSqRob and MSqRobSum on all
proteins (respectively red and green) and all proteins except human protein
Q5C9Z4 (respectively blue and purple). The data consists of E. Coli proteins
spiked at different concentrations (a, b, c and d) in a human proteome. The
estimated 1% (circle) and 5% (triangle) FDR is controlled if it remains below
the 1% and the 5% FDP, respectively (vertical grey lines). Performance in
MSqRobSum is close to MSqRob in all comparisons. MSqRobSum outper-
forms MSqRob in the b-a comparison. The performance of MSqRobSum is
reduced compared to MSqRob at decreasing fold changes between treatments
(eg. c-b and d-c). FDR is controlled in all comparisons except c-a and d-a
due to ion competition. The sudden spike in the False discovery proportion
in the d-c comparison can be explained by a low p-value for the human pro-
tein Q5C9Z4. Treatment c has relatively low protein summaries for Q5C9Z4
and removing this protein from the data results in an increased performance
of MSqRobSum for all comparisons involving treatment c.
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Figure 6: Overspiking can inflate the false discovery proportion.
Panel A shows the false discovery proportion of a DE analysis controlled at
1% or 5% FDR for each comparison with different spike-in concentrations.
At high E. coli spike-in concentration there is suppression of the MS1 inten-
sities of the human proteins compared to low spike-in concentration due to
ion competition. Panel A shows that the larger the difference in total pro-
tein concentration between samples, the larger the difference in estimated
protein intensity of the non-DE human proteins, and the more likely these
proteins appear down regulated. Panel B shows that the estimated FDR
(grey line) is an underestimation of the true FDP (labelled boxes). Neither
MSqRob nor MSqRobSum correctly controls the FDR for comparisons with
high differences in spike-in concentration.
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Figure 7: The effect of normalization on batch effects. Panel A shows
MDS plots of the log2 sample intensities without normalization, and with
VSN. Without normalization we see a clear separation of the samples in two
groups along the first leading dimension. The spike-in condition effect (in-
dicated by the 5 colours) only shows in the second dimension. After VSN,
the unknown batch effect is still present but only in the second dimension;
the condition effect now dominates the first dimension. Panel B shows the
performance of MSqRobSum with and without normalization, and with and
without inclusion of the batch effect into the model. Samples are assigned to
two batches based on the MDS plot. Including the batch effect improves per-
formance of the DE analysis considerably. The performance of the MSqRob-
Sum analysis with VSN is similar to, or better than, the MSqRobSum model
with the batch effect. Including a batch effect in the model after normaliza-
tion does not improve performance further. The circle and triangle are at
1% and 5% FDR, respectively, as estimated by the method.
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Figure 8: DEP’s mixed imputation does not improve MSqRobSum
performance. The circle and triangle are at 1% and 5% FDR, respectively,
as estimated by the method. Imputing the missing values in the protein
summaries after robust summarization with DEP’s mixed imputation strat-
egy does not improve the performance of MSqRobSum compared to the no
imputation approach. Imputing missing values in the measured peptide in-
tensities before robust regression actually degrades the performance of the
DE analysis, and also often leads to loss of FDR control.
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Figure 9: Speed comparison between MSqRob and MSqRobSum.
All analyses were performed on the E.Coli spike-in benchmark data set.
The same preprocessing is applied in all analyses and this preprocessing is
excluded from the time measurements. Every analysis is run twenty times
on a DELL Latitude laptop with eight i7-7820HQ CPU cores at 2.9 GHz and
31.3 GiB of RAM memory. The parallelized versions were allowed to use all
eight available cores.
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