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What is invariant?

• Suppose you have a bag of x red beans and y 
green beans

• Repeat  the following:
– Remove 2 beans 
– If both green, discard both
– If both red, discard one, put back one
– If one green and one red, discard red, put back 

green
• If one bean is left behind, can you predict its 

colour?



2

Guest lecture for USP, 7/2/2007 Copyright 2007 © Limsoon Wong

Plan 

• Invariants in Evolution
– Finding Active Sites

• From Invariants to Emerging Patterns
– Finding Key Mutation Sites

• From Invarians to Origin of Species
– Where do Polynesians come from

• From Invariants to “Guilt by Association”
– Predicting Protein Functions

• Invariants in Diseases
– Identifying ALL subtypes

Guest lecture for USP, 7/2/2007

Invariants in Evolution
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What is a domain

• A domain is a component of a protein that is self-
stabilizing and folds independently of the rest of 
the protein chain
– Not unique to protein products of one gene; can 

appear in a variety of proteins
– Play key role in the biological function of proteins
– Can be "swapped" by genetic engineering betw

one protein and another to make chimeras
• May be composed of one, more than one, or not 

any structural motifs (often corresponding to 
active sites)
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Discovering Domain and Active Sites

• How do we find the domain and associated active 
sites in the protein above? 

>gi|475902|emb|CAA83657.1| protein-tyrosine-phosphatase alpha 
MDLWFFVLLLGSGLISVGATNVTTEPPTTVPTSTRIPTKAPTAAPDGGTTPRVSSLNVSSPMTTSAPASE 
PPTTTATSISPNATTASLNASTPGTSVPTSAPVAISLPPSATPSALLTALPSTEAEMTERNVSATVTTQE 
TSSASHNGNSDRRDETPIIAVMVALSSLLVIVFIIIVLYMLRFKKYKQAGSHSNSFRLPNGRTDDAEPQS 
MPLLARSPSTNRKYPPLPVDKLEEEINRRIGDDNKLFREEFNALPACPIQATCEAASKEENKEKNRYVNI 
LPYDHSRVHLTPVEGVPDSHYINTSFINSYQEKNKFIAAQGPKEETVNDFWRMIWEQNTATIVMVTNLKE 
RKECKCAQYWPDQGCWTYGNIRVSVEDVTVLVDYTVRKFCIQQVGDVTNKKPQRLVTQFHFTSWPDFGVP 
FTPIGMLKFLKKVKTCNPQYAGAIVVHCSAGVGRTGTFIVIDAMLDMMHAERKVDVYGFVSRIRAQRCQM 
VQTDMQYVFIYQALLEHYLYGDTELEVTSLEIHLQKIYNKVPGTSSNGLEEEFKKLTSIKIQNDKMRTGN 
LPANMKKNRVLQIIPYEFNRVIIPVKRGEENTDYVNASFIDGYRRRTPTCQPRPVQHTIEDFWRMIWEWK 
SCSIVMLTELEERGQEKCAQYWPSDGSVSYGDINVELKKEEECESYTVRDLLVTNTRENKSRQIRQFHFH 
GWPEVGIPSDGKGMINIIAAVQKQQQQSGNHPMHCHCSAGAGRTGTFCALSTVLERVKAEGILDVFQTVK 
SLRLQRPHMVQTLEQYEFCYKVVQEYIDAFSDYANFK 
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In the course of evolution…
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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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A Twist in the Tale: 
From Invariant to 
Emerging Pattern
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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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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 

Invariant as Emerging Pattern

Exercise: Why?
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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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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

Exercise: Why do you need this 2-way expt?

Guest lecture for USP, 7/2/2007

From Invariant to 
Origin of Species

150000
years ago

100000
years ago

50000
years ago

present

African Asian Papuan European

Root 
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Origin of Polynesians

• Do they come from Asia or America?

189, 217, 247, 261

189, 217

189, 217, 261
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In the course of evolution…
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Origin of Polynesians
• Common mitochondrial 

control seq from 
Rarotonga have variants at 
positions 189, 217, 247, 
261. Less common ones 
have 189, 217, 261

• Seq from Taiwan natives 
have variants 189, 217

• Seq from regions in betw
have variants 189, 217, 
261. 

• More 189, 217 closer to 
Taiwan. More 189, 217, 261 
closer to Rarotonga

• 247 not found in America
⇒ Polynesians came from 

Taiwan!

• Taiwan seq sometimes 
have extra mutations not 
found in other parts

⇒ These are mutations that 
happened since 
Polynesians left Taiwan!

Guest lecture for USP, 7/2/2007

From Invariant to Guilt by Association
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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

• Protein performs a 
wide variety of 
activities in the cell
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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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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
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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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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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Homologs obtained by BLAST

• Thus our example sequence could be a protein 
tyrosine phosphatase α (PTPα)
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What if there is no sequence homology?

Guilt by association of other invariants of 
evolution!

Guest lecture for USP, 7/2/2007

Guilt by Association of 
Other Invariants of 

Evolution!

Image credit: www.comstock.com
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Dissimilarities as Invariant!
orange1 banana1 …

apple1
Color = red vs orange
Skin  = smooth vs rough
Size = small vs small
Shape = round vs round

Color = red vs yellow
Skin = smooth vs smooth
Size = small vs small
Shape = round vs oblong

…

apple2
Color = red vs orange
Skin  = smooth vs rough
Size = small vs small
Shape = round vs round

Color = red vs yellow
Skin = smooth vs smooth
Size = small vs small
Shape = round vs oblong

…

orange2
Color = orange vs orange
Skin = rough vs rough
Size = small vs small
Shape = round vs round

Color = orange vs yellow
Skin = rough vs smooth
Size = small vs small
Shape = round vs oblong

..

… … … …
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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

• ROC: The area under the curve derived from 
plotting true positives as a function of false 
positives for various thresholds
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Phylogenetic Profiles as Invariant

• A protein is not alone when performing its 
biological function

⇒ Gene (and hence proteins) with identical patterns 
of occurrence across phyla tend to function 
together
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Phylogenetic 
Profiling:

How It Works
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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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Invariants in 
Diseases
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• The subtypes look similar

• Conventional diagnosis
– Immunophenotyping
– Cytogenetics
– Molecular diagnostics

Childhood Acute Lymphoblastic Leukemia
• Major subtypes: T-ALL, 

E2A-PBX, TEL-AML, BCR-
ABL, MLL genome 
rearrangements, 
Hyperdiploid>50

• Diff subtypes respond 
differently to same Tx

• Over-intensive Tx
– Development of 

secondary cancers
– Reduction of IQ

• Under-intensiveTx
– Relapse
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Massive Gene Expression Profiling
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Subtype Diagnosis by Gene Expression

• Gene expression data collection

• Gene selection by χ2

• Classifier training

• Apply classifier for diagnosis of future cases
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Signal Selection Basic Idea

• Choose a signal w/ low intra-class distance
• Choose a signal w/ high inter-class distance
⇒ Invariants which are emerging patterns

Guest lecture for USP, 7/2/2007 Copyright 2007 © Limsoon Wong

Clustering by Gene Expression Profiles
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Impact
Conventional Tx:
• intermediate intensity to 
everyone
⇒ 10% suffers relapse
⇒ 50% suffers side effects
⇒ costs US$150m/yr

Our optimized Tx:
• high intensity to 10%
• intermediate intensity to 40%
• low intensity to 50%
• costs US$100m/yr 

•High cure rate of 80%
• Less relapse

• Less side effects
• Save US$51.6m/yr

Guest lecture for USP, 7/2/2007

What have we learned?
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What have we learned?
• Paradigms

– Invariants
– Emerging patterns
– “Guilt by association”

• Applications
– Active sites and key 

mutations
– Origin of species
– Protein functions
– Disease diagnosis

• Techniques
– Sequence comparison
– Multiple alignment
– Machine learning
– Signal processing

• Miscellaneous
– Microarrays
– Economic of 

bioinformatics
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