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Plan 
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Sequence alignment

Guilt by association

Key mutation site discovery

What if no homology of known function is found?
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Sequence 
comparison / 
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Motivations for seq comparison
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Evolution is related to changes in DNA

By comparing DNA sequences, we can infer evolutionary 

relationships between the sequences w/o knowledge of 

the evolutionary events themselves

Thus, sequence comparison is a foundation for inferring 

function, active site, and key mutations
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Sequence 
alignment

Key aspect of seq
comparison is seq
alignment

A seq alignment 
maximizes the 
number of positions 
that agree in two 
sequences
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Sequence U

Sequence V

mismatch

match

indel
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Sequence alignment: Poor example
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Poor seq alignment shows few matched positions

 The proteins are not likely to be homologous

No obvious match between 

Amicyanin and Ascorbate Oxidase
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Sequence Alignment: Good example
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Good alignment has clusters of matched positions

 The two proteins are likely to be homologous

Good match betw Amicyanin & an unknown M. loti protein
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Multiple alignment: An example
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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
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Guilt by 
association
Guilt by 
association
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Proteins 

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

10



© Copyright National University of Singapore. All Rights Reserved. 

Function assignment to protein seq
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How to assign a function to a new protein sequence?

SPSTNRKYPPLPVDKLEEEINRRMADDNKLFREEFNALPACPIQATCEAASKEENKEKNR

YVNILPYDHSRVHLTPVEGVPDSDYINASFINGYQEKNKFIAAQGPKEETVNDFWRMIWE

QNTATIVMVTNLKERKECKCAQYWPDQGCWTYGNVRVSVEDVTVLVDYTVRKFCIQQVGD

VTNRKPQRLITQFHFTSWPDFGVPFTPIGMLKFLKKVKACNPQYAGAIVVHCSAGVGRTG

TFVVIDAMLDMMHSERKVDVYGFVSRIRAQRCQMVQTDMQYVFIYQALLEHYLYGDTELE

VT
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In the course of evolution…

12



© Copyright National University of Singapore. All Rights Reserved. 

Evolution takes time …
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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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The triumph of logic
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Two proteins 
inheriting their 
function from a 
common ancestor 
have very similar 
amino acid 
sequences
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Discussion

How to guess the function of a protein?

15
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Guilt by association: Caveats

22

Ensure that the effect of database size has been 

accounted for

Ensure that the function of the homolog 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



© Copyright National University of Singapore. All Rights Reserved. 

Law of large numbers
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Suppose you are in a room 

with 365 other people

Q: What is the prob that a 

specific person in the room  

has the same birthday as 

you?

A: 1/365 = 0.3%

Q: What is the prob that 

there are two persons in 

the room having the same 

birthday?

A: 100%
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Interpretation of P-value
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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!

Note: P = 1 – e −E
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Lightning does strike twice!
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Roy Sullivan, a former park ranger from Virgina, was 

struck by lightning 7 times

1942 (lost big-toe nail)

1969 (lost eyebrows)

1970 (left shoulder seared)

1972 (hair set on fire)

1973 (hair set on fire & legs seared)

1976 (ankle injured)

1977 (chest & stomach burned)

September 1983, he committed suicide Cartoon: Ron Hipschman 

Data: David Hand
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Effect of seq compositional bias
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One fourth of all residues in protein seqs occur in 

regions with biased amino acid composition

Alignment of two such regions achieves high score 

purely due to segment composition

While it is worth noting that two proteins contain similar 

low complexity regions, they are best excluded when 

constructing alignments 

BLAST employs the SEG algo to filter low complexity 

regions from proteins before executing a search

Source: NCBI
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Effect of sequence length

28

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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Examples of invalid function assignment:
IMP dehydrogenases (IMPDH)
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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

30

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

31

Mis-assignment 

of function

A

B

C

Root of invalid transitive assignment

No IMPDH domain
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Emerging pattern
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Most IMPDHs have 2 IMPDH and 2 CBS domains 

Some IMPDH (E70218) lacks CBS domains

 IMPDH domain is the characterising pattern of IMPDH

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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Key mutation site 
discovery
Key mutation site 
discovery
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Discussion 

Some PTPs have 2 PTP domains

PTP domain D1 has more activity than PTP domain D2

Why? How do you figure that out?

34

Sequence from a typical PTP domain D2
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D1

D2

Key mutation site: PTP D1 vs D2
Lim et al., JBC, 273:28986--28993, 1998

37

Positions marked by “!” and “?” are likely places 

responsible for reduced PTP activity

PTP D1 agree on them; PTP D2 disagree on them
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Key mutation site: PTP D1 vs D2
Lim et al., JBC, 273:28986--28993, 1998

Positions marked by “!” are even more likely as 3D 

modelling predicts they induce large distortion to structure

D1

D2
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Confirmation by mutagenesis

39

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

Why do you need this 2-way expt?
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What if no 
homolog of known 
function is found?

What if no 
homolog of known 
function is found?

40
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What if there is no useful seq homolog?

41

Guilt by other types of association!

Domain modeling (e.g., HMMPFAM)

Similarity of phylogenetic profiles

Similarity of dissimilarities (e.g., SVM-PAIRWISE)

Similarity of subcellular co-localization & other physico-

chemico properties(e.g., PROTFUN)

Similarity of gene expression profiles

Similarity of protein-protein interaction partners

…
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Hidden Markov Model for biological seqs
https://webpages.math.luc.edu/~tobrien/courses/bioinf/krogh.pdf
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A multiple alignment of sequences of the same 
family/function

HMM derived from the multiple alignment

For each protein family,
create multiple alignment 

of its members
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For a 4-letter alphabet, each letter has 0.25 prob to occur

Scoring by HMM
https://webpages.math.luc.edu/~tobrien/courses/bioinf/krogh.pdf

43

The prob depends on seq length; not very convenient 

score for interpretation

Log odds obtained by comparing to a null model of the 

same length
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Phylogenetic profiling
Pellegrini et al., PNAS, 96:4285--4288, 1999
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Genes (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

45
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Phylogenetic profiling: P-value
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Phylogenetic profiles: Evidence
Pellegrini et al., PNAS, 96:4285--4288, 1999

47

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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KEGG

COG

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

48

Explain the two red ovals. Any surprise there?
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Concluding 
remarks
Concluding 
remarks
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Discussion 

What have we learned?

50
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51
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