Guilt by Association:
A Tutorial on Data Mining Techniques
for Protein Function Inference
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Protein Function Prediction:
Motivation & Challenges

e A proteinis alarge
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 Seq -

SPSTNRKYPPLPVDKLEEE INRRMADDNKLFREEFNALPACP I1QATCEAASKEENKEKNR
YVNILPYDHSRVHLTPVEGVPDSDY INASF INGYQEKNKF I AAQGPKEETVNDFWRMIWE
ONTAT IVMVTNLKERKECKCAQYWPDQGCWTYGNVRVSVEDVTVLVDYTVRKFCIQQVGD
VTNRKPQRL ITQFHFTSWPDFGVPFTP I GMLKFLKKVKACNPQYAGAIVVHCSAGVGRTG
TFVVIDAMLDMMHSERKVDVYGFVSRIRAQRCQMVQTDMQYVFI1YQALLEHYLYGDTELE
VT

« How do we attempt to assign a function to a new
protein sequence?
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An Early Example of Seq Analysis ——

Source: Ken Sung

* Doolittle et al. (Science, July 1983) searched for
platelet-derived growth factor (PDGF) in his own
DB. He found that PDGF is similar to v-sis
oncogene

PDGF-2 1 SLGSLTIAEPAMIAECKTREEVFCICRRL?DR?? 34
p28sis 61 LARGKRSLGSLSVAEPAMIAECKTRTEVFEISRRLIDRTN 100

="“Guilt by association” of sequence similarity!
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Guilt by Association
of Sequence Similarity

PDGF-2 1 SLGSLTIAEPAMIAECKTREEVFCICRRL?DR?? 34
p28sis 61 LARGKRSLGSLSVAEPAMIAECKTRTEVFEISRRLIDRTN 100

EBNUS
Guilt by Association: General Idea -'-“’"-5-""

 Compare the target sequence T with sequences
S, ..., S, of known function in a database

» Determine which ones amongst S,, ..., S, are the
mostly likely homologs of T

* Then assign to T the same function as these
homologs

e Finally, confirm with suitable wet experiments
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EBANUS
Guilt by Association of Seq Similarity "“*'"-"“"’

Compare T with segs of Good Sequence Alignment
known function in a db —

+ Good alignment usually has clusters of
extensive matched positions
= The two proteins are likely to be homologous

Poor Sequence Allgnment I il 13476732 xaf INP_106301. 11 wnkoown protain [Uesorhizobien lati]
— SIS Db BABSTTEL .11 asiwomn paotein (Nsshizsbion. 1o1i]
Length - 105
« Poor seq alignment shows few matched positions
= The two proteins are not likely to be homologous LT T T TR T e TR LT, o)
: M GL e A FaA AATIE+Tor LV 5P ¥ ARWGITI WVN DV AMT
Fajet: | WRAGALIRLEVLAALAL M APARMATIEVT IDELVFEPATVEARWITIEFVIRDVVANT 50

Alignment by FASTA of the sequences of amicyanin and domain 1 of i pre—
ascorbate oxidaso ot . .
Amicyanin and f wn M. loti protein

60 0 1) 90 160

nicyanin GEAAL TR

Racorbate Oxldase ILORGTIRADGTASTSOCATHPOETEPYRPTHINPGTPPYISH]MOREAGLYC!
70 80 50 100 110

No ublviuu: match between ASSign tO T same
Amicyanin scorbate Oxidase o
1 function as homologs

| |

Discard this function . ‘ :
as a candidate Confirm with suitable
wet experiments
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INUS
Seq Alignment &=

PDGF-2 1 SLGSLTIAEPAMIAECKTREEVFCICRRL?DR?? 34
p28sis 61 LARGKRSLGSLSVAEPAMIAECKTRTEVFEISRRLIDRTN 100

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

 Many implementations:
— Global vs local alignment
— Gapped vs ungapped
— Filtered vs unfiltered, ...
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* Poor seq alignment shows few matched positions
= The two proteins are not likely to be homologous

Alignment by FASTA of the sequences of amleyanin and domain 1 of
ascorbate oxidase

&0 70 L1 20 10
Amioyanin MPHNVHFVACGVLOERALHEGPMMEKBOAY S LTFTEAGTYDYHC TP HPPMRGHVVVE

T 80 g0 100 110

No obvious match between
Amicyanin and Ascorbate Oxidase

iz
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FINUS
Seq Alignment: Good Example

o S

* Good alignment usually has clusters of extensive
matched positions

= The two proteins are likely to be homologous

|_>gi|134?6'?32|r8f|ﬂP 108301.11  unknown proteln [Mesorhizobium loti]
2il140274931dbj IBAB53762.1]1  unknown protein [Mesorhizobium loti]
Length = 105

Score = 105 bits (262), Expect = le-22

Identities = 61/106 (57%), Positives = 73/106 (68%), Gaps = 1/106 (0%)
Query: 1| MKPGRLASIALAIIFLPMAVPAHAATIEITMENLY I SPTEVSAKVGDT [RWWNKDVEAHT &0
MK G L ++

MA PA AATIE+T++ LV 8P V AKVGDTI WWN DV AHT
MEAGALIRLSWLAALAI MAAPAASATIEVTIDELVF SPATVEAKVGDT IEWVNNDVVAHT 40

good match between
Amicyanin and unknown M. loti protein

Shict: 1

e EnT

INUS
Seq Alignment: Poor Example

hevozbate Oxidase ILQRGIFWADGTARISQCAINPCETFFYNFIVDNPGTPEYHGHLOMORERGLYGELI

Q

2
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BE & N
BLAST: How It Works :-_-_l_Jw:-g‘
Altschul et al., JMB, 215:403--410, 1990

e BLAST is the most popular tool for “guilt by
association” seq homology search

find seqs with
anking

>
Q
=]
3
)
=

find from db seqs
with short perfect
matches to query
seq

|

Exercise: Why do we need this step?
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:) NC B[ protein-protein B LAS rlj :ﬁ E-mlé

-
Translations Retrieve results for an RID|

MNucleatide " Pratein

NRYVHNILPYDHSRVHLTPVEGVPDSD Y INASF INGY QEKINEF LALQGPKEETVIIDFITR ’I ]

NIVEQNTATIVMUTNLEEREECECAQYUPDOGCWTY GV EVSVEDVTVLVDYTWREFC
Search | [QOVGDWINRKPORL ITQFHF TSWPDFGVPFTP IGHLKF LKEVEACNP QT AGAIVVHC [ £ ‘

SAGVGRTGTFVVIDAMLDMMHSERKVDWYGFVSRIRAQRCOMVOTDHQYVF ITQALLE [ ]

HYLYEDTELE 1+
et subsequence Feom: To
Choose database |nr E

Do CD-Bearch

AR ‘BLAS T! e messravar resoran
\

—
Options for advanc ed blasting

Limit. by entrez
Ut
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INUS
Homologs by BLAST e

Soore E
Sequences producing significant alignments: (bits) Value
il 14193720 | ogb| AAK56109.1]|AF332081 1 protein tyrosin phosph... =] : e-177
il 126467 sp|P15433 | PTRA HUMAN Protein-tyrosine phosphatase... 62I e-177
qi| 4506303 |ref|NP 002527 .1| protein tyrosine phosphatase, r... 62| e=176
gila27294 | prf] | 170153004 protein Tyr phosphatase 620 e=176
21118450360 | ref | NP _S43030.1] protein tyrosine phosphatase, szl e-176
i 32067 |emb | CAA3T7447.1| tyrosine phosphatase precursor [Ho... T L | e=176
gil285113 | pir||JC12685 protein-tyrosine-phosphatase (EC 3.1.... 619 e=176
gi| 6951446 |ref|NP 0365895.1| protein tyrosine phosphatase, r... 61: e-176
il 2095414 | pdb| 1¥FO| A Chain A, Receptor Protein Tyrosine Ph... Slﬂ e-174
il 323153 |emb | CALISE62 .1 protein-tyrosine phosphatase [Homo... 61 e-174
il 4505585 | gb| AARO4150.1 protein tyrosine phosphatase >gi|4... 505 e-172
gqi| 6672557 |ref|NP _033006.1] protein tyrosine phosphatase, r... 60- e-172
il 453922 | ol | AALITO90. 1] protein tyrosine phosphatase alpha 599 e-170

e Thus our example sequence could be a protein
tyrosine phosphatase a (PTPa)
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FINUS
Example Alignment with PTPa ——

Brore = 632 bits (1629, Expect = e-130
Idomtitics = 2045302 (O), Pocitivos = 2045302 (078

uery: 1 SPSTNRKYPPLPVDKLEEEINRRL[ADDNKLFREEF\IALPACP'QATEEMSW a0
SPETHRKYPRT PYTKT FRER TNRENWATIDNKT FREREF AP ACP "QATCRALS
shict: 202 SPSTNREKYPPLPVDELEEE INRRMADDNKI FREEFJAL FACP QA’IEEMSKEENKEKN‘R 261

Query: 61 YVNILPYDHSRVHLTPVEGVYPDSDY INASF INGTQIENKF [ AsQGPEEETYNDFWEMIWE 120
YW ILFYDHSRVHLTFVEGVED STV INASF I NGTQIKNEF | Aa0GFKEETVHDFWEMIVE
Shict: 262 YVNILFYDHRRVHLTPVEGVEDSDY INARF INGYQIKNEF [AaQGPREETVHDFUEMIVE 321

Query: 121 QNTATIVMVTNLEERKECKCAQTWPDQOCUTYONVRVRVEDY VLVDYTVREFC IQQVGD 180
QNTAT IVIMVTNLEEREECEC AQYWP DOGCWTYGHVAVEVEDV VLVDVTVERFC 1QQVGD

Bbict: 322 QNTATIVMYTNLEERKECKCAQTWPDQOCWTVGNVRYEVEDV VLVDYTVREFC IQOVGD 381

Query: 181 VINRKPJRLITQFHFTRWPDFGVPFTP IGMLEFLELVEACNPOTAGA I VVHC SAGVORTG 240
WINEEPJRLITQFHF TSWPDEGVEFTF IGMLEFLEXVEACNPOYAGA I VRHC SAGVGRTG
Sbicl. 382 VINRKPJFLITQFHF TRWFDFGVPFTF IGMLEFLECYEACHPOYAGS [ VVHC BAGVORTG 441

Query: 241 TFVVIDAMLDMMHSEREVDVIGFVSR IRAQRCOMYITDMOYYE I TQALL FHYLYGDTELE 300
TFYV I DANLDMMHSEREVD VY GF VSR I PAQRCOMVI TD MO YVF [ ¥ ALLEHYL YD TELE
Shict: 442 TFVVIDAMLDMMHIEREVDVIGFVIR I BAQRCOMVQTDMOYVE I TQALLEHYLYGDTELE 501
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Twists in the Tale
of Guilt by Association
of Seq Similarity




INUS
Seq Similarity: Caveats e

e Ensure that the effect of database size and other
biases 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 2008 © Limsoon Wong

G
Law of Large Numbers —

e Supposeyou areinaroom < Q:Whatis the prob that
with 365 other people there is a person in the
room having the same

¢ Q: What is the prob that a birthday as you?

specific person in the * Al 1-(364/365)%°=63%
room has the same
birthday as you? « Q: What is the prob that
e A:1/365=0.3% there are two persons in
the room having the same
birthday?
« A:100%

Copyright 2008 © Limsoon Wong
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. Mational Linkrsily
Interpretation of P-value -
e Seq. comparison progs, e Suppose the P-value of an
e.g. BLAST, often alignment is 106
associate a P-value to
each hit « If database has 107 seqs,

then you expect 107 * 106 =
10 seqgs in it that give an

e P-valueis 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!

Copyright 2008 © Limsoon Wong

G
Lightning Does Strike Twice! =

* 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

Copyright 2008 © Limsoon Wong
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EAINUS
Effect of Seq Compositional Bias ='"—=-‘“"

e 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

= 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

Copyright 2008 © Limsoon Wong

FINUS
Effect of Seq Length =
0 \ I l U-sets
i i .
% X Distribution of seq identity vs length

of unrelated proteins

L=157

HSSP(+3%)
tE

sequence identity (T), %

0

sequence length (L) Source: Abagyan & Batalov
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INUS
Seq Similarity: Caveats e

e Ensure that the effect of database size and other
biases 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 2008 © Limsoon Wong

B &
Examples of Invalid Function Assignment: E-lé
o Engepe

The IMP Dehydrogenases (IMPDH)

12 cames were found

HEQOLETIEE | Archasoglobus fulgdus

MEQO1EBZET |Archasoplobus fulgidus

HEQOLFTT 76 (Therma

MFQ0414705 Mcﬂmm&\em\o:ba&::r
R T ———

hTE i 143 1 Methamothemabastee

(65355 MIDESS homolog AFGEAT
ALT_NAMES: inseint-mensphosphate

| INOSTHE MONCPHOSPHATE

delgydrogenase (guab-1) homolog DEHYLROUEN ASE (GUAE-T)
(]

E42514 yheV homalog 1

ALT_NAMES: inosine-monophosphate {28162 THOSINE MONOPHOSPHATE
drhydrogenaas (gaaB-3) hamolag MEHYDROGENASE (GIAB-Z)
[mianamer]

public databases

P e e oa v ML L EVE Y {07204 THOETHE. 2 MONOPHOSPHATE

ALT_MAMES, mosing-mencphosphate DFHYTROGEN ASE RELATED PROTEIN ¥
genase celsted pootein ¥ ]

D035 MI1232 protemn homolog MTHL 26
ALT WS mosine-Femonophosphate 10126225 INOSTNE-2-MONOPHOSPHATE
& related protem VID DEHYDROCENASE RELATED PROTEIN VI

Iethansthermobacter
therrmnatolr ophicus

[HEOD4 14827

MEO0d 14060 Mehancthermobacter

[musromes]

EE92%2 M 22 S-related protain MTHI92
ALT_NAMES inosine. F-monophosphate
debydragensse relsted protein [ [mistiomer]

L INUSINE ¥ MONOPHUSFHATE
DEHYDROGEN ASE RELATED PROTEIN 130

65077 sheV bomelog 2 :
e 7L INOSTHE. 2 MONOPHOSPRATE
ALT_NAMES. moting mencphorphas [DEHYDROGENASE RELATED PROTEIN X

Copyright 2008 © Limsoon Wong

m Organism TR Swiss-Prov TrEMEL RefSeq/GenPept
[ magine-F-monophosphate
. . 64721 eonaerved hypothetical protein X : . . Arhydsagennar (pank)
NE00181257 Methanocorcus janaschs  oaad Y453 META Hypothetical protein MIDGS3 AL B
defiydrogensse (gel)

2649754 inosine monophosphate
dthydrogenass (gasl-[)

1 _U6862] wusime musophusphale
el drogenass (gaak-1)

oA morme monophosphate
dehydrogennan (ganB-2)

P 070943 innaine moncphosphate
dehydragennan (gunB-2)

ophosphate

e e A partial list of IMPdehydrogenase misnomers: s
in complete genomes remaining in some g

 protem
nemuplosphale
d probem
onophosphate
dehydragennan relsted protsin ¥
P _276154 innsine. -mannghoaphats
dehydrogenase relsted protein ¥
22621166 mosing-P-moncphosphite
dehdrogensse relsted protein VIl
NP_273269 inosine- S-monophosphate
el dogenase releted protem Vil
LN mosme ¥ munophosphabe
o related protem 1
i Femannphnaphate
drhydragennan relsted protsin 11
AT inosine-S-moncphosphate
dehydrogennan relsted protsin
KF_276657 inosine- S-monophosphate
defirdrogensse related protein X0
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ZINUS
IMPDH Domain Structure —

FCMO04E7: PDOCOO3E1 IMF dehydrogenase / GMF reductase signature
“ﬁ FPFO0478: IMP dehydrogenase / GMP reductase C terminus
e PFOOS71: CBS demain
DO0G PROT3ET: Helixtum-helix
S FFO1574: IMF dehydrogenase ¢ G reductase N terminus
iy FPFO2185: FarB-like nuclease domain
431997
FYSFO00130) '~ hES
E7O212
(SFOO0131)  Fiperpm ettt = 04 \
EB4381 i H
(SFo0aB28) 194 <: IMPDH Misnomer in Methanococcus jannaschii
669355
(SFOD456) L) <:
(Srobasay 183 <: IMPDH Misnomers in Archaeoglobus fulgidus
BE3407
250
(SFOD4599) SRR <:

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

* Aless common but functional IMPDH (E70218)
lacks the CBS domains.

 Misnomers show similarity to the CBS domains

Copyright 2008 © Limsoon Wong

Invalid Transitive Assignment
Root of invalid transitive assignment
B::> [T H70468 ||SFO01258 EISH!ID’%IW—V%Z—?A“%L ;;;Ehnsghatas }Aquexaeahcus

(EC 3.6.1.31) [similarity]

|phosphonbosyl- AMP cyclohydrolase (EC
039935 [3.5.4.19) { phosphonbosyl- ATP pyrophosphatase | Synechocystis sp Prokigram- (5570 |5.7e-24 230 39.175
C 3.6.1.31) [similan
T3 SF029243 005738 pprobable phosphonbosyl- AMP cyclohyirolase |Stmpmmyr:es coekcolor |Pmk1g1a[rr+ 3993 |3.5e-15 128 42.157
phosphonbosyl- AMP cyelohydralase (EC
35419 ﬂ'pimsghnnhnsyl -ATP pyrophosphatase .
7 §53349 |SF001257 | 001188 EC 4.6.131) 1 histi dchydropenase (EC Saccharomyces cerewisiae [Euldfung  [384.1  [2.5e-14 799 |31.863
1.1.1.23

T
|phosphonbosyl-AMP cyclohydrolase (EC
k:} [T E69493 ||SF029243 005738 3.5.4.19) [similar |Archaeoglobus fulgdus chae [396.8

4 8e-19 108 47778 |an —
O::} M 64337 |SFO06833 010327325 g‘f"l’”;ng'ﬂp ophosphatase (EC Methanococeus jannaschii 1.1e-06 95 (36342 |95
— T [3.6.)g31) [similenity] P

FR AT 4
[CD81178 |SFO06833 10149 I p h (EC |Np.<=.=mm.=mnm‘mm |Prnld'mm. 210 9 |7.1.-.nr. 17135 957 28

i 34 131 NMBI]ﬁD] sxrm]ang
osphonbosyl- ATP pyrophosghal A=>B>C == A->C -
13.6.1.31) NNAOSOT [similarity]
hosphoribosyl- AMP cyclohydrolz B (SF'I]J]ZSG]
13.5.4.19) / phosphoribosyl-ATP py
Mgstsiy |SEooizs? jonfag -1 1D Buoshenboss /oo |__
1.1.1.23

. ./ ———| —_——
MIS-&SSlgnmeﬂt A (SF029243) C (SF
of function No IMPDH domain”

Prolfother [594.3 |4.8e-26 205 39.086

97

I 87606

=5

SFO01258

U | —

02 | e—

0 | e—

\Archae 246.9

[ C81925 |SF00683] ||101491

006833)




INUS
Seq Similarity: Caveats e

e Ensure that the effect of database size and other
biases 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 2008 © Limsoon Wong

INUS
Emerging Pattern &=

Typical IMPDH Functional IMPDH w/o CBS

ey PCMO04ET: FDOCO03E1,IMP dehydrogenase

A PFO0478: IMF dehydiogenase reductaseC terminus

Ao PFO0ST1: CBS

e PFO331: Heli

e FOAS74: IMF nase / GWp/fedustase N terminus
o pri

£31997
(SFO00130)

E7O0218
(SFO00131)  sleljes e s utjes P
194 <: IMPDH Misnomer in Methanococcus jannaschii

EBazE1
(sFondaag)
80385
(SFOD4E05) L] <:

183 === IMPDH Misnomers in Archaeoglobus fulgidus

FEa51d
(SFOD4ED4)

(SBFEUQD%EE) — 269 <:
* Most IMPDHs have 2 IMPDH and 2 CBS domains

« Some IMPDH (E70218) lacks CBS domains

= Alignment must preserve IMPDH domain to infer
IMPDH

Copyright 2008 © Limsoon Wong
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EE &

NUS
&=

A more subtle twist ...

Copyright 2008 © Limsoon Wong

ldentifying Key Mutation Sites Ew.l.é

K.L.Lim et al., JBC, 273:28986--28993, 1998

Sequence from a typical PTP domain D2

»i] OO0 | FIPA-D2

EEEFKELTS IKIOND KERTCHL P ANTKENRVLOL IPYEFNRY L I PYERGEENTD YWNAST
IDOTROEDA T IASQIP LLETIED FFRH INEWKSCH IVEL TEL EERIOE B AQYEP SDOLY
JTD I'TVELKKEE ECE I TTVRDL LY THTRENEI R LROF BF KHIPEV IPADCGRGE LS I T
AAVORGOOOSONEP I TVECS AHAORTOTFCALSTVLERVEAEG ILDVF QTVIILALORP K
FOTLEQTEFCYRVWOETIDANA DYANF K

e 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 2008 © Limsoon Wong
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FINUS
Emerging Patterns of PTP D1 vs D ==

» Collect example PTP D1 sequences
» Collect example PTP D2 sequences
* Make multiple alignment Al of PTP D1
» Make multiple alignment A2 of PTP D2

» Are there positions conserved in Al that are
violated in A2?

e These are candidate mutations that cause PTP
activity to weaken

» Confirm by wet experiments

Copyright 2008 © Limsoon Wong
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SEINUS
Emerging Patterns of PTP D1 vs D =

D2 _ 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
Dl{

Exercise: Why?

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

K \) absent = possible cause of D2’s loss of function

X - present

Copyright 2008 © Limsoon Wong
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S9NUS
Key Mutation Site: PTP D1 vs D="-“"‘"'

2 [ 2 2 2 77
gi|0O00O| P D2 QFHFHGWPEVGIPSDGEGHIS T TALWOROOOO-S3GHP ITVHC S AGAGRTGTFCALSTVL
gi| 126467 FHF TSWPDFGVPF TP IGHLEKF LEEVEACNP - -0V AGATVVHC S LGVGRTGTFVY IDAML
gi| 2499753 QFHF TGWFDHGVF VHATGLLSF IRRVELSNF--F3AGP IVVHC S AGAGRTGCYIVID IHL
ogi| 462550 OYHYTQWPDMGVPEYALPVLTFVRRSZ AARN--PETGPVLVHCS AGVGRTGTYIVIDSHL
gi| 2499751 QFHF TSWPDHGVPDTTDLLINFRYLVEDYHEQSPPESP ILVHCSAGVGRTGTF IAIDRLI
gi| 1709906 Dl QF QF TAWPDHGVPEHP TPFLAFLRRVETCHP - -FPDAGPHVVHC S AGVGRTGCF IVIDANL
gi|lz2e471] QLHF TSWPLFGVPF TP IGHLEFLEEVETLNP--VHAGP IVVHC S AGVGRTGTF IVID AMM
gi| 5456246 QFHF TGWPDHGVP VHATGLLSF IRRVELSNP--FP3AGP IVVHC S AGAGRTGCYIVID ITHL
gi| 1531570 QFHF TGWPDHGVE VHATGLLGFVROVESESP - -PNAGPLYVVHC S AGAGRTGCF IVID THL
gi| 2144715 QFHFTSWPDHGVPDTTDLLINFRYLWRDYMEQSFPESP ILVHCIAGVGRTGTF IAIDRLT

* wE, KW . L O TEEEEE KEEE |

» 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 2008 © Limsoon Wong
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SINUS
Key Mutation Site: PTP D1 vs D2~ =

gil0oooao| P D2 CFHFHGWE

gi| 126467 COFHFTSWE
gi| 2499753 (QF HF TGURADHC

gi| 462550 OTHYTQWPDMGVPET?
gi| 2499751 COFHF TSWPDHGVEDTTD]
gi| 1709906 [)]<{ OFOFTAWPDHGVPEHPT
il 126471 COLHF TSWPDFGVEFTE It
il 548626 COFHF TGWPDHGVETHAT
gi| 131570 COFHF TGWPDHGVETHAT
gil2144715 CFHF TSWPDHGVEDTTE]

* ﬂ‘ﬂ‘_ ﬂ‘_ﬂ‘

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

Copyright 2008 © Limsoon Wong
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Confirmation by Mutagenesis Exp '

* 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 2008 © Limsoon Wong

Any Question?
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EBANUS

Important Unsolved Challenges Y=
 What if there is no useful seq homolog?
» Guilt by other types of association!

— Domain modeling (e.g., HMMPFAM)

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

— Similarity of phylogenetic profiles

— Similarity of subcellular co-localization & other

physico-chemico properties(e.g., PROTFUN)
— Similarity of gene expression profiles
— Similarity of protein-protein interaction partners

— Fusion of multiple types of info

Copyright 2008 © Limsoon Wong
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Guilt by Association
of Similarity of
Dissimilarities

Differences
of “unknown”
to other fruits
are same as

“apple” to
other fruits

“unknown” is
an “apple”!

Similarity of Dissimilarities

P

.rangel

Banana,

AR

Apple, Color = red vs orange Color =red vs yellow
Skin = smooth vs rough Skin = smooth vs smooth
6 Size = small vs small Size = small vs small
Shape =round vs round Shape = round vs oblong
Orange, Color = orange vs orange | Color = orange vs yellow
Skin =rough vs rough Skin =rough vs smooth
. Size = small vs small Size = small vs small
Shape =round vs round Shape = round vs oblong
Unknown, Color =red vs orange Color =red vs yellow

Skin = smooth vs rough
Size = small vs small
Shape = round vs round

Skin = smooth vs smooth
Size = small vs small
Shape =round vs oblong

Copyright 2008 © Limsoon Wong

21



'% NUS
. . L
SVM-Pairwise Framework -
Training Training Features
Data
Feature S S S Support Vectors
S1 Generation S, fy B, fip ... Training Machine
S2
Sz T fo2 faa o (Radial Basis
s3 /s%f31 fa foy ... Function Kernel)
fy, is thelocal — | .-+ - s e l
alignment score
between S;and S, Trained SVM Model
(Feature Weights)
Testing Testing Features l
Dat.
aa Feature S1 S S
T1 Generation T, fu fip fig oo Classification RBF
T2 Tt fe fm - Kernel
T3 Ty fy fo fy o l
f,, is the local =
5 is thelocal — [ -+ - s e e -
alignment score Dls;rlmlnant
between T;and S; cores
Image credit: Kenny Chua
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Performance of SVM-Pairwise —-—

G0

SWVM-pai rwise
SWh-Fisher

40

30

20

10

No. of families with given performance

0

0]

ROC
e ROC: The area under the curve derived from

plotting true positives as a function of false
positives for various thresholds
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Mazch —
Regions | eo—

Simple Refinement to Capture
Multiple Local Similarities

T - \I Members of Anticodon-binding
lefwal 3.38 4.1, 8 J. domain UJP 38.4.1) [amily

el Members of Nucleic Acid-Binding proteins
. . L (SCOP 2.38 4) superfamly

45

AINUS
P

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

Match — LI
Rogons | -
— LI
! .
I ——————— [
- — This one is computationally more efficient!
- —
— -

Copyright 2008 © Limsoon Wong
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B &
ROC 2-D Plot of Gy
SVM Pairwise w/ vs w/o Relaxed Penalties
1 ,(%
B %o
o8 A
i _.-f"-/’lh ::F )
: .
3 " f/'{
2 s
:
E 04 ¥,
: e SVM-Pairwise w/ relaxed gap
i, yd penalties achieves higher ROC
e on more protein families
a ,-/'/
' - Parsiza ::Uﬂ\wllr:“-;l:‘ﬂw‘,’ " '
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Guilt by Association
of Genome Phylogenetic Profiles

Archaea| Bacteria |Eukl

NERRERREL RN AL LR RERR TR R DNR TR RN R EAREARRARRRRAER O RRAR AR RERRY
ARRRENRRRRURRER CORDERR 00 DODNRRSE'K N0 MUARRECAN CENMORRDREINRINE * HORERD RANEDA
I LT TR I
ANRRNRRRRRRRRRER: el
I T T T T T T
JLTTETVTTETAHTANAY SRR W 1 DNRURY | AT AU | AR | RRRARY W 11|
{LTTTTUTTTT TN ARART TR T AT TR TINRO T | T A SR 171 17)
TURIRRIATDRRRERERR ERORRIATRIRUM RN AR AR AT TR
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Phylogenetic Profiling ._.'E'__L_E

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

Copyright 2008 © Limsoon Wong

Genomes: |

— Sl EBANUS
P2 P4 e f @ Btz Unkesralig

i rs 5

\\ P7 :

8. cerevisiae {SC)
— Fl1 P3
M- P PS B. subtilis (BS)
[ —
E eoli (EC) H. influenzae (H1)

U Profe Castrs Phylogenetic
Phylogenetic Profile: (1 o -'|’J PI’OfI|Ing
ce 770 | How It Works
I " [ I R
R _ 1

Conclusion: P2 and PT are functionally linked ,
3 ancl P6 are finctionally linked
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EINUS
Phylogenetic Profiling: P-value G
The probability of observing by chance z occurrences of genes X and Y in a set
of ¥ lincages, given that X occurs in x lincages and ¥ in y lincages is

_ Wy kW
P(e|N,2,y) = ——
where
N
x = z
No. of ways to distribute z
co-occurrences over N T = N-z N N-12
lineage's % ¥ —z y—2
N N
y W = " ,\N_o. qf ways of
No. of ways to distribute T i distributing X and Y
the remaining x—zandy -z over N lineage's
occurrences over the remaining without restriction

N -z lineage's

Copyright 2008 © Limsoon Wong

Phylogenetic Profiles: Evidence E—«-_"_é

Pellegrini et al., PNAS, 96:4285--4288, 1999
No. of non- Mo Mo

homologous ~ nmeighbors  neighbors
proteinsin  in keyword im random

Kevword group group Z¥oup
Ribosome ail 197 27
Tramscription 6 17 L
tRMNA sythase and ligase 26 1] 5
Membsyane proteins® 23 &0 A
Flagellar Z1 bty 3
Yo, Farxic, and fexritin 19 | 2
Galactose metabolism 18 £l 2
#olybdoterin and Eolybdemum,
and melybdoterin 12 [ |
Hypotheticalt 1084 1418, 226 8420

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

Copyright 2008 © Limsoon Wong
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. - . ERANUS
Phylogenetic Profiling: Evidence 85 i
Wau et al., Bioinformatics, 19:1524--1530, 2003

hamming distance y y
= #lineages X oceurs + 4KEGG
#lineages Y occurs — 0COG
2 * #lineages X, Y occur

in KEGG/COG

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

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?

Copyright 2008 © Limsoon Wong
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Any question?
Anyone needs a break?

Guilt by Association of
Multiple Type of Information:
Protein Function Prediction
by Information Fusion

28



o TINUS
Information Fusion —
 Markov Random Fields (Deng et al., JCB, 2004)

— Maximum Likelihood

— Model data sources as binary relation betw
proteins

» Kernel Fusion (Lanckriet et al., PSB, 2004)
— Discriminative approach
— Models each data source w/ diff feature vectors

— Weighted linear combination of kernels via semi-
definite programming

Copyright 2008 © Limsoon Wong

ENUS
Difficulties w/ Information Fusion -

o Differences in nature

— E.g., sequence homology vs PPI are very different
relationships

» Differences in reliability

— E.g., noisy datasets such as Y2H PPI and gene
expression

» Differences in scoring metrices

— E.qg., E-Score from BLAST vs Pearson correlation
between expression profiles

Copyright 2008 © Limsoon Wong
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ERAINUS
Motivation &z
e Problems:

— Complex models such as MRF and Kernel Fusion
are computationally expensive

— Difficult or not possible to identify contributing
sources in a prediction

» Unified scoring of multiple sources has potential
(Lee et al., Science, 2004)

— Simple scoring using Log Likelihood
— ldentified many functional clusters

= A simple, flexible, and effective way to integrate
data sources that reports contributing sources in
predictions to allow users to exercise judgment

Copyright 2008 © Limsoon Wong

INUS
Strategy — Step 1 &=

 Model a data source as
undirected graph G =(V,E)

CDC34 CLN2

— V is a set of vertices;
each vertex reps a

CDC4
protein MET30

CDC53
— E is a set of edges; each

edge (u, v) reps a

relationship (e.g. seq
similarity, interaction)
betw proteins u and v

Copyright 2008 © Limsoon Wong
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Strategy — Step 2

« Combine graphs from
different data sources
to form alarger graph

Strategy — Step 3

e Estimate edge
confidence from
contributing data
sources

e Predict function by
observing which
functions occur
frequently in the high-
confidence neighbours

EE &

NUS
&=

Copyright 2008 © Limsoon Wong

{Far Fo}

{Fe, Fcl {Fa Fel
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INUS
Unified Confidence Evaluation ——

e Subdivide each data source into subtypes to
improve precision (e.g., expt sources, sub-ranges
of existing scores like E-scores)

» Estimate confidence of subtype k for sharing

function f by: Zsf (u’v)

k, f — (u,v)eg,, f
p(k, f) Ek,f‘+1

 E,is subset of edges of subtype k where each edge has
either one or both of its vertices annotated with function f

* S{(u,v) = 1if uand v shares function f, O otherwise

Copyright 2008 © Limsoon Wong

G
Combination of Confidence ——

» Combine confidence of data sources contributing
to each edge:

Fov e =1- I I (1_ p(k, f ))
keD,
» P(k.f) is confidence of edges of subtype k sharing function f

* D,, is the set of subtypes of data sources which contains
the edge (u,v)

Copyright 2008 © Limsoon Wong
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Function Prediction —

?

 Weighted Average '
{Fa FD}; S
Z(ef (V)X Iru,v,f )

{Fe Fct — {Fa Fg}
veN,
Sf (U) -

1+ Zru,vlf

veN,

» S{(u) is score of function f for protein u

» e(V) is 1 if protein v has function f, O otherwise
* N, is set of neighbours of u

is confidence of edge (u, v)

¢ I’u,\/f

Copyright 2008 © Limsoon Wong
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NUS
Comparison w/ Existing Approaches =

« Dataset from Deng et al, 2004

* 4 data sources (Saccharomyces cerevisiae)
— Protein-Protein Interactions
» 2,448 edges
— Protein Complexes
» 30,731 edges
— Pfam Domains
» 28,616 edges
— Expression Correlation
» 1,366 edges
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FINUS
Comparison w/ Existing Approaches ~ =
» 12 functional classes
Category Size
1 Metabolism 1048
2 Energy 242
3 Cell cycle & DNA processing 600
4 Transcription 753
5 Protein synthesis 335
6 Protein fate 578
7 Cellular transport & transport mechanism 479
8 Cell rescue, defense & virulence 264
9 Interaction with the cellular environment 193
10 | Cell fate 411
11 | Control of cellular organization 192
12 | Transport facilitation 306

Copyright 2008 © Limsoon Wong

NUS
Comparison w/ Existing Approaches =

« Validation Method (Lanckriet et al, 2004)
— Receiver Operating Characteristics (ROC)
— True Positives vs False Positives
— Area under ROC curve for each function

— Averaged over 3 repetitions of 5-fold cross
validation

Copyright 2008 © Limsoon Wong
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EBANUS
Comparison w/ Existing Approaches ""*"-'"’""

ROC Scores for Functional Classes

0.95 4 O MRF
0.9 o Kernel

0.85 m Weighted Avg

Functional Class
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SENUS
GO Terms Prediction for Yeast Protely8 =

01(250)

!.if'nD-Z-I:ISI.\
e Proteins from i
01.01 (100} 01.02 (120)
SaC C h arom y ces amino acld metaboism nifrogen and sulfur matabolsm
Cerevesiae TN i
. assimilation of ammonia, matabolism mataboksm o yche,
— 5448 p roteins from G O of #1e ghitamate growp creatine and potyamines
Annotation (SGD) 2 -
01.01.03.01 (12 01.01.03.02 (15
metaboksm of glutamine metabolism of glutamate
* Functional Annotation ool bt
ghaming ghnmine
— Gene Ontolo .
_ ) 9y e Informative GO Terms (for
— Hierarchical evaluation)
— 3 Namespaces — Zhou et al. (2002)

(molecular function,
biological process,
cellular component)

— FC associated with at
least 30 proteins and no
subclass associated with
at least 30 proteins

Copyright 2008 © Limsoon Wong
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Data Sources

« PPI
— BIND

— 12,967 unique
interactions betw yeast
proteins

— FS weight used as score

Data Sources

e Pfam Domains

— SwissPfam database
(http://www.sanger.ac.uk/
Software/Pfam/ftp.shtml)

— Precomputed Pfam
domains for SwissProt
and TrEMBL proteins w/
E-value threshold 0.01

— Number of common
domains used as score

— 15,220 unique pairs
involving yeast proteins

EE &

NUS
&=

Protein Sequences

Segs from GO database
(archive.godatabase.org)
Each yeast seq is aligned
w/ rest using BLAST
(cutoff E-Score = 1)
-log(e-score) used as
score

Top 5 results w/ known
annotations

19,808 unique pairs
involving yeast proteins

INUS
) i

Pubmed Abstracts

Pubmed abstracts obtained
by searching protein’s
name and aliases on
Pubmed

Limit to first 1000 abstracts
returned

Fraction of abstracts w/ co-
occurrence used as score
61,786 unique pairs
involving yeast proteins

Copyright 2008 © Limsoon Wong

Copyright 2008 © Limsoon Wong

36



Multiple Data Sources
PFAM (15,220)

(12,967)
BIND

11,660

(19,808)
BLAST

PUBMED (61,786)
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Precision vs Recall
BINUS
) i

Combining all data
04t oy . sources outperforms

0.3 - o PFAM
0.2 | -PuBmED - +

o2 e b any individual data

0 { +ALLSOURCES

0 0.2 0‘.4 0‘.6 018 1 Sou rce

. Recall
Molecular Function

Precision

Precision vs Recall Precision vs Recall

© BIND

©PFAM
= PUBMED
X BLAST_ALL
A BLAST_SGD
+ ALL SOURCES
g g 5
iz T+ @ *
S ¥ 3 +
2 + o +
& + & +
A . +
+ 0.2 4 -PuBMED A% - +
+ X BLAST_ALL - +
+ 0.1 4 aBLAST_SGD Dctbmm T 4
; ks 0 4 + ALLSOURCE ; . .
0.8 1 0 0.2 0.4 0.6 0.8 1

Recall

Biological Process

Cellular Component*® |




Precision

. Re:
Molecular Function

Precision vs Recall

© BLAST_SGD TOP
1 © BLAST_ALLTOP +
A BLAST_SGD
1 xBLAST_ALL +
| +ALLSOURCES ; ; ;
0 0.2 0.4 0.6 0.8 1

call

1

Precision vs Recall

EE &

Weighted Averaging
predicts w/ better precision
than transferring function
from top blast hit

Using all data sources

outperforms topblast in both

sensitivity and precision

NUS
&=

Precision vs Recall
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Conclusions

INUS
) i

 We developed a simple graph-based method that
combines multiple sources of data sources for

function prediction

e Our method is simple, flexible and can report
datasources contributing to each prediction

 We have shown that our method performs
comparable, if not better, than existing

approaches

© BLAST_SGD TOP | 1+ © BLAST_SGD TOP |,
o BLAST_ALLTOP o BLAST_ALLTOP
0.9 o “h A BLAST_SGD 0.9 % &Mﬂ‘ﬁ A BLAST_SGD
0.8 4 M *ﬂﬂ X BLAST_ALL 08 & A gy X BLAST_ALL
- A 25 ++++ + ALL SOURCES B ++++ + ALL SOURCES
074 N i 074 Mg, s
c | ey + c | < +
0.6 + 0.6 A
S 4 + S %n t
8 05 b3 x 2 05| +
3 x ot 3 o X .
x 044 A X + & 0.4 A % +
0.3 | a * 0.3 oA +
0.2 a + 0.2 A *
0.1 + 0.1 +,
0 T T T T i 0 T T T T *
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8
Biological Procesgecal -Cellular Componenfeca g
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