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PolySTest: Robust statistical testing of proteomics data

Unified test LIMMA Miss test Rank products Permutation test t-test

3-species mixture FDR 0.01

TP 2329 2597 175 13 0 1926

FP (tFDR) 64 (0.03) 124 (0.05) 2 (0.01) 1 (0.07) 0 76 (0.04)

3-species mixture FDR 0.05

TP 2677 2872 814 232 2262 2582

FP (tFDR) 150 (0.05) 379 (0.12) 36 (0.04) 5 (0.02) 191 (0.08) 295 (0.1)

2-species mixture FDR 0.01 (condition 2 vs. 1)

TP 192 186 21 45 0 80

FP (tFDR) 5 (0.03) 7 (0.04) 1 (0.05) 0 (0) 0 (0) 0 (0)

2-species mixture FDR 0.01 (condition 3 vs. 1)

TP 207 198 31 61 0 139

FP (tFDR) 10 (0.05) 10 (0.05) 1 (0.03) 3 (0.05) 0 (0) 2 (0.01)

2-species mixture FDR 0.01 (condition 4 vs. 1)

TP 218 206 41 67 152 165

FP (tFDR) 20 (0.08) 25 (0.1) 0 (0) 1 (0.01) 64 (0.3) 10 (0.06)

Table S1: Comparison of true and false positives within statistical tests for all ground truth data sets.
The 2-species data set been normalized using the cylic loess normalization by LIMMA to decrease effects
from bias towards one side. TP: true positives, FP: false positives, tFDR: true FDR.
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Figure S1: Cumulative distribution of p-values for different amounts and different value-dependent missing
values. A linear increase corresponds to an uniform distribution of p-values which is valid down to very
low p-values. The red lines denote the fraction of features with an FDR below the give p.
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PolySTest: Robust statistical testing of proteomics data
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Figure S2: Cumulative distribution of p-values from Miss test for purely random artificial data consisting
of 1,000 features.
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Figure S3: ROC curves and comparison of estimated and real FDR for the data sets from Fig. 2C when
additionally comparing different percentages of missing values.
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Figure S4: ROC curves and comparison of estimated and real FDR for data sets with similar parameters
as in Fig. 2C when additionally comparing different percentages of missing values. The number of features
was increased to 5000 to allow higher coverage of the over the FDR range.
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Figure S5: ROC curves and comparison of estimated and real FDR for data sets with similar parameters
as in Fig. 2C when additionally comparing different percentages of missing values. The number of features
was increased to 5000 to allow higher coverage of the over the FDR range.
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Figure S6: ROC curves and comparison of estimated and real FDR for data sets with similar parameters
as in Fig. 2C when additionally comparing different percentages of missing values. The number of features
was increased to 5000 to allow higher coverage of the over the FDR range.
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Figure S7: Distribution of true FDRs at a given FDR of 0.01 for 1,584 artificial data sets with 500
features spanning 3-10 replicates, 2-100 truly regulated proteins shifted by 1, 1.5, 2 and 5 from their
original random value, and 0-100 value-dependence and missing values of 0%-50%.
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Figure S8: Distribution of true FDRs at a given FDR of 0.01 for 1,584 artificial data sets with 5,000
features spanning 3-10 replicates, 2-100 truly regulated proteins shifted by 1, 1.5, 2 and 5 from their
original random value, and 0-100 value-dependence and missing values of 0%-50%.
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data set, indicating that they, at least partially, might in fact be wrongly identified true positives.

9



PolySTest: Robust statistical testing of proteomics data

P
o

ly
u

S
T
e

rs
t

L
IM

M
A

M
is

s 
te

st

ra
n

k 
p

ro
d

u
ct

s

p
e

rm
u

ta
tio

n
 t

e
st

t−
te

st

P
ro

te
in

s 
w

ith
 F

D
R

<
0

.0
5

0

500

1000

1500

2000

2500
C2.vs.C1
C3.vs.C1
C4.vs.C1
C5.vs.C1
C6.vs.C1

Figure S10: Number of differentially regulated proteins at FDR < 0.05 for the different statistical tests
and comparisons of different muscle differentiation states versus stem cells.

10



PolySTest: Robust statistical testing of proteomics data

Polymerase switching on the C−strand of the telomere

Mitotic Spindle Checkpoint

Inhibition of replication initiation of damaged DNA by RB1/E2F1

E2F mediated regulation of DNA replication

G1/S Transition

Mitotic G1−G1/S phases

Muscle contraction

Striated Muscle Contraction

0 5 10

0.0015
0.0010
0.0005

p.adjust

Reactome

G1 to S cell cycle control

Pyrimidine metabolism

Bladder Cancer

Retinoblastoma Gene in Cancer

Striated Muscle Contraction Pathway

0 3 6 9

0.03
0.02
0.01

p.adjust

Wikipathways

L13a−mediated translational silencing of Ceruloplasmin expression

Cellular responses to stress

AUF1 (hnRNP D0) binds and destabilizes mRNA

Signaling by ROBO receptors

Metabolism of amino acids and derivatives

Regulation of expression of SLITs and ROBOs

Infectious disease

Translation

0
1020

30
40

2e−05

1e−05

p.adjust

Parkin−Ubiquitin Proteasomal System pathway

Methionine De Novo and Salvage Pathway

Translation Factors

mRNA Processing

Cytoplasmic Ribosomal Proteins

Fragile X Syndrome

Proteasome Degradation

0 5 10 15

0.04
0.03
0.02
0.01

p.adjust

O
n

ly
 P

o
ly

S
T
e
st

O
n

ly
 li

m
m

a

Figure S11: Result from pathway enrichment analysis (Reactome and Wikipathways) for proteins uniquely
identified by PolySTest (upper panels) and LIMMA (lower panels). FDR threshold: 0.05.
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Figure S12: Gene-background ratios of DRFs for most enriched pathways and pathways related to muscle
cells and cell cycle. The gene groups were taken from WikiPathways.
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PolySTest: Robust statistical testing of proteomics data

Figure S13: Screenshot of the PolySTest web service. Upload of quantitative proteomics data and setting
of experimental design.
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PolySTest: Robust statistical testing of proteomics data

Figure S14: Screenshot of the PolySTest web service. The interface allows browsing, visualization and
further investigation of the results from the statistical tests.
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