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Introduction

Nowadays, proteomic techniques allow obtaining a large set of raw data that must be processed in order
to obtain results with biological significance and clinical applicability. This technique has been particularly
relevant in clinical research for the identification of biomolecules that can function as biomarkers (dia-
gnosis, prognosis and risk prediction) of certain pathologies (1). Thus, over the years a set of statistical
techniques has been applied to the proteomics analysis in order to identify differentially expressed proteins
(DEPs) that can contribute to the understanding of biological processes and pathological mechanisms.
Statistically speaking, one of the first problems that proteomics studies face is the small number of samples
available relatively to the number of measured variables, largely reducing analysis’ power (2). Despite the
use of tools that allow the calculation of sample size (e.g. power calculation), the limitations derived from
costs, ethical issues or even the reduced epidemiological penetrance of certain diseases, do not allow the
inclusion of the necessary number which will question the validity of statistical inference tests (2). A set of
methods has been described to effectively determine proteins differentially expressed from these data,
based largely on parametric models. The use of parametric models implies the assumption of a normal dis-
tribution of data, which can be extremely inappropriate in situations where the sample number is small
(2,3). Contrary to what is seen in genomics where non-parametric models are applied, non-parametric tests
arerarely used in proteomic analysis. Comparatively to parametric tests, non-parametric tests are distribu-
tion-free and, therefore, are more robust than tests based on a distribution. Recently, a non-parametric
model was proposed for proteomic data analysis revealing effectiveness and sensitivity in the identifica-
tion of DEPs (4). The aim of this work was to apply a non-parametric analysis to proteomic data to
understand if this approach can improve the stringency in the identification of DEPs.

Methods

To achieve our goal, we used the dataset available from Zhang et al. 2018 (5) where a parametric
approach was used to identify DEPs. Briefly, the authors identified proteomic profile changes in frontal
cortex tissue samples between Alzheimer's disease (AD) patients (n=8) and healthy controls (n=8) through
LC-MS/MS (label-free quantitative). In this dataset, only proteins without missing data across all samples
were included (n=1968), being represented by the respective relative abundance (after data scaling). To
identify DEPs using a non-parametric approach, we used the Mann-Whitney U test (P<0.05). Up- and
down-regulated proteins were selected based on AD/control ratio (up-regulated >1.3 and down-regulated
<0.77) and a false discovery rate (FDR) <0.11, as set by Zhang and colleagues. The q values were calcu-
lated using the “q value” package in R to correct for multiple comparisons and estimate false discovery
rates. To perform multiple correction analysis, we used the Benjamini-Hochberg correction both for para-
metric and non-parametric approaches. To understand if the number of protein identifications was
significantly different between parametric and non-parametric approaches the Z test was performed. All
statistical analysis was performed in R (version 3.6.1.) though the RStudio, using the “stats” package. To
compare the proteins deemed differentially expressed by the non-parametric analysis with that of the para-
metric approach, we performed a Venn diagram analysis using JVenn tool (6).
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Results

Zhang et al. observed, through the Student’s t-test, 529 DEPs in AD patients. From those, 262 proteins
were up-regulated and 225 were down-regulated, according to the criteria (1.3 fold-change of over the
control and FDR <0.11). Through the Mann-Whitney U test, we found 515 DEPs in AD patients, of which
193 were up-regulated and 156 were down-regulated, under the same criteria. Table 1 summarises the num-
ber of proteins found by each statistical approach.

Table 1 - Number of proteins identified by each statistical approach. The proportion of the proteins in relation to the
entire proteome is given in brackets. * p < 0.05 (Z test)

Approach Differential Expressed Proteins (p<0.05) Up-Regulated Proteins Down-regulated Proteins
Parametric 529 [26.9%)] 262 [13.3%]* 225 [11.4%]*
Non-parametric 515 [26.2%] 193 [9.8%]" 156 [7.9%]*

To inquire the level of redundancy of the two statistical approaches, we performed a Venn diagram ana-
lysis (figure 1). Most of the DEPs identified by the parametric approach were also disclosed by the non-
parametric approach. Interestingly, the non-parametric approach retrieved some proteins that were not
considered in the study conducted by Zhang et al.

a) Differential Expressed Proteins b) Up-regulated Proteins c) Down-regulated Proteins

Parametric Non-Parametric Parametric Non-Parametric Parametric Non-Parametric

Figure 1 - Venn diagram illustrating the common proteins between parametric and non-parametric approach for (a) differentially expressed
proteins: (b) up-regulated proteins and (c) down-regulated proteins.

Discussion

In proteomics studies, one of the key factors in the analysis workflow is the identification of DEPs
through statistical tests (2). These proteins will subsequently be used in other analyses (experimental or
bioinformatics) in order to obtain relevant information for a biological context. Most of the statistical tests
used are based on parametric models, which are built on certain assumptions (e.g. normality) that are fre-
quently violated in proteome experiments (2,3). In the present study, we reanalysed a dataset with a non-
parametric test to understand whether the results obtained could be substantially different. The first differ-
ence was the smaller number of proteins identified (n=515) as differentially expressed compared to the
parametric approach (n=529). Consequently, and considering the remaining selection criteria, the number
ofup-and down-regulated proteins was considerably smaller. In the original article, the authors used bioin-
formatically analysis of up- and down-regulated proteins to gain new insight into this pathology (5). Thus,
by reducing these protein lists, the information that would be obtained from bioinformatics analysis could
be more specific and closer to biological reality. Interestingly, we also found proteins in the non-parametric
analysis that were excluded by the parametric analysis (figure 1), thus being able to lose biological inform-
ation of interest. It is also important to note that in this type of analysis, the possibility of false positives can
be reduced through multiple correction methods (such as Benjamini-Hochberg correction). Even in this
rigorous scenario, the non-parametric test maintained its stringency in comparison to the parametric test
(datanot shown).

Conclusion

The non-parametric approach seems to be more stringent in the identification of differentially
expressed proteins, which may bring advantages for subsequent analyses. Future studies should be con-
ducted in order to understand the advantages of the non-parametric approach in the field of proteomics.
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