
Copyright © 2019 by National University of Singapore. All Rights Reserved. 
© Copyright National University of Singapore. All Rights Reserved. 

Robustness of 
protein complex-
based analysis of 
proteomics data

Robustness of 
protein complex-
based analysis of 
proteomics data

Wong Limsoon

Joint work with Wilson Goh



Copyright © 2019 by National University of Singapore. All Rights Reserved. 

Using protein 
complexes to 
enhance proteomics: 
Basic ideas



Copyright © 2019 by National University of Singapore. All Rights Reserved. 

Detected 
protein

Present but  
undetected 
protein

Intuition

Suppose the failure to form 
a protein complex causes a 
disease

If any component protein is 
missing, the complex can’t 
form

Diff patients suffering from 
the disease can have a diff 
protein component missing

Construct a profile based on 
complexes?
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… and some math

Postulate: Chance of a protein complex being present
fraction of its member proteins being reported in the screen

Say a proteomics screen has 75% reliability; {A, B, C, D, E} 
is a complex; and screen reports A, B, C, D only

The complex has 60% (= 0.75 * 4 / 5) chance to be present

E has >60% chance to be present, as presence of complex 
implies presence of its constituents … improving coverage

A, B, C, and D each has 90% (= 100% * 0.6 + 75% * 0.4) 
chance of being present, i.e. >75% … removing noise
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Reference 
complexes

In this talk, human complexes 
(of size at least 5) from 
CORUM are used as reference 
complexes

It is possible to use 
subnetworks generated from 
pathway and PPI databases. 
However these such 
subnetworks vary 
significantly depending on 
databases and generation 
algorithms used

So I do not consider these…
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Improving 
consistency in 
proteomic profile 
analysis
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Proteomic profiles sometimes 
not sufficiently consistent

A human kidney tissue, 
digested in quadruplicates, 
analyzed in triplicates

Guo et al. Nature Medicine, 21(4):407-413, 
2015

Correlation betw replicates is 
not good (~0.4)

Technical replicates of the 
same biological replicate are 
not tightly clustered
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qPSP, a simple use of 
complexes

Features are complexes

Feature values are fuzzy 
weighted proportion of 
proteins in a complex

score(C,Si) = 

pC fs(p,Si) / |C|

Complex C is significant if 
{score(C,Si) | Si  A} is very 
different by t-test from 
{score(C,Si) | Si  B} 

Goh et al. Quantitative proteomics signature profiling based 
on network contextualization. Biology Direct, 10:71. 2015
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Justification for fuzzy scoring

Low-abundance proteins 
have very high coefficient 
of variation

They thus are very noisy

Fuzzy scoring mitigates 
this
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False-positive rate analysis

12 kidney controls randomly 
assigned into two groups of 
equal size, and qPSP
performed many rounds

False-positive rate well 
within the expectation levels 

Sig Clusters (Abs)

Exp: 19, Observed: 16

Sig Clusters (Ratio)

Exp: 5%, Observed: 4%
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Consistency of qPSP

Clustering of benchmarking 
control data based on protein 
complexes (i.e. qPSP)

Correlation betw replicates is 
>0.95

Cf. 0.4 based on proteins

Also, technical replicates are 
better clustered
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Application to 
renal & colorectal cancers
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Further improving 
consistency in 
proteomic profile 
analysis
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PFSNet, considering class 
factors

For irrelevant protein complex S, the two scores above for 
patient pk should be roughly equal, regardless of class

Do a paired t-test on (pk, S) = score1
pk(S) – score2

pk(S) 

to decide whether S is relevant, get null distribution by 
permuting class labels

Wt of 

gene i in 

+ve class

Score of 

subnet S 

in patient 

k w/ +ve

class 

-ve class wt

Goh & Wong. Advancing clinical proteomics via analysis based 
on biological complexes: A tale of five paradigms. Journal of 
Proteome Research, 15(9):3167--3179, July 2016.
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ESSNet, for small datasets & 
low-abundance proteins

Let gi be a protein in a given 
protein complex

Let pj be a patient

Let qk be a normal

Let i,j,k = Expr(gi,pj) –
Expr(gi,qk)

Test whether i,j,k is a 
distribution with mean 0

Null hypothesis is “Complex 
C is irrelevant to the diff betw
patients and normals, and 
the proteins in C behave 
similarly in patients and 
normals”

No restriction to most 
abundant proteins

Potential to reliably detect 
low-abundance but 
differential proteins

Goh & Wong. Advancing clinical proteomics via analysis based on 
biological complexes: A tale of five paradigms. Journal of Proteome 
Research, 15(9):3167--3179, 2016
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Methods to 
compare with

Network-based methods

Hypergeometric enrichment (HE)

Direct group analysis (DG), 
similar to GSEA

qPSP

PFSNET

ESSNET

Standard t-test on individual 
proteins (SP)
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Simulated data

Simulated datasets from Langley and Mayr

Both D1.2 and D2.2 have 100 small-sized simulated 
datasets, each with 20% significant features

Effect sizes of these differential features are sampled 
from one out of five possibilities (20%, 50%, 80%, 100% 
and 200%), increased in one class and not in the other

Significant artificial complexes are constructed with 
various level of purity (i.e. proportion of significant 
proteins in the complex)

Equal # of non-significant complexes are constructed too

Langley & Mayr, J. Proteomics, 129:83-92, 2015
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SP shows 
rather poor 
performance 
on simulated 
data

Can network-
based 
methods do 
better?
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qPSP / PFSNET / ESSNET 
perform well on simulated data
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Renal cancer 
control data 
(RCC)

12 runs originating from a 
human kidney tissue digested 
in quadruplicates and 
analyzed in triplicates

Excellent for evaluating false-
positive rates of feature-
selection methods

Randomly split the 12 runs 
into two groups

Report of any significant 
features between the groups 
must be false positives

Guo et al. Nature Medicine, 21(4):407-413, 2015
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All methods 
control false 
positives well

Dash line corresponds to expected # of false positives at alpha 0.05 (~30 complexes)



Copyright © 2019 by National University of Singapore. All Rights Reserved. 

Renal cancer 
data (RC)

12 samples are run twice so we 
have technical replicates over 6 
normal and 6 cancer tissues

Good for testing reproducibility 
of feature-selection methods

A good method should report 
similar feature sets between 
replicates

Can also test feature-selection 
stability

Apply feature-selection method 
on subsamples and see whether 
the same features get selected

Guo et al. Nature Medicine, 21(4):407-413, 2015
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ESSNET & PFSNET show 
excellent reproducibility

This table is computed 

on by applying the 

methods on the full RC 

dataset
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ESSNET & 
PFSNET show 
excellent 
stability
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ESSNET can assay low-
abundance complexes that 
qPSP cannot

A: QPSP-ESSNET significant-
complex overlaps 

B: P-value distribution for 
overlapping and non-
overlapping QPSP complexes. 

C: Sampling abundance 
distribution. The left panel is a 
zoom-in of the right. The y-axis 
is the protein abundance while 
the four categories are the 
distribution of abundances of 
complexes found in QPSP, 
ESSNET, ESSNET unique 
(complement), and all proteins 

in RC.
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ESSNET can assay low-
abundance complexes that 
PFSNET cannot

Of the 5 ESSNET-unique 
complexes, PFSNET can 
detect 4; the missed 
complex consists entirely of 
low-abundance proteins.

If p-value threshold is 
adjusted by Benjamini-
Hochberg 5% FDR, PFSNET 
can detect only 3 of the 5 
ESSNET-unique complexes 
while ESSNET continues to 
detect them all.
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These methods work 
well on gene 
expression data too, 
using gene regulatory 
pathways instead of 
protein complexes
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Reproducibility on gene 
expression datasets

ORA-Paired

PFSNet

DG

HE

NEA-Paired

ESSNet

Lim et al. A quantum leap in the 
reproducibility, precision, and sensitivity of 
gene expression profile analysis even when 
sample size is extremely small. Journal of 
Bioinformatics and Computational Biology, 
13(4):1550018, August 2015.
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Batch effects 
obfuscate –omics 
analysis
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Simulated data

Real one-class data from a multiplex experiment (no batches); n = 8

Randomly assigned into two phenotype classes D and D*, 100x

20% biological features are assigned as differential, and a randomly selected effect size 
(20%, 50%, 80%, 100% and 200%) added to D*

Half of D and D* are assigned to batch 1, and the other half assigned to batch 2. A 
randomly selected batch effect (20%, 50%, 80%, 100% and 200%) is added to all features 
in batch 1
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Batch effects 
obfuscate

Batch-effect 
correction 
confound

P: Precision R: Recall F: F-measure

Feature selection via t-test
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Providing batch-
effect resistance in 
proteomic profile 
analysis
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Protein 
complex-
based feature 
selection is 
resistant to 
batch effects

Wilson Wen Bin Goh, Limsoon Wong. 
Protein complex-based analysis is 
resistant to the obfuscating 
consequences of batch effects---a case 
study in clinical proteomis. BMC 
Genomics, 18(Suppl 2):142, March 2017.

FSNET is PFSNET using only one-class score; SNET is FSNET with alpha1 = alpha2
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Batch effects 
“avoid” top 
PCs 
produced 
from protein 
complexes 
selected by 
SNET & 
FSNET
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Batch 
effects 
“avoid” top 
protein 
complexes 
selected by 
SNET & 
FSNET 
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Recovering missing 
proteins from 
proteomic screen
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Lots of missing values 
in real proteomics datasets

Guo et al. Nature Medicine, 21, 407, 2015
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PROTREC

Recall this postulate: 

The chance of a protein complex being present is proportional to the 
fraction of its protein members being correctly reported in the screen

PROTREC: Rank predicted missing proteins by

Prob(Protein p is present but unreported) = 
Maxcomplex C contains p Prob(p is present | C is present) * Prob(C is present) + 

Prob(p is present | C is absent) * Prob(C is absent)

Presence of complex implies 

presence of all member proteins
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SWATH experiment

If there are technical replicates, they should have 
reported the same proteins. So we can run PROTREC 
on one replica, and see whether the predicted missing 
proteins show up in other replicas

Proteomics data used: Renal cancer

Guo et al. Nature Medicine, 21(4):407-413, 2015

6 pairs of normal vs cancer ccRCC tissues

SWATH in duplicates
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“Missing” 
proteins with 
high 
PROTREC 
scores are 
usually 
supported by 
at least one 
peptide in 
technical 
replicates
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Closing remarks
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What have we 
learned?

Contextualization into protein 
complexes can help with 
consistency & reproducibility 
issues in proteomic profile 
analysis

It can help with coverage issue too

It can also help with consistency & 
reproducibility issues in gene 
expression profile analysis

It can mitigate against batch 
effects
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