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Insight + logic 
= elegant solutions

WONG Limsoon
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Illuminating the twilight 
zone of protein function 
prediction
Neamul Kabir & Wong, “EnsembleFam: Towards more accurate protein family prediction in the 
twilight zone”, BMC Bioinformatics, 23:90, 2022
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A standard postulate based on evolution

Two proteins (not) 
inheriting their 
function from a 

common ancestor 
(do not) have 

similar amino acid 
sequences
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Guilt by association

Compare T with seqs of 

known function in a db

Assign to T same 

function as homologs

Confirm with suitable 

wet experiments

Discard this function

as a candidate
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Twilight zone: Limit 

of sequence 

similarity-based 

protein function 

assignment

So, need clever 

methods for the 

twilight zone
Abagyan RA, Batalov S. J Mol Biol., 273(1):355-68, 1997
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An example in the near-twilight zone
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x: Human HSP70

GPLGSMSKGPAVGIDLGTTYSCVGVFQHGKVEIIANDQGNRTTPSYVAFTDT…

y: Human actin-1 (37% similarity)

MDDDIAALVVDNGSGMCKAGFAGDDAPRAVFPSIVGRPRHQGVMVGMGQKDS…

Other families

a: B. taurus serum albumin (35%), b: E. coli leucine binding protein (35%), c: human 
26S proteasome unit 7 (37%), d: A. olearius peptide chain release factor 1 (36%)

Random 
proteins
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In fact, homology 

search tools are 

optimized to skip 

low-similarity 

proteins

A twilight-zone 

protein is low 

similarity  get 

nothing back!
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Insight: Similarities of dissimilarities

The differences between any apple to orange / banana / mango / etc. 
are mostly same as the differences between any other apple with that 
orange / banana / mango / etc.

The differences between a mysterious fruit X to orange / banana / 
mango / etc. are mostly same as the differences between an apple to 
orange / banana /mango / etc.

The fruit X is likely an apple
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EnsembleFam 

uses low-/dis-

similarity 

information 

discarded by other 

methods!

Inspired by SVM-

pairwise
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Exercise 
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SVM-Pairwise uses each training seq to define a 
feature

COG-500-1074 has > 500 * 1074 = 537000 seqs

 Big SVM-Pairwise model, >537000 features

 Inefficient to compute feature vector of a test 
instance & make prediction for it

Are >537000 features really needed? 

How can SVM-Pairwise be made to run 100x faster? 
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Heatmap of dissimilarity features
Extracted from EnsembleFam
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There is consistency in the way two proteins of the 
same family differ from the other families

Note: Bitscore of 
proteins in the 
same family is 
typically ~200
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Design of EnsembleFam
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One ensemble per protein family

Each ensemble has 3 base SVMs

Base SVMs use diff combinations of 
similarity & dissimilarity features

Ensemble decides (in vs not-in target 
family) by a majority vote

Feature group #1 (Dissimilarities)
Best BLAST scores from each non-
target class (only 10 ref proteins used 
per class)

Feature group #2 (Dissimilarities)
pHMM scores from each pFam family

Feature #3 (Similarity)
Best BLAST score from target class

Kabir & Wong, BMC Bioinformatics, 23:90, 2022
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Exercise 
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How does EnsembleFam deal with “surprising questions” ?

How does EnsembleFam deal with proteins that have more than one 
function?
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EnsembleFam performance in the twilight zone
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Contribution of dissimilarities
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Base SVMs have similar performance, Not 
much better than e.g. DeepFam

Where does performance increment of 
the ensemble come from? 

Intersection of the two 
dissimilarity-based SVMs 

is ~40% of the predictions!
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Take-home message

A lot of useful information gets overlooked

Similarity of dissimilarities
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Addressing the replicability 
crisis
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, 2015
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Poor replicability of gene selection

Low % of overlapping genes from diff expt

Prostate cancer

• Lapointe et al, 2004 vs Singh et al, 2002

Lung cancer

• Garber et al, 2001 vs Bhattacharjee et al, 2001

DMD

• Haslett et al, 2002 vs Pescatori et al, 2007

Zhang et al, Bioinformatics, 2009

Datasets DEG POG

Prostate

Cancer

Top 10 0.30

Top 50 0.14

Top100 0.15

Lung

Cancer

Top 10 0.00

Top 50 0.20

Top100 0.31

DMD
Top 10 0.20

Top 50 0.42

Top100 0.54
18
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We thought 

pathways would 

help but …
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Insight: Why ORA 

does not work well
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ORA-Paired: Paired test and new null hypothesis
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Let gi be a gene in a pathway P

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

Issue #1 is solved

Null hypothesis is “Pathway P is irrelevant 
to the difference between patients and 
normals, and the genes in P behave 
similarly in patients and normals”

Issue #2 is solved

No need pre-determined list of DE genes

Issue #3 is unsolved
Assume 

absence of 
batch effects
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Exercise 
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Let gi be a gene in a pathway P

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

How many i,j,k are there? 

|patients| * |normals| * |genes in P|

Does this mean sample size now larger?

Does this mean more degrees of freedom?
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Testing the null 

hypothesis

“Pathway P is 

irrelevant to the 

difference between 

patients and 

normals and so, 

the genes in P 

behave similarly in 

patients and 

normals”

Method #1

t-test with the right degrees of freedom …

Method #2

By the null hypothesis, a dataset & its class-
label permutations are exchangeable …
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Better, but not super-duper good
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ORA-Paired

PFSNet

GSEA

ORA
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NEA-Paired: Paired test on subnetworks
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Given a pathway P

Let each node and its immediate 
neighbourhood in P be a 
subnetwork

Apply ORA-Paired on each 
subnetwork individually

Issues #1 & #2 are solved as per 
ORA-Paired

Issue #3 is partly solved

Testing subnetworks instead of 
whole pathways
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Much better performance

27

ORA-Paired

PFSNet

GSEA

ORA

NEA-Paired
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Take-home message
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Make effort to understand the domain

A little domain insight goes a really long way
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Presentation & discussion on … 
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WLS’s comments on … 
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