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For written notes on this lecture, please read chapter 19 of The Practical Bioinformatician

Knowledge Discovery Techniques
for Bioinformatics, Part VI:

Sequence Homology Interpretation

Limsoon Wong
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Plan 

• Recap of sequence alignment
• Guilt by association
• Active site/domain discovery
• What if no homology of known function is found?

– Genome phylogenetic profiling
– Protfun
– SVM-Pairwise

• Key mutation site discovery
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Very Brief Recap of
Sequence Comparison/Alignment
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Sequence Alignment

• Key aspect of seq
comparison is seq
alignment

• A seq alignment 
maximizes the 
number of 
positions that are in 
agreement in two 
sequences

Sequence U

Sequence V

mismatch

match

indel
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Sequence Alignment: Poor Example

• Poor seq alignment shows few matched positions
⇒ The two proteins are not likely to be homologous

No obvious match between 
Amicyanin and Ascorbate Oxidase

Lecture at Yang Ming National University, Taipei, June 2006 Copyright 2006 © Limsoon Wong

6

Sequence Alignment: Good Example

• Good alignment usually has clusters of extensive 
matched positions

⇒ The two proteins are likely to be homologous

good match between 
Amicyanin and unknown M. loti protein
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Multiple Alignment: An Example

• Multiple seq alignment maximizes number of 
positions in agreement across several seqs

• Seqs belonging to same “family” usually have 
more conserved positions in a multiple seq
alignment

Conserved sites

Lecture at Yang Ming National University, Taipei, June 2006 Copyright © 2006 by Limsoon Wong

Application of 
Sequence Comparison:

Guilt-by-Association
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Function Assignment to Protein Sequence

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

SPSTNRKYPPLPVDKLEEEINRRMADDNKLFREEFNALPACPIQATCEAASKEENKEKNR
YVNILPYDHSRVHLTPVEGVPDSDYINASFINGYQEKNKFIAAQGPKEETVNDFWRMIWE
QNTATIVMVTNLKERKECKCAQYWPDQGCWTYGNVRVSVEDVTVLVDYTVRKFCIQQVGD
VTNRKPQRLITQFHFTSWPDFGVPFTPIGMLKFLKKVKACNPQYAGAIVVHCSAGVGRTG
TFVVIDAMLDMMHSERKVDVYGFVSRIRAQRCQMVQTDMQYVFIYQALLEHYLYGDTELE
VT
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Guilt-by-Association

• Compare the target sequence T with sequences 
S1, …, Sn of known function in a database

• Determine which ones amongst S1, …, Sn are the 
mostly likely homologs of T

• Then assign to T the same function as these 
homologs

• Finally, confirm with suitable wet experiments
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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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BLAST: How It Works
Altschul et al., JMB, 215:403--410, 1990

• BLAST is one of the most popular tool for doing 
“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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Guilt-by-Association: Caveats

• Ensure that the effect of database size has been 
accounted for

• Ensure that the function of the homology is not 
derived via invalid “transitive assignment’’

• Ensure that the target sequence has all the key 
features associated with the function, e.g., active 
site and/or domain
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Interpretation of P-value
• Seq. comparison progs, 

e.g. BLAST, often 
associate a P-value to 
each hit

• P-value is interpreted as 
prob that a random seq
has an equally good 
alignment

• Suppose the P-value of an 
alignment is 10-6

• If database has 107 seqs, 
then you expect 107 * 10-6 = 
10 seqs in it that give an 
equally good alignment

⇒ Need to correct for 
database size if your seq
comparison prog does not 
do that!

Question: In a room with 366 people. What is the probability 
that one of them has the same birthday as you? And what is 

the probability that two of them have the same birthday?



9

Lecture at Yang Ming National University, Taipei, June 2006 Copyright 2006 © Limsoon Wong

17

Examples of Invalid Function Assignment:

The IMP Dehydrogenases (IMPDH)

A partial list of IMPdehydrogenase misnomers 
in complete genomes remaining in some 

public databases
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IMPDH Misnomer in Methanococcus jannaschii

IMPDH Misnomers in Archaeoglobus fulgidus

IMPDH Misnomer in Methanococcus jannaschii

IMPDH Misnomers in Archaeoglobus fulgidus

IMPDH Domain Structure

• Typical IMPDHs have 2 IMPDH domains that form 
the catalytic core and 2 CBS domains. 

• A less common but functional IMPDH (E70218) 
lacks the CBS domains. 

• Misnomers show similarity to the CBS domains
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Invalid Transitive Assignment

Mis-assignment 
of function

A

B

C

Root of invalid transitive assignment

No IMPDH domain
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Emerging Pattern

• Most IMPDHs have 2 IMPDH and 2 CBS domains 
• Some IMPDH (E70218) lacks CBS domains
⇒ IMPDH domain is the emerging pattern

IMPDH Misnomer in Methanococcus jannaschii

IMPDH Misnomers in Archaeoglobus fulgidus

IMPDH Misnomer in Methanococcus jannaschii

IMPDH Misnomers in Archaeoglobus fulgidus

Typical IMPDH Functional IMPDH w/o CBS
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Application of 
Sequence Comparison:

Active Site/Domain Discovery
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Discover Active Site and/or Domain

• How to discover the active site and/or domain of 
a function in the first place?
– Multiple alignment of homologous seqs
– Determine conserved positions
⇒ Emerging patterns relative to background
⇒ Candidate active sites and/or domains

• Easier if sequences of distance homologs are 
used
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Multiple Alignment of PTPs

• Notice the PTPs agree with each other on some 
positions more than other positions

• These positions are more impt wrt PTPs
• Else they wouldn’t be conserved by evolution
⇒ They are candidate active sites
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Guilt-by-Association:
What if no homolog of known function is 

found?

genome phylogenetic profiles
protfun’s feature profiles

SVM Pairwise
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Phylogenetic Profiling
Pellegrini et al., PNAS, 96:4285--4288, 1999

• Gene (and hence proteins) with identical patterns 
of occurrence across phyla tend to function 
together

⇒ Even if no homolog with known function is 
available, it is still possible to infer function of a 
protein
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Phylogenetic 
Profiling:

How it Works
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Phylogenetic Profiling: P-value

No. of ways to distribute z
co-occurrences over N
lineage's

No. of ways to distribute
the remaining x – z and y – z
occurrences over the remaining
N – z lineage's

No. of ways of 
distributing X and Y
over N lineage's 
without restriction

z
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Phylogenetic Profiles: Evidence
Pellegrini et al., PNAS, 96:4285--4288, 1999

• E. coli proteins grouped based on similar keywords 
in SWISS-PROT have similar phylogenetic profiles

No. of non-
homologous 
proteins in 
group
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hamming distance (D)

hamming distance X,Y
= #lineages X occurs +

#lineages Y occurs –
2 * #lineages X, Y occur

Phylogenetic Profiling: Evidence
Wu et al., Bioinformatics, 19:1524--1530, 2003

• Proteins having low hamming distance (thus 
highly similar phylogenetic profiles) tend to share 
common pathways Exercise: Why do proteins having high 

hamming distance also have this behaviour?
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The ProtFun Approach
Jensen, JMB, 319:1257--1265, 2002

• A protein is not alone 
when performing its 
biological function

• It operates using the same 
cellular machinery for 
modification and sorting 
as all other proteins do, 
such as glycosylation, 
phospharylation, signal 
peptide cleavage, …

• These have associated 
consensus motifs, 
patterns, etc.

• Proteins performing 
similar functions should 
share some such 
“features”

⇒ Perhaps we can predict 
protein function by 
comparing its “feature”
profile with other proteins?

seq1
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ProtFun: How it Works

Average the output of
the 5 component ANNs

Extract feature
profile of protein
using various 
prediction methods
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ProtFun: Evidence

• Combinations of 
“features” seem to 
characterize some 
functional 
categories 
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ProtFun: Example Output

• At the seq level, 
Prion, A4, & TTHY 
are dissimilar

• ProtFun predicts 
them to be cell 
envelope-related, 
tranport & binding

• This is in agreement 
w/ known 
functionality of 
these proteins
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ProtFun: Performance
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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
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Performance of SVM-Pairwise
• Receiver Operating 

Characteristic (ROC)
– The area under the 

curve derived from 
plotting true positives as 
a function of false 
positives for various 
thresholds. 

• Rate of median False 
Positives (RFP)
– The fraction of negative 

test examples with a 
score better or equals to 
the median of the scores 
of positive test 
examples.
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A Refinement to Capture 
Multiple Local Similarities

Recursive Smith-Waterman

A bit more local 
similarities are captured
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ROC 2-D Plot of
SVM-Pairwise w/ vs w/o Recursive SW

SVM-Pairwise w/ Recursive 
SW achieves higher ROC on 

more protein families
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Simpler Refinement to Capture 
Multiple Local Similarities

relax gap penalties 
(affine gap penality of open = -4, extend = -1)

(or linear gap penalty of -4)

This one is computationally more efficient!
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ROC 2-D Plot of
SVM Pairwise w/ vs w/o Relaxed Penalties

SVM-Pairwise w/ relaxed gap 
penalties achieves higher ROC 

on more protein families
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Application of 
Sequence Comparison:

Key Mutation Site Discovery
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Identifying Key Mutation Sites
K.L.Lim et al., JBC, 273:28986--28993, 1998

• Some PTPs have 2 PTP domains
• PTP domain D1 is has much more activity than 

PTP domain D2
• Why? And how do you figure that out?

Sequence from a typical PTP domain D2
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Emerging Patterns of PTP D1 vs D2

• Collect example PTP D1 sequences
• Collect example PTP D2 sequences
• Make multiple alignment A1 of PTP D1
• Make multiple alignment A2 of PTP D2
• Are there positions conserved in A1 that are 

violated in A2?
• These are candidate mutations that cause PTP 

activity to weaken
• Confirm by wet experiments
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present
absent

D1

D2

This site is consistently conserved in D1, 
but is consistently missing in D2
⇒ it is an EP 
⇒ possible cause of D2’s loss of function 

This site is consistently conserved in D1, 
but is not consistently missing in D2
⇒ it is not an EP 
⇒ not a likely cause of D2’s loss of function 

Emerging Patterns of PTP D1 vs D2

Exercise: Why?
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D1

D2

Key Mutation Site: PTP D1 vs D2

• Positions marked by “!” and “?” are likely places 
responsible for reduced PTP activity
– All PTP D1 agree on them
– All PTP D2 disagree on them
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Key Mutation Site: PTP D1 vs D2

• Positions marked by “!” are even more likely as 3D 
modeling predicts they induce large distortion to 
structure

D1

D2
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Confirmation by Mutagenesis Expt

• What wet experiments are needed to confirm the 
prediction?
– Mutate E → D in D2 and see if there is gain in 

PTP activity
– Mutate D → E in D1 and see if there is loss in PTP 

activity
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Any Questions?
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