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This session is an opportunity for students  to apply what they have learned in the previous sessions, 
as well as to engage in a more reflective and contemplative approach to reading reported results. 
We do this in the context of protein function prediction. Each student should read the materials 
below beforehand.   


Background 


• Wiki page on protein function prediction, 
https://en.wikipedia.org/wiki/Protein_function_prediction 


• Twilight zone of protein sequence alignments, 
https://academic.oup.com/peds/article/12/2/85/1550637  


• Seo et al. “DeepFam: Deep learning-based alignment-free method for protein family 
modelling and prediction”, Bioinformatics 34(13):i254-i262, 2018 
https://academic.oup.com/bioinformatics/article/34/13/i254/5045722 


 


Pre- & post-session reports assignment 


Before the session (submit before 30 January 2023): 


• The report should address what the Seo et al. paper is talking about, and what analysis or 
methodological bugs you think the paper might have.  


After the session (submit by 3 February 2023): 


• Summarize any new insight you have gained from the session’s discussion on the paper, and 
also comment on what you write in your pre-session report. 


 



https://en.wikipedia.org/wiki/Protein_function_prediction

https://academic.oup.com/peds/article/12/2/85/1550637

https://academic.oup.com/bioinformatics/article/34/13/i254/5045722
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The twilight zone 
of protein function 
prediction
Wong Limsoon


Outline: Generally, if the sequence of two proteins are quite similar, they would have a common ancestor and would have inherit their function 
from that ancestor. Thus, if one knows the function of one of these two proteins, one can infer the function of the other protein. However, at 
sequence similarity below 40%, this way of inferring protein function is accompanied by an explosion of false positives. Deep learning methods 
are proposed as a solution. Do these approaches work? 
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A protein is a ...


A protein is a large 
complex molecule 
made up of one or 
more chains of 
amino acids


Proteins perform a 
wide variety of 
activities in the cell
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Protein function prediction


How do we attempt to assign a function to a 
new protein sequence?


SPSTNRKYPPLPVDKLEEEINRRMADDNKLFREEFNALPACPIQATCEAASKEENKEKNR
YVNILPYDHSRVHLTPVEGVPDSDYINASFINGYQEKNKFIAAQGPKEETVNDFWRMIWE
QNTATIVMVTNLKERKECKCAQYWPDQGCWTYGNVRVSVEDVTVLVDYTVRKFCIQQVGD
VTNRKPQRLITQFHFTSWPDFGVPFTPIGMLKFLKKVKACNPQYAGAIVVHCSAGVGRTG
TFVVIDAMLDMMHSERKVDVYGFVSRIRAQRCQMVQTDMQYVFIYQALLEHYLYGDTELE
VT
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During evolution…
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Exercise #1


Let a = AFPHQHRVP
Let b = PQVYNIMKE


Suppose each generation differs from the 
previous by 1 residue


What is the max difference between the 
2nd generation of a


What is the min difference between the 
2nd generation of a and b?
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Answer


Intentionally left blank
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The triumph of logic


Two proteins 
inheriting their 
function from a 
common ancestor 
have very similar 
amino acid 
sequences
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Exercise #2


How can we guess the function of a protein?
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Abductive reasoning
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Intentionally left blank
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Guilt by association
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Intentionally left blank
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Seq comparison is slow


Time complexity for 
optimal alignment is 
O(n2), where n is seq
length


Given size of seq db, 
use of optimal algo is 
not practical


⇒BLAST, Pattern 
Hunter, etc.


Typical speed-up achieved:
20 min (Smith-Waterman)  20 sec (BLAST)
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Why is this 
step needed?


BLAST: How it works
Altschul et al., JMB, 215:403-410, 1990


BLAST is one of the most popular tool for doing 
fast “guilt-by-association” sequence homology 
search


find from db seqs
with short perfect
matches to query
seq


find seqs with
good flanking 
alignment
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Homologs obtained by BLAST


Thus our example sequence could be a protein 
tyrosine phosphatase α (PTPα)
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Example alignment with PTPα
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Twilight zone


15


Abagyan RA, Batalov S. Do 
aligned sequences share the 
same fold? J Mol Biol. 1997 


Oct 17;273(1):355-68
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Protein function prediction
SPSTNRKYPPLPVDKLEEEINRRMADDNKLFREEFNALPACPIQATCEAASKEENKEKNR
YVNILPYDHSRVHLTPVEGVPDSDYINASFINGYQEKNKFIAAQGPKEETVNDFWRMIWE
QNTATIVMVTNLKERKECKCAQYWPDQGCWTYGNVRVSVEDVTVLVDYTVRKFCIQQVGD
VTNRKPQRLITQFHFTSWPDFGVPFTPIGMLKFLKKVKACNPQYAGAIVVHCSAGVGRTG
TFVVIDAMLDMMHSERKVDVYGFVSRIRAQRCQMVQTDMQYVFIYQALLEHYLYGDTELE


Seq similarity to known proteins high ⇒ easy
Seq similarity is low (~30%) ⇒ error prone
Seq similarity is very low ⇒ really hard
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Doppelganger 
effect
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Is it possible to make more 
reliable protein function 
prediction in the twilight zone?
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Inspiration


18Image credit: ArtStation, Peter Hermes Furian, & TEMPLATE.NET
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There is no good alignment in the twilight zone. 
Can poor alignments be used instead? How?
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Similarities of dissimilarities


20


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


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


⇒The fruit X is likely an apple







Wong Limsoon, lectures for BS6213 @ NTU, Jan & Feb 2023


SVM-Pairwise framework
Training 
Data


S1


S2


S3


…


Testing 
Data


T1


T2


T3


…


Training Features


S1 S2 S3 …


S1 f11 f12 f13  …


S2 f21 f22 f23 …


S3 f31 f32  f33 …


…   …    …    …  …


Feature 
Generation


Trained SVM Model
(Feature Weights)


Training


Testing Features


S1 S2 S3 …


T1 f11 f12 f13  …


T2 f21 f22 f23 …


T3 f31 f32  f33 …


…   …    …    …  …


Feature 
Generation


Support Vectors 
Machine


(Radial Basis 
Function Kernel)


Classification


Discriminant 
Scores 


RBF 
Kernel


f31 is the local 
alignment score 
between S3 and S1


f31 is the local 
alignment score 
between T3 and S1


Image credit: Kenny Chua 21


SVM-Pairwise is slow. Why? 
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HeatMap of dissimilarity features
Extracted from EnsembleFam by Neamul Kabir
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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 


~200
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EnsembleFam
Kabir & Wong, BMC Bioinformatics 23:90, 2022
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Exercise #3 SVM-Pairwise runs slowly


EnsembleFam uses the 
same framework but runs 
much faster. How does it 
achieve this feat?


24Image credit: Kenny Chua
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Answer 


Intentionally left blank


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


So, no need to keep the 
diff for 10k apples 
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What have we learned?


27


Doppelgangers inflate prediction performance
Stratify test set into easy vs hard instances


Similarity info is rare
Dissimilarities are aplenty but are often discarded


Guilt by association of similarity of dissimilarities 
is a power paradigm for classification


Expect the unexpected
There are always novel classes not modelled







Wong Limsoon, lectures for BS6213 @ NTU, Jan & Feb 2023


References
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