CS2220: Introduction to Computational Biology
Lecture 6: Sequence Homology
Interpretation

Very Brief Recap of
Sequence Comparison/Alignment

@NUS
Sequence Alignment —

L + I
TELTSIET

Sequence V

* Key aspect of seq
comparison is seq
alignment

mismatch

* A seq alignment
maximizes the
number of
positions that are in
agreement in two
sequences
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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
— SVM-Pairwise
— Protein-protein interactions

* Key mutation site discovery
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Motivations for Sequence Compariset

* DNA is blue print for living organisms

= 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

* Foundation for inferring function, active site, and
key mutations
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NUS
Sequence Alignment: Poor Exampte’*

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

aligmment by FASTA of the sequencas of amicyanin and demain 1 of
‘escorbate oxidase

5 e SATFLTEVEAGS ERRGIANTE

L w k) B AR b

No obvious match between
Amicyanin and Ascorbate Oxidase
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BNUS
Sequence Alignment: Good Exampt&=—

* Good alignment usually has clusters of extensive
matched positions

= The two proteins are likely to be homologous

’_>gi\1347673llreflm’ 108301.11  unknown protein [Mesorhizobium lati]
£i1140274931dbj IBABS3762.11  unknown protein [Mesorhizobium loti]
Length = 105

Score = 105 bits (262), Expect = le-22
ldentities = 61/106 (57%), Positives = 73/106 (68%), Gaps = 1/106 (O%)

Query: 1 MKPGRLASTALAIIFLPMAVPAHAATIE ITMENLY [ SPTEVSAKVGDTIRWWNKDVFAHT 60
GL + MA PA AATIE+T++ LV SP V AKVGDTI WYN DV AHT
Shict: 1 MKAGALIRLSWLAALAIMAAPAAAATIEVTIDKLVFSPATVEAKVGDTIEWWNNDYVAHT 60

good match between
Amicyanin and unknown M. loti protein
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Application of
Sequence Comparison:
Guilt-by-Association

11

NUS
Function Assignment to Protein Sequence

SPSTNRKYPPLPVDKLEEE INRRMADDNKLFREEFNALPACP IQATCEAASKEENKEKNR
YVNILPYDHSRVHLTPVEGVPDSDY INASF INGYQEKNKF I AAQGPKEETVNDFWRMIWE
QNTAT IVMVTNLKERKECKCAQYWPDQGCWTYGNVRVSVEDVTVLVDYTVRKFC 1QQVGD
VTNRKPQRL I TQFHFTSWPDFGVPFTP I GMLKFLKKVKACNPQYAGA I VVHCSAGVGRTG
TFVVIDAMLDMMHSERKVDVYGFVSRIRAQRCQMVQTDMQYVFIYQALLEHYLYGDTELE
vT

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

ENUS
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
gil 126467 FHFTSWPDFGVPFTF IGHLKF LKKVEACNP--QTAGAIVIHCS AGVGRTGTFVVIDANLD
gi|Z499753 FHF TGWPDHGVFYHATGLLSF IRRVELSNP-~-FP3AGF IYVHCS BGAGRTGCYIVIDINLD
oil 462550 THYTQWPDHGVPEYALFVLTFVRRSSALRN--PETGFVIVHCS AGVGRTGTYIVIDINLQ
oi|Z499751 FHFTSWPDHGVFDTTDLLINFRYLVED THRQSPPESF ILVHCSAGVGRTGTFIAIDRLIY
gi| 1709206 FQFTAWPDHGVPEHF TFFLAFLRRVKTCNP--FDAGF MY VHCS AGVGRTGCF IVIDANLE
gi] 126471 LHFTSWEPDFGVPF TP IGMLEF LKKVETLNP--VHAGP IWVHCS AGUVGRTGTF IVID AMMA
gi| 548626| FHF TGWPDHGVPVHATGLLSF IRRVELSNP--PSAGP IWVHCS AGAGRTGCYIVIDIMLD
gi] 131570] FHF TGWPDHGVP VHATGLLGF VR [AGPLUVHCSAGAGRTGCFIVIDIMLD
gi|2144715 FHFTSWPDHGVPDTTDLL INFRYLVRD YHEQSPPESP INVHCS AGUGRTGTFIAIDRLIY
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Conserved sites
Copyright 2011 © Limsoon Wong

0|

A proteinis 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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NUS
Invariant and Abductive Reasoning”“=

* Function is determined = Abductive reasoning
by 3D struct of protein & — If those invariant
environment protein is in properties are seenin a
protein, then the protein
is homolog of this protein
« Constraints imposed by
3D struct & environment
give rise to “invariant”
properties observed in

Entailment A 2 B

. . Hypothesis/ Observation/
proteins having the FactA Conclusion B
ancestor with that
function

= “Guilt by association”
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* Compare the target sequence T with sequences
Sy, ..., S, of known function in a database

Guilt-by-Association

* Determine which ones amongst S, ..., S, 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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BLAST: How It Works @Q_U_S.

Altschul et al., IMB, 215:403--410, 1990

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

find segs with

e ]

C & |

[ & ]

[ @& |
find from db seqs  — TN
with short perfect

matches to query
seq

Exercise: Why do we need this step?
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@NUS
Example Alignment with PTPa ~"=

Scaze — 632 bits {1624}, Expect — e-130
leatitics = J04/M00 {0}, Fusiliver = 2047002 {0k}

Pucry. | GFSINHKEFFLEYDRLEEE INRRIADRLE REEF NALE ALY IQNICEAUOOD0U0R. 60
SPITHRXEPPLFVILEEE INFFAADDNIL FREEFNAL PACE IQATCEALT E
Fhjict- AN EFEINRERFR S WIRLERE | NRRIAIS ] FHEERRALE A 1T EARSK EENEE R A1

Guury: €1 YWHILP THAZFI TAAPREETVRIFVRUINE 120
TYMILI THOSRATILTT YR TED Y [ RAST THGT/ERNET T AXPT FEETYND FYEM WG
Shict: 262 ¥YMILIYDLESEVLL T VEGYI'DSDY | RASE | BUYDREHELY L AMGL KR TVRIERRILLEE 321

Query: [21 QNUATL VR INLCHER BRSO WE G WM VYV EDY TVLYDCLVENHC 10w 150
ONTATTVWETVI FRRERIHL, WWT TV ULETVRERCIC) W
Ehyut: 322 ONTATIVETINLEEREECRCAOYWPIMGCYT TYLVDTIVERFCICOWE 351

Query: 151 VINRRMRLITOFIFTSNTOFCTFIT ICMLITLEEVEACKTYTACA IVVIIC SACVCRTC 24U
VTNERFORLITOFRFTANPOFAVPFTT T XFT XEVEACHFUOTATA [ WVAC SATRIRT
Shjct: 252 VINEFIMRLITOFIFTENTDFCUVTIFIT ICMLICLIVEACKIITACA [VVIT SATWRTG 441

Query: 241 TFTVIDAN QTIME)YVEF I F)ALL EIIFLECDTELE 30U
TEVY AR IHEERE VIV ATV ER TRARC BV TORVE | WAL EHY L RHITEL E
Zhact: M2 TIVVINAN GV R OMFRTINE) YT 1 TOALL ETIVLECDTILE U1
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BNUS
Guilt-by-Association -

Compare T with segs of
known function in a db
- = The two proters are likely 1o be homologous

‘ Poor Sequence Alignment - -

Good Sequence Alignment

« Good alignment usually has chisters. of
extensve malched postions

* Poof seq alignment shows few malched postons,

g by PASTA ot P i o sy s i | 25
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2NUS

. v
Homologs obtained by BLAST ==
Score E
al 4 H (pits) Value
@il14193 7291 g | AAKSE109, 1IAFIIZ08] 1 protein cyrosin phosph... G208 e-177
@il 126467101 P19433 | PTRA HUNAN Protein-tycosine phosphatase... oM e-177
5063031cef 2 protein tyrosine phosphatase, £... SzdB e-176
22 ] protein Tyr phosphatase e-174
8450 L a] protein tyrosine phosphatase, ... e-174
ail32087 emb]l CARIT447.1 tyrosine phosphatase precursor [H e-174
QAl2851131picl IJC1288 protein-tyrosine-phosphatase (EC 3.1 =174
@AL6F814496 retINP_036895,11 protein tyrosine phosphatase, e-176
FAI209890 pdR  AYFOLA Chain A, Recepror Proteim Tyrosine P e-1T
e=174

wil CAADG62, 11 proteln-tyrosine phosphatase [Homo

g protein tyrosine phosphatase i
sphatase,
watase alph

&-172

¢ Thus our example sequence could be a protein
tyrosine phosphatase o (PTPa)
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NS
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

Copyright 2011 © Limsoon Wong
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¢ Suppose you areinaroom <« Q: What is the prob that
with 365 other people there is a person in the

room having the same

birthday as you?

Law of Large Numbers

* Q:What is the prob that a

specific person in the + A:1-(364/365)%°=63%
room has the same
birthday as you? * Q:What is the prob that

* A:1/365=0.3% there are two persons in
the room having the same
birthday?

* A:100%

Copyright 2011 © Limsoon Wong
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BENUS

* One fourth of all residues in protein seqs occur in
regions with biased amino acid composition

« Alignments of two such regions achieves high
score purely due to segment composition

Effect of Seq Compositional Bias

= While it is worth noting that two proteins contain
similar low complexity regions, they are best
excluded when constructing alignments

« E.g., by default, BLAST employs the SEG algo to
filter low complexity regions from proteins before
executing a search

Source: NCBI
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NS
Interpretation of P-value -

* Seq. comparison progs, « Suppose the P-value of an

e.g. BLAST, often alignment is 10-¢

associate a P-value to

each hit « If database has 107 seqs,
then you expect 107 * 106 =
10 segs in it that give an

¢ P-value is interpreted as .
equally good alignment

prob that a random seq

has an equally good

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

Exercise: Name a commonly used method

Note:P=1-¢E for correcting p-value for a situation like this

Copyright 2011 © Limsoon Wong

« Roy Sullivan, a former park ranger from Virgina,
was struck by lightning 7 times

— 1942 (lost big-toe nail)

Lightning Does Strike Twice!

— 1969 (lost eyebrows) v,

— 1970 (left shoulder seared) ‘._‘-_4'
- 1972 (hair set on fire) &

— 1973 (hair set on fire & legs seared) \(W
— 1976 (ankle injured) J\_ 4/
— 1977 (chest & stomach burned) 4-"/

* September 1983, he committed suicide  cartoon: Ron Hipschman

Data: David Hand
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NS
Effect of Sequence Length —

sequenee identity (1), %

L]
sequence leagth (L)
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Examples of Invalid Function Assignment: E-IE

The IMP Dehydrogenases (IMPDH
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e
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—— s e (P |
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s i v
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TESOI ST Aehareghios Mg L S ot CEHIROASE CUARD HE_ G0 e momgipia
ey g ks
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in complete genomes remaining in some el
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Invalid Transitive Assignment """

Root of invalid transitive assignment

Bt teme md(_u_pu-_ggl!gﬂm:ﬂg! PR Prkieber W3 Al 0N mL:

CENN) S g i Py b Prekiges: 10 4703 1010175 (1M | e |

Prikigae 91 Fiel) 1AL (|E | —

I

I I FEN——p—— Y W PR TUSTY T VTR o —

)| e srey gy ambimbant A Mg gt Arhas W1 ARl 0 ATTIE O | e
Cazdfr rassn L Metmerscin jenuchs ke (MY || L0899 MBI 3 a—]
roum R T ) —
g 1 AP R e -l
B (SF001255)
g . == =
/ 7
. . [ 1
Mis-assignment A iFozazas)
of function No IMPDH domain”
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Application of
Sequence Comparison:
Active Site/Domain Discovery

s
Gy

o

e

=

== IMPDH Misnomers in Archagoglobus fulgidus

P
o

b =——

o SRS =

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

Copyright 2011 © Limsoon Wong

Emerging Pattern
Typical IMPDH

Functional IMPDH w/o CBS

e e

a0 R —
S -~

e “SEreiTSisisisy = % (&= IMPDH Misnomer in Methanococcus jannaschii

R - &=

S, s g ™ == IMPDH Misnomers in Archasoglobus fulgidus
e » =

¢ Most IMPDHs have 2 IMPDH and 2 CBS domains
* Some IMPDH (E70218) lacks CBS domains
= IMPDH domain is the emerging pattern

Copyright 2011 © Limsoon Wong

Spus
Discover Active Site and/or Domais” “==

* 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 )
Exercise: Why?

Copyright 2011 © Limsoon Wong




In the course of evolution...

/

Copyright 2011 © Limsoon Wong

Multiple Alignment of PTPs

gi]126267| FHF TSWPDFGVPF TP IGMLEF LKKVEACHP-~QY AGATVVHCS RGVGRTGTFWVID ANLD
12299753 FHF TGUPDHGVPYHATGLLSF IREVKLSNP--PSAGP IVVHCS AGAGRTGCYIVIDINLD
oi]462550] THYTQUP DHGVPEYALPVLTFVRRSSALRN-~PETGPVLVHCS AGVGRTGTY TVIDSNLQ
112299751 FHF TSWPDHGVPD TTDLL INFRVLVRD THKQSPPESP ILVHCS AGVGRTGTF TATDRLTY
gi| 1709506 FQF TAWPDHGVPEHP TPFL AF LRRVKTCHP-~PDAGPNVVHCS RGVGRTGCF TVIDANLE
ail 126471 LHF TSWPDFGVPF TP IGHLKF LKKVKTLNE - ~VHAGP TVVHCS AGVGRTGTF TVID ANMA
oil 548628| FHF TGWPDHGVPYHATGLLEF IRRVKLENP-~PSAGP IVVHCE AGAGRTGCYIVIDINLD
il 131570] FHF TGUP DHGVPYHATGLLGF VR —~FNAGFLVVHCH AGAGRTGCFIVIDINLD
oil2144715 FHF TSWPDHGVPD TTDLLINFRYLVED YHROSPPESP ILVHCS AGVGRTGTFIAIDRLIY
TR i L ermEns wmes, %o,

* 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?

35

Phylogenetic Profiling @g—s

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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NUS
What if there is no useful seq homolS8g§%~

* Guilt by other types of association!
— Domain modeling (e.g., HMMPFAM)
v Similarity of phylogenetic profiles
v Similarity of dissimilarities (e.g., SVM-PAIRWISE)
— Similarity of subcellular co-localization & other
physico-chemico properties(e.g., PROTFUN)
— Similarity of gene expression profiles
v Similarity of protein-protein interaction partners

— Fusion of multiple types of info

Copyright 2011 © Limsoon Wong

= ™| NUS
= [} T

R g1 7N |
) ]
| = :| m ,..//J B ashntis gy
(L —

ol w0 W iaftimese. M1}

Phylogenetic
Profiling:
How it Works

[ Comchasion: 71 i #7 e fomsiomally lished ]
1 e oty ik
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@NUS
Phylogenetic Profiling: P-value ==

The panibabiliky of oo by raocs 2 pouveos of goees X aod ¥ o s
of & limsags, givn thet X' cooom in @ Goesges wud 1 o 5 linewgess s

P{sf, 2, = 22

W
(N)
Wy =
No. of ways to distribute z a
co-occurrences over N X—= & —x
= = [ ®
a—e §—

lineage's /

No. of ways to distribute

the remaining x—zandy -z
occurrences over the remaining
N -z lineage's

3
i

N & L. «__ No.of ways of
x B “distributing X and Y

over N lineage's
without restriction
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Phylogenetic Profiling: Evidence@g_u—s-

Wau et al., Bioinformatics, 19:1524--1530, 2003

hamming distance y v A
= #lineages X occurs + JKEGG
#lineages Y occurs — 0coG

2 * #lineages X, Y occur

i,
¥

in KEGG/COG

i
ey CE LA AL P L e e o e

fraction of gene pairs
having hamming distance D
and share a common pathway

5 0 15 M 3’ M B
hamming distance (D)

* 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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@NUS
SVM-Pairwise Framework —

Training Training Features
Data
i R Support Vectors
s1 Generation Sy f f . Training port Vect
s2
S s s fee (Radial Basis
s3 Sy fa fu T Function Kernel)
| >
fy,is the local — [ =+ -
alignment score
between S; and S,
Testing Testing Features
Data Feature S S, S
mn Generation Tty f f o Classification
— R, __ Classification
T2 T, ot f o
™ Tt
L
,, is the local

alignment score
between T, and S,

Image credit: Kenny Chua
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. : . BNUS
Phylogenetic Profiles: Ewdence@::*
Pellegrini et al., PNAS, 96:4285--4288, 1999
No. of non- Na. Mo

homologous  Deighibers  neighbers
proteinsin im keyword  in random

Revword group roup group
Ribesome 6 19T 27
Transeripton 36 17 16
IRNA syntlase and ligase 26 1 5
Membrane proteins® 25 & 5
Flagellar 21 & 3
Jron, fersie, end ferritin L 3 -
Galaciose metabolism 18 R} z
Molybdoterin and Kolybdenom,
and malybdoterin 12 & 1
Hypoihetivalt L4 1822 8440

« E. coli proteins grouped based on similar keywords
in SWISS-PROT have similar phylogenetic profiles
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TONUS
Guilt by Association of Dissimilarities™===

ol |

other fruits

“unknown” is
an “apple”!

Lo
P
Differences i
of *unknown” ’ranne, Banana,
. T
to other fruits

Shape = round vs round

Color = red vs yellow

are same as Apple; Color = red vs orange
« . - Skin = smooth vs rough Skin = smooth vs smooth
apple” to e Size = small vs small Size = small vs small

Shape = round vs oblong

Orange,

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

Unknown,

=

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
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- mENus

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.

Mo of s at pues peromance

W of rmibes wh reen permance




Protein Function
Prediction
from Protein Interactions

Yir2de .\

Yvsl6T . =
Yachd @
Yrl w g

Yprisiwe
Hdol e

+ Remove overlaps in level-1
and level-2 neighbours to
study predictive power of
“level-1 only” and “level-2
only” neighbours

« Sensitivity vs Precision
analysis

K K
ki

PR = Z'.( ul SN :7Z'K !
z, m; Zi n

« n,is no. of fn of protein i

« mis no. of fn predicted for
protein i

+ kiis no. of fn predicted
correctly for protein i

An illustrative Case of
Indirect Functional Association?

SH3 Proteins

Frecison

45

B

SH3-Binding

Proteins
e Las17
7o YpriTiw
-~ 2@ Acl2

= g YW

¢ Is indirect functional association plausible?
« Is it found often in real interaction data?

* Can it be used to improve protein function
prediction from protein interaction data?
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NUS
Prediction Power By Majority Voting” =

Fraciabon VS Recsll

05 a81n
&

03 &
2
s
0z LI %
o a
L
“ i %M
o . + . .
L) oz o o a8 1

Resall
= “level-2 only” neighbours
performs better
= L1 N L2 neighbours has
greatest prediction power
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=NUS
Functional Association Thru Interactisfis—

+ Direct functional association:
— Interaction partners of a protein \
are likely to share functions w/ it
— Proteins from the same .1\.
Level-2 neighbour
/a g

Level-1 neighbour

pathways are likely to interact
» Indirect functional association

— Proteins that share interaction
partners with a protein may also
likely to share functions w/ it

— Proteins that have common Do
biochemical, physical properties © °
and/or subcellular localization ~o
are likely to bind to the same
proteins
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oNUS
Freq of Indirect Functional Associat

[ T
YIR091C | YIR300C

T 1
veLaon | [verossc || vimiorc
(ses | | piea iow s || s
oS ois.1a
Vs
Wl | [om
e Ay )
VeLosew || verzsan I+ | ',u.njr...n.m wih }'.u-,....
oy Tioao3
[ [
13 . N 5
119 _evel-] neighbours exchsively 016338
ol 2 neighbores enchusively 22657
I T el-1 and Level 2 nsaghboues AEI080 f
YBRO23C YBLO61C YLR14C Favml] ar Tavel.? neighhonre MRETY
Voo e i !
[P 1os's
ity [y
[ho B
16iss [
e [

YKLOOGH

T [
1211
YOR312C lessis veLioaw | [ yoLosic YPLO13C
[Peies i 12.11 141 112,10
- 2,11 142.16
2.

116193 Source: Kenny Chua
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Functional Similarity Estimate: @y___g_s_.
Czekanowski-Dice Distance
* Functional distance between two proteins @un .20
N,AN
D(u,v):—‘ /AN, .
[Ny ON|+N, AN, | o

« N, is the set of interacting partners of k .
« XAY is symmetric diff betw two sets X and Y,
« Greater weight given to similarity

= Similarity can be defined as
2X

S(u,v)=1- D(u,v):m
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Functional Similarity Estimate: @g_ué
FS-Weighted Measure
* FS-weighted measure

2N, NN,| 2N, NN,|
X
N,|+2N, AN [N, =N, [+2N, AN,|

S(U'V)Z\N -

« N, is the set of interacting partners of k
« Greater weight given to similarity

= Rewriting this as

S(uv)= 2X 2X

—x—
2X+Y 2X+Z

51

@NUS
Reliability of Expt Sources -

« Diff Expt Sources have diff | source Reliability
reliabilities
— Assign reliability to an
interaction based on its
expt SOUICES (Nabieva et al, 2004) Biochemical Assay 0.666667
* Reliability betw u and v

Affinity Chromatography 0.823077

Affinity Precipitation 0.455904

« r;is reliability of expt

source i,

* E,, is the set of expt

Dosage Lethality 0.5
computed by:
Purified Complex 0.891473
ru A% _1_ I I (1_ r-|) Reconstituted Complex 0.5
ieE, Synthetic Lethality 0.37386

Synthetic Rescue

1

Two Hybrid

0.265407

sources in which
interaction betw u and v is
observed
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58]
BENUS

* Equiv measure shows improved correlation w/
functional similarity when reliability of
interactions is considered:

Integrating Reliability

Neighbours [CD-Distance [FS3-Weight [FS-WeightR

=5 471810 498745 532596
B2 .324705 1208843 ATHT
P18z 224581 29629 363023
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NS
Correlation w/ Functional Similarity===—

« Correlation betw functional similarity & estimates

eighbowrs  |[CD-Distance  [FS-Weight

1 471810 408745
] 10.224705 298843
1 52 10.224381 20629

« Equiv measure slightly better in correlation w/
similarity for L1 & L2 neighbours

Copyright 2011 © Limsoon Wong

Functional Similarity Estimate: @E}-_"—%
FS-Weighted Measure with Reliability

¢ Take reliability into consideration when
computing FS-weighted measure:

2 Son 2 S
Sa(uv)= we(No, ) « welNgrN, )
[ S zru‘w(l—rv‘w)ju Sh [ S zrw(l—ru‘w)}2 oo
weN, N, we(N, AN, ) we(N, N, ) weN,~N, we(N, N, ) we(N, AN, )

* N, is the set of interacting partners of k
* 1, is reliability weight of interaction betw u and v

= Rewriting

S(uv)= 2X_ 2X
U2X4Y  2X+Z

5]

Improvement to %y_;_lﬁ
Prediction Power by Majority Voting
05
nas + Neighbour Counfing fwweight & 12| Considering only
& Neighbour Counling Awweights: neighbours w/ FS
0.4 . o Neighbour Counting weight >0.2
035
c 03 8 .
G
§ oz o
& g2 Toe s
.15 n“‘%g; .
0.1 ’}‘.
005 +.‘+‘r
il
o 0z 04 08 osg 1
Recall
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Improvement to ONUS
Over-Rep of Functions in Neighbours
e St e 03
E § A Pary a EE o5ty &2
5 T
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5]

DNUS
Performance of FS-Weighted Averagi#ig—

* LOOCV comparison with Neighbour Counting,
Chi-Square, PRODISTIN

Informative FCs

9
0.9 7% ot
0.8 ey a FRODISTIN
1 * = FunctionalFlow
0.7 ke « FS Weighted Avg
0.8, "
& *
205 *
x
& 0.44x .
e, © x
0.3 T L
0.2 -xh,,r;;%% %,
g, s
i,
0 0ot S g
0 01 02 03 04 0.5 06 07 08 08 1
Recall
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Application of
Sequence Comparison:
Key Mutation Site Discovery

/

56
oNUS
Use L1 & L2 Neighbours for Predict

¢ FS-weighted Average

)= ;[m -3 [sututun: stm(u.w)a(w,x)ﬂ
veN, weN,
« 1, is fraction of all interaction pairs sharing function
« A is weight of contribution of background freq
« 3(k, x) = 1 if k has function x, 0 otherwise
« N, is the set of interacting partners of k
« x, is freq of function x in the dataset

« Zis sum of all weight:
fsm(u,vn 5 Snfuw)

Z=1+Y
weN,

veN,
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SNUS
About the Inventor: Chua Hon Nia¥=—

¢ Chua Hon Nian

— PhD, NUS, 2008

— Postdoc at Harvard
& Univ of Toronto

— 49t hottest paper in
Computer Science
published in 2006

— Winner, DREAM2
challenge PPI
subnetwork, 2007
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Identifying Key Mutation Sites @E‘LE

K.L.Limetal., JBC, 273:28986--28993, 1998

Sequence from a typical PTP domain D2

+41| 00000| PTPL-D2

EEEFERL TS IXICHD EBRTGHL PANEEEHRVLOI LPYEFHRV I IPVRRGEENTD FVHASE
IDGYRQEDSYIASOGRLLETIEDFHRBIBEURSCS IVEL TELEERGQERCAQYHRSDOLY
SYGDLTVELEREEECES TTVRDLLV THTRENRS RO T ROF B BGHPEVG L PSDGRGHIS I T
A RO G I TVEC S AGLGRTGTY C AL S TVLE RVEALGI LIV QTVESLRLORPE
EOTLEQYEFCYRVVOET IDAFSDTANFR

« 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?

Copyright 2011 © Limsoon Wong

10



61
s
Emerging Patterns of PTP D1 vs -

¢ 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

Copyright 2011 © Limsoon Wong
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2@NUS
Key Mutation Site: PTP D1 vs D27

2 1 2 2 7 2 22

1|00000| P [)) QFRFEGUPEWGIPSDGKGHISIIAAVQKQQQQ-SGNHP ITVHCSAGAGRTGTFCALSTVL
il 126467 FHF TSP DF GVPF TP IGHLKF LKKVEACHP - QY AG A TVVHCS AGVGRTGTF VY 1D AML
oi|2499753 (gFHFTGWPDHGVPYHATGLLSFIRRVKLSNP**PSAGP IVVHCSAGAGRTGCYIVIDINL
oi|462550] OYHYTQUPDMGVPE FALPVL TFVRRSSLARM--PETGPVLVHCBAGVGRTGTYIVIDSHL
oi| 2499751 FHF TSUFDHGVFD TTDLL INFRYLVRD YHKQSPFESF ILVHCS AGVGRTGTF IAIDRLT
gi| 1709906 QFQF TRWPDHGVPEHPTPFL AF LRRWETCHP -~ PDAGPMVVHCSAGVGRTGCF TV IDANL
oil126471] QLHF TSUPDF GVPF TP IGHLKF LKKWETLNP - ~VHAGP IVVHCSAGVGRTGTF IV ID AMK
oi|548626] OFHF TGUFDHGVPYHATGLLSF IRRVELSNF -~PSAGP IVVHCSAGAGRTGC YIVID INL
gi|131570] QFHF TGUPDEGVPYHATGLLGFVRQWESKSF - - PNAGPLVVHCSAGAGRTGCF TVID INL
oi|2144715 \QFHF TSUPDEGVPDTTDLL INFRYLVRD YHKOSPPESP ILVHCS AGVGRTGTF IAIDRLT

*

* Positions marked by “!” and “?” are likely places
responsible for reduced PTP activity
— All PTP D1 agree on them
— All PTP D2 disagree on them

Copyright 2011 © Limsoon Wong
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BNUS
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?

Copyright 2011 © Limsoon Wong
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B
Emerging Patterns of PTP D1 vs -

This site is consistently conserved in D1,
but is not consistently missing in D2

= itis notan EP
= not a likely cause of D2’s loss of function

D1 Exercise: Why?

This site is consistently conserved in D1,
but is consistently missing in D2
=itisan EP

absent => possible cause of D2’s loss of function

X - present

Copyright 2011 © Limsoon Wong
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BN

e
e

Key Mutation Site: PTP D1 vs D

?
gi|00000|P )2 OFHFHGE

gi| 126467] OFHF TSR
gi|2499753

gi|462550] QYHYTQUPD
gi|2499751 QFHF TSWPDHGVPDTTDI
gi| 1709906 [)]{ QFQFTAWPDHGVPEEPTI
gi|126471] OLHF TSWPDFGVPFTP It
gi| 545626] QFHF TGWPDHGVPTHAT
gi]131570] QFHF TGWPDHGVPTHAT:
gi|2144715 QFHF TSWPDHGVPDTTD]

ﬁ wE, EE

* Positions marked by “!” are even more likely as 3D
modeling predicts they induce large distortion to
structure
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SNUS
About the Inventor: Prasanna Kolat

* Prasanna Kolatkar
— Research Fellow,
BIC, NUS, 1997-
1999
— Currently Group
Leader at GIS
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Concluding Remarks

Any Question?

/1
BENUS
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What have we learned?

* General methodologies & applications
— Guilt by association for protein function inference
— Invariants for active site discovery
— Emerging patterns for mutation site discovery

« Important tactics
— Genome phylogenetic profiling
— SVM-Pairwise
— Protein-protein interactions
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