Knowledge Discovery Techniques
for Bioinformatics, Part VI:

Sequence Homology Interpretation
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Plan O e

* 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

Copyright © 2006 by Limsoon Wong

Sequence Alignment

» 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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NUS
Sequence Alignment: Poor Exampte

* 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
60 70 80 99 108
Amioyanin P HNVAFVAGVLGERALHCP MMKREQAY SLIF TEAGTYDYHCTE HPPMRGKVVVE

heoozbate Oxidase ILQROIPWADGTABISQCA INFQE'IFF“.’NF']‘EFDNPG'}' FFE‘HGHWHQRSRGL‘."GE L1
T 80 g0 190 110 1z0

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

* Good alignment usually has clusters of extensive
matched positions

= The two proteins are likely to be homologous

r}gi|134?6?32|ref|NP 108301.11 unknown protein [Mesorhizobium loti]
21114027492 1db) IBABS2742 11 unknown proteln [Mesorhlizoblum loti]
Length = 105

Score = 105 bits (2623, Expect = le-22
Identities = 617106 (57%), Positives = 73/106 (68%), Gaps = 17106 (0%)

Query: 1 MEPORLASTALATIFLPMAVPAHAATIEITMENLVISPTEVSARVGDT IRWWNEDVFAHT 40
ME G L + MA P& LATIE+TH LV 8PV AKVGDTI WVN DV AHT
Fhict: 1 MRAGALIRLSWLAALATMAAPAASATIEVTIDELVFSPATVEARVGDTIEWVNNDVVAHT 60

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

* Segs belonging to same “family” usually have
more conserved positions in a multiple seq

alignment
gil|lz2e467| FHFTSWFPDFGVPF TP IGHLEFLEEVELCNP - - QT AGATVFHC S AGUGRTGTFVV IDANLD
gi|2499753 FHF TGWPDHGVPYHATGLLSF IREVELSNP--FP3AGFT MGAGRTGCYIVIDIMNLD
gi|46=2550] THY TOWPDMGVPEYALPVLTFVRRSS AARM--PETGPVYVHC S AGVGRTGTYIVIDSHLO
gi|2499751 FHFTSWPDHGVPDTTDLLINFRYLVRED YHEQSPPESF IDVHCSAGVGRTGTF IAIDELIY
gi| 1709906 FOFTAWPDHGVPEHP TPFLAFLREVETCNP --FPDAGFHV VGRTGCFIVIDANLE
gillz2e471| LHFTSWPDFGVPFTP IGHLEFLEEVETLNP - - VHAGF IW VGRTGTFIVIDANMA
gi|5456246| FHF TGWPDHGVPYHATGLLSF IREVELSNP--FP3AGP IV AGRTGCYIVIDINLD
gi|131570| FHF TGWPDHGVPYHATGLLGFVROVESKSP-—-PNAGPL AGAGRTGCFIVIDINLD
gi|2144715 FHFTSWPDHGVPDTTDLLINFRYLVREDYHEQSPPESFI AEVGRTGTFIAIDELIY

L F EEE OEEE L F CoEEEEdE wwww 0w

Conserved sites
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Application of
Sequence Comparison:
Guilt-by-Association
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TINUS
Function Assignment to Protein Seque#ce

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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N 1|
FINUS
Guilt-by-Association =

« 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

» Finally, confirm with suitable wet experiments
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Guilt-by-Association e

Compare T with seqgs 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 Alignment

sethinbina [a1]
w Leth]

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

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

wee
wit M.

Assign to T same

n scorbate Oxidase a
l function as homologs

Discard this function ; ; :
o6 8 kAR Confirm with suitable

wet experiments
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Amicyamni

BLAST: How It Works 9B au

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

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

search
[ @b |
[ @b |
[ &b |
[ &b |
find from db seqs G

with short perfect
matches to query
seq
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EBANUS
Homologs obtained by BLAST '-‘*"--“"‘“'

Socore E
Sequences producing significant alignments: (bits) Value
gil14193729 | gk | ALKS6109. 1| AF332081 1  protein tyrosin phosph. .. 62: e-177
il 126467 | sp|P15433 | PTRA HUMAN Protein-tyrosine phosphatase... [ | e-177
gqi|4506303 |ref|NP _002527.1| protein tyrosine phosphatase, r... 62| e-176
il 227294 | prf| 17013004 protein Tyr phosphatase 620 e-176
il 18450369 |ref|NP_543030.1] protein tyrosine phosphatase, & | e-176
il 32067 | emb | CALITH47. 1] tyrosine phosphatase precursor [Ho... 61! e-176
gil 285113 | pir| |JC1285 protein-tyrosine-phosphatase (EC 3.1.... 519 e-176
gil 69581446 |ref|NP _0365595.1] protein tyrosine phosphatase, r... 61: e-176
il 2095414 | pdb| 1¥FO| A Chain A, Receptor Protein Tyrosine Ph... Slﬂ e-174
oqil32313 |emb | CALISE62.1] protein-tyrosine phosphatase [Homo... 61 e-174
il 450553 | ogb| AAEO4150.1 protein tyrosine phosphatase >gi|4... 605 e=172
gqil| 6672557 |ref|NP _033006.1] protein tyrosine phosphatase, r... 60- e-172
il 453922 | ol | AALITO90. 1] protein tyrosine phosphatase alpha 599 e-170

T —

e Thus our example sequence could be a protein
tyrosine phosphatase a (PTPa)
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Optfres] Wbyl

Example Alignment with PTPa =

Score = 632 bits (164293, Expect = e-180
Identities = 294/302 (97%), Positives = 2894/302 (97%)

Query: 1 BPSTNRKYPPLPVDELEEE INRFMADDNKLFREEFNALPACP IQATCEAASIZDDODODR 60
SPRTNREYPPLPVDELEEE INERMADDHELFREEFNAT PACE IQATCEASS E
Fbict: 202 3PSTHNREKYFPLPVDKLEEE INRRMADDNKI FREEFNAI PACE IQATCEAASKEENKERNE 261

Query: 61  YVNILPYDHSRVHLTPVEGVPDEDY INASF INGYQEKNKF [AAQGPEEETVNDFWRMIWE 120
TYNILPYDHSEVHLTPVEGVPD SDY INASF INGTQEKNEF [ 4a0GFPEEETVNDFWEMIWE
Shict: 262 YVNILFYDHSRVHLTPVEGVFDSDYINASF INGYQEKNKF [ AAQGFEEETVIDFWEMIVE 321

Query: 121 QNTATIVMWTNLEERKECKCAQYWPDQOCWTYONVEVSVEDVTVLVDVTVREFC IQQVGD 150
OQNTAT IV TNLEERKECKC A VWFDQGCWTYGHVEV SVEDVTVLVD Y TVERFC IQQVGD

Shict: 322 QNTATIVMVINLEERKECKCAQVWFDQGCWTYGNVRYEVEDVIVLVDYTVREFCIQOVGD 381

Query: 181 VINEKPQRLITQFHF TAWPDFGVPFTP IGMLEFLEEVEAC NP QYA TVVHC SAGVORTS 240
VINEKPQELITQFHF TEWPDFGVPFTE IGMLEF LEEVEACNE Q¥ AGA IVVHC SAGVGRTG
Sbict: 382 VINRKPQRLITQFHFTSWPDFGVPFTF IGMLEFLEEVEACNPQVAGATVVHCBAGVORTS 441

Query: 241 TFVVIDAMLDMMHIEEKVDVYGFVER [FAQRCOMVQTDM, ¥VF ITQALLEHYLYGDTELE 300

TFVVIDAMLDMMHSEREYDVYGFVER I RAQRCOMYOTIMO ¥WF ITQALLEHYL YGD TELE
Sbict: 442 TFVVIDAMLDMMHSEREVDVVGFVSRIRAQRCOMVQTDM)YVF ITQALLEHYLYODTELE 501
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ZBANUS
Guilt-by-Association: Caveats '*‘*'"-"’""

e 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 2006 © Limsoon Wong

o NUS
Interpretation of P-value ——
e Seq. comparison progs, e Suppose the P-value of an
e.g. BLAST, often alignment is 10
associate a P-value to
each hit + |f database has 107 segs,

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

e P-valueis interpreted as :
equally good alignment

prob that arandom seq

has 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?
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Examples of Invalid Function Assignment:

ERANUS
85 s

The IMP Dehydrogenases (IMPD

12 enmes were tound

m | Organism TR Swiss-Prov TrEMEL RefSeq/GenPept
inngine-F-monophosphite
- i EA4%2] eonaervid hypothetical pratein L T . A dehydragennar (ganf)
MEO01R1AST Methanococens jannaschs Bl Y453 METIA Hypothetical protein MIDGS3 NP 47637 inosizie--monophosghute
dehydrogensss (gl

[HEQOLETIEE | Archasoglobus folgdus

(365355 MIDESS homolog AFGEAT
ALT_NAMES: mseint-mensphosphate
delydrogemase (guab-1) homulog
[mussumer]

| INOSTHE MONCPHOSPHATE
DEHYDROUGEN ASE (GUAB-1)

4754 mosing menophosphate
dehydrogenass (gasl-[)
18 _U6862] wusime musophusphale
el drogenass (gaaki-1)

42214 yhe¥ husolog 4 T morme monophosphake
- ) ALT_NAMES: inosine-monophosphnte CIZA16 INOSINE MONOPHOSFHATE dehydragennan (gnk-2)
MEQ01E826T Archasoglobus Rilgidus dehydagenase (paaB-7) heamolag DFMYTROGEH ASE (AR HE 070943 innaine monephosphnte
[misnamer] (drfipdogennae (gnB-2)

ophosphate

mosen e A partial list of IMPdehydrogenase misnomers. o

. in complete genomes remaining in some oo
WEDOLETT 6 Therma % nemwphosphale
public databases fpoten

MFQ04 14705 Mlethancthermobacter X;w;}”ﬂ;”;;”:;;;;:;hm {07204 TMOEIHE. F MONOPHOSPHATE dehdsogennan relaed peotein V

. [DEHYDROGENASE RELATED PROTEIN ¥ HF_276154 innsine. -mannghoaphats
dehydrogenage relsted protein ¥

621166 mosing-F-monsphosphate

therrrtotrophicis related protein ¥ [

D035 M11232 protemn homolog MTHL 26

MMethamothermobacter _.u:r mzs mosing-Fmenophosphate

10126225 INOSINE-2-MONOPHOSPHATE

RWFO04 14311 dehydrogenase related protein VI
= = P g relsted protemn VI DEHYDROGENASE RELATED PROTEIN VII ME_275269 inosine-Smonophosphate
[rmgrramer] |deliydroigenase related proten Vil
I R 2 munphurphale
HAT2E2 M1 22 Sorelated protein MTHIS: " . I wuoeme wpkuspl
(NE0414857 ) il ALT NAMES mosine. Fomonophosghate (A0 INUSINE & MONOPHUSPHATE el drugemaee related proten 1

DFEHYDROGEN ABE RELATED PROTEIN 13X HE 261 e Yosmemophoaphate
drhydragennan relsted prosin 110

|EZAZ2T imcsine- F-moncphnaghinte

therrnaatotr ophicus debyedrogenass relsted protein I [misnomee]

55077 3tV homelog 2

hethansthermobacter - 1 {DIZTALG THOSTHE. - MONOPHOSPHATE
[HEQO4 14365 T ALT_NeAhdEs: "‘[‘:]‘u":d"x‘ﬁﬂ‘;“’h“‘ DEHYDROOENASE RELATED PROTEIN 30

dehgd.logc'\,ase seleted protein X
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IMPDH Domain Structure

- PCMO04S7: PDOCOO32, IMP dehydrogenasa [ GMP reductase signature
R g PFO0O47E: IMP dehydrogenase ¥ GMP reductase C terminus
e FFOOS71: GBS domain
A FFO1381: Helixtum-helix
e PFO1574: IMP dehydrogenase / GMP reductase N terminus
Wy PFOZ185: ParB-like nuclease domain
A31997
"(SFDOU13U] = s
ET0218
(SFOD01Z1) -~ 404 4\
Eg4381 i i i il
ot oae) w94 (=3 IMPDH Misnomer in Methanococcus jannaschii
FBO355
(SFODAB08)  okoloboiiobok  saloholoiolook = &=
EBeS 1 183 <: IMPDH Misnomers in Archaeoglobus fulgidus
BE9407
(SFONABHG) = <:

e 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
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INUS
Invalid Transitive Assignment -
Root of invalid transitive assignment

[phosphoribosyl-AMP cyclohydralase (EC

B::> [T H70468 |SFO01258 | 051440 [3.5.4.19) / phosphoribosyl-ATP pyrophosphatase uifex aeclicus
[(EC 3.6.1.31) [similaity]

phosphoribosyl- AMP cyclohydralase (EC

Prokfother (5943 |4 fe-26 205 39.086

97

[ §76963 |SF001258 | 039935 |3.5.4.19) / phosphoribosyl-ATP pyrophosphatase  |Synechocystis sp Prokigram- [S57.0  |5.7e-24 230 39.175 |19 | se—
EC 3.6.1.31) [sunilanty]

7 T35073 |SF029243 (005738 probable phosphonbosyl AMP cyclohydrolase |Su'eptmnycescue1|cn]ur |Pmk1gta.m+ 3993 |3.5e-15 |128 42.157

[phosphorbosy AMP cyclohydrolase (EC
5.5.4.19) / ahosphoribasyl ATP syroghosst
(1553340 |\SPOL2ST OB /e 5 ) 31) ¢ bisiinel dehpdropenase (EC
L1129
[ r -
|phosphonbosyl-AMP cyclohydrolase (EC
A Fesses sroaes oosmas 3“5“2 ’I‘;"‘[;‘TNAMIF clohydrolase (EC chasoglobus flgidus  |Archae (3963 4815 |0BMTTIE (90 | e

ar!
O::} [ G64337 | SFO0sgsy |agszy [ehesthonbosyl-ATP pyrophosghatase (EC

13.6.4¢31) [similarity
s s oot T il AzB=C = a=C -
hosphonbosyl-AMP cyclohydrals B (SF001258)
D s oyl e
11123

H
5]

Saccharomyces cerevisiae [Enldfungi  [334.1  [2.5e-14 799 31.363 (204 | ee—

Methanococcus jannaschii |Archae 246.9 |(1.1e-06 (95 |36.842 |95

|NF|CQFH2 treninaitidic |Pmlﬂ'mmr 23100 17 AeNA 1INTIR5 237 (2R

M IS—aSS|gnment I A (SF029243) / C (SF006833)
of function No IMPDH domain”
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Emerging Pattern

Typical IMPDH Functional IMPDH w/o CBS

ey FCMOD4ST: FLOCOO0391,IMF dehydrogenase J &) reductase signature
pe PFO0478: IMF dehydrogenase / GMF reductage C terminus
et PFO0S7 1: CBS domain
AR PF01381: Helix-turn-helix
ettt FOM574: IMF dehydogenase / Ghij/feductase N terminus
Eaead FO2195: FarB-like nuclease dogfain
A31997 * &14
(5FOD0130) u?ﬁnh« =
E7O0218
(SFO0013) et e a04
E643E1
(sFo0asag) 194 <: IMPDH Misnomer in Methanococcus jannaschii
GHA3I55
(SFOD4E05) L] <:
FEQ514 i i i
(arenasbay 183 <: IMPDH Misnomers in Archaeoglobus fulgidus
B63407
(sFondean) P EaR G|

* Most IMPDHs have 2 IMPDH and 2 CBS domains
« Some IMPDH (E70218) lacks CBS domains
= IMPDH domain is the emerging pattern
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Application of
Sequence Comparison:
Active Site/Domain Discovery

Copyright © 2006 by Limsoon Wong

Discover Active Site and/or Domai¥

« 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

Copyright 2006 © Limsoon Wong
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Multiple Alignment of PTPs

gi| 126467 FHFTSWPDFGVPFTP IGHLEF LEEVEACNP - - QY AGATVVWHCI AGVGRTGTFVV IDANLD
gi| 2499753 FHF TGWPDHGVPYHATGLLSF IREVELSNP--PEAGP IWVVHC S AGAGRTGCVIVIDINLD
gi|462550] THY TOWPDMGYVPEYALPVLTFVRRS S A ARN--PETGPVLVHCIAGVGRTGTYIVIDSHLO
gi| 2499751 FHFTSWPDHGYVPDTTDLL INFRYLVRD YMEQSPPESP ILVHCIAGVGRTGTF IAIDRLIY
gi| 1709906 FOFTAWPDHGYVPEHP TPFLAFLREVETCNP --PDAGPMVVHC S AGVGRTGCFIVIDANLE
gi|126471| LHFTSWPDFGVPF TP IGHLEFLEEVETLNP --VHAGP IVWHC 3 AGVGRTGTF IVIDAMMA
gi| 548626 FHF TGWPDHGVPYHATGLLSF IREVELSNP--PEAGP IWVVHC S AGAGRTGCVIVIDINLD
gi|131570] FHF TGWPDHGYVPYHATGLLGFVROVESESP--PNAGPLYVVHC S AGAGRTGCFIVID INLD
gi|2144715 FHFTSWPDHGYVPDTTDLL INFRYLVRD YMEQSPPESP ILVHCIAGVGRTGTF IAIDRLIY
L F O EEE OEEN L L EEEEERE BEEE, . EF

* 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

Copyright 2006 © Limsoon Wong

Guilt-by-Association:
What if no homolog of known function is
found?

Copyright © 2006 by Limsoon Wong
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Phylogenetic Profiling :-IEI-..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 2006 © Limsoon Wong
Genomes: |
[ 2 BB &
G | SANUS
P2 P4 e f Btz Unkesralig
kf” e 15 ]

8. cerevisine {8C) T
2 4 P6 PS B. subtilis {BS}
p 5 BT
e

H. influenzae (HI)

\||/ Profile Clusters: Phylogenetlc
_Phylugenl'licl’ruﬂle: = o PrOflllng:
W P11 How it Works
P2 1 1 0 T>
B0 1 o 1jH{e 1 1
P2 1 (U]
Beooror o ﬁ[]
P 0 1 P& 011
i i 1 0

Conclusion: P2 and PT are functionally linked ,
3 ancl P6 are finctionally linked
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B & E‘lé
Phylogenetic Profiling: P-value ¥~

The probability of observing by chance z occurrences of genes X and Y in a set
of ¥ lincages, given that X occurs in # 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—2z
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
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L
| L =ANUS
Phylogenetic Profiles: Evidence %5z~
Pellegrini et al., PNAS, 96:4285--4288, 1999
No. of non- Mo, Mo

homologous  TEghbioNs  nedghbors
proteinsin  in kewword  in ramdom

Reyword group greup S1oup
Ribosome Al 197 27
Tramssyiption 6 17 L]
(RMA& svmbiase and ligase 26 1] 5
Membrane proteins™ Pl S5 5
Flagellar 21 b e
Tren. fervs. and fercitin 18 2] &
Galagtese metabolism 18 i 2
#olvbeloterin and Folybdenwm.
and molgbdoterin 12 [ 1
Hypothieticalt 104 108,226 8.dar

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

Phylogenetic Profiling: Evidenceg-_l“.é

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

> 0.9
el o
o = 0.8 hamming distance v J
s g = #lineages X occurs + KEGG
g 3 1T #lineages Y occurs — 0COoG
= Q0 0.6 g
2 c 2 * #lineages X, Y occur
T aog o5
D E ~
S g0 0f
E SO 4k
Egu”
g ©X o2
< P c .
o< — 0O OO
£5 0
3o
c c ) )
© 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 2006 © Limsoon Wong

The ProtFun Approach

Jensen, JMB, 319:1257--1265, 2002

A protein is not alone P .

. . s \ni’\ga @ o @&"
vv_hen performm_g its *&}i@ﬁ o % & Apé.f@p;\% o
biological function O s I

b I P TSR I S oL
FFP TP LTI E o o 5 8

It operates using the same | 5 o Yo o l seql
cellular machinery for
modification and.sortlng « Proteins performing
as all other proteins do, similar functions should
such as glycqsylat!on, share some such
phospharylation, signal T

peptide cleavage, ...

= Perhaps we can predict

These have ass;;;mated protein function by
consensus motifs, comparing its *feature”
patterns, etc. profile with other proteins?

Copyright 2006 © Limsoon Wong
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@ ANUS
. Bitereal Lineprsiy
ProtFun: How it Works -
‘nhhrivialinn ‘ Encoding | Description
\ec \sing\e walue |Ex‘tinctmn coefiicient predicted by ExFASy ProtParam
\graw \smg\e walue |Hydrophomcw predicted by ExPASyY ProtParam
‘nneg ‘SIHQ\E walue |Numberufnegal\vely charged residues counted by ExPASy ProtParam
‘npus ‘SIHQ\E value |Numberufpusnwely charged residues counted by ExPASy ProtParam
‘nglyc ‘pmential in5hins |N-glycnsy\atinn sites predicted by MNethGlye
\nglvc \pmential-threshmd in10hins |GaINAc O-glycosylations predicted by NetOGlye
[pest [fraction in 10 bins [PEST rich regions identified by FESTind
‘phUSST \pulemlal in 10 hins |Serme and threonine phosporylations predicted by [etPhos
‘phUSY \pulemlal in 10 hing |Twusme phosporylations predicted by MelPhos eXtrac feature
psipred helix, sheet, coilin 5 hins Predicted secondary structure from PS1Pred profile of protein
psort 20 probabilities Subcellular location predtions by PSORT mina vV riOUS
seq fraction in 10 hins Low-complexity regions identified by SEG A
predietion methods
signalp means, maxy, logicleavage pos) Signal peptide predictions made by SignalP
hmhmm inside, outside, membrane in & hins |Tmu membrane helix predictions made by ThiH Wbl
Hidden

Category ‘ units | Input features

Amina acid hiosynthesis 30 |ec psipred psorttmhmm
30 |ec psipred tmhmm
30 |ec netoalye psipred psort
Average the output of —; e
the 5 component ANNS 35 [ogive psinred psort

Copyright 2006 © Limsoon Wong

FNUS
ProtFun: Evidence -

sﬁaﬁ’y
&-‘Pﬁg ‘é] \\‘z.\pc‘ ,gE\)@<<n ‘\e}\&
A e‘*’ & . Fele a;g"ﬁ
0 £ q g
o““i@% :* s 7 ‘Pﬁ Q@@@ « Combinations of
51 “features” seem to
gi 8 ; @] ggo g Amino acid biosynthesis Chal’aCterlze some
04 (8] r Biosynthesis of cofactors .
ot 6 00 @@ |cewrs functlonal
o) © 00000 | catarprocesses - CALEQOIIES
o 00 090 O T
O [ O O o O Energy metabolism

@ 0 @ec @@ Fatty acid metabolism
O O Purines and pyrimidines
O I Regulatory functions
Replication and
® O O O O i tfgr:sa{ipz;
O O | Translation

O Transport and binding
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NUS
ProtFun: Example Output ""‘"":'“

Prion A4 TTHY

Amino amd biosyl}thesis 0.011 0. [')'l'l 0. Ull e Atthe seq |eve|
Biosynthesis of cofactors 0.041

Cell envelope (J.l4(z P”Oﬂ A4, & TTHY
Cellular processes 0.027 0.027 0. ()3} are dissimilar
Central intermediary metabolism 0.047 0.139 0.059

Energy metabolism 0.029 0.023 0.046

Fatty acid metabolism 0.017 0.017 0.023 i
Purines and pyrimidines 0.528 0417 0153 ¢ ProtFun pred icts
Regulatory functions 0.013 0.014 0.014

Replication and transcription 0.020 0.029 0.040 them to be cell
Translation envelope-r6|ated )
Transport and binding tran po rt & bindin g
Enzyme 0.233 0.367 0.227

Non-enzyme

Oxidoreductase (EC 1.—.—.—) 0070 0024 0055 ® Thisisin agreement
Transferase (EC 2.—.—.-) 0.031 0.208 0.037 w/ known

Hydrolase (EC 3.- 0101 009 0208 . :

Isomerase (EC 4. 0020 0020 0020 functionality of

Ligase (EC 5.—.—.) 0010 0010 0010 h rotein

Lyase (EC 6.—.—.—) 0017 0078 0017 these proteins
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ProtFun: Performance e

1.0

Amino acid biosynthesis
| Biosynthesis of cofactors
0g L — Cell envelope
' == Cellular processes = ms
—— Central intermediary metabalism }
Energy metabolism 0
Fatty acid metabolism
Purines and pyrimidines

Regulatory functions F

=1
2]

Replication and transcription
— Translation
= Trangport and binding

False positive rate

[=]
E
——

0.2 |

Sensitivity
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. - L
SVM-Pairwise Framework =
Training Training Features
e Feature St S S, Support Vectors
S1 Generation S, fy f, fig Training pllz/lachine
s2
Sy for fpp fg (Radial Basis
s3 /s%f31 fa foy ... Function Kernel)
f, is the local s e e e e l
alignment score
between S;and S, Trained SVM Model
(Feature Weights)
Testing Testing Features l
Data Feature S1 S, S
T1 Generation T, fu fip fig oo Classification RBF
. enerdbm __ Classification |
T2 T, fn fo fo Kernel
T3 TS f31 f32 f33 i
f., is the local o
is the local e e e e P
;Illgnment score Dlsgnmmam
between T;and S; cores
Image credit: Kenny Chua
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. . Optiores] Uiy
Performance of SVM-Pairwise ——
. . L SVM i
= Receiver Operating . e
. . o - -pairwise
Characteristic (ROC) R '
— The area under the g 40
curve derived from cy.]
plotting true positivesas =
a function of false 20
positives for various 5 0l
thresholds. =
. 0
- Rate of median False @
Positives (RFP) 60
. . SVM-pairvise ———
— The fraction of negative 8 K@gg;gﬁ,vg*r e
test examples with a 5 e
score better or equalsto &
the median of the scores =
of positive test =
examples. £
E

median RFP
opy

v) U000 & OUIT VVOIy



EE &

A Refinement to Capture ,'E'.._'“_E
Multiple Local Similarities

\I_ Members of Anticodon-binding
r domain (SCOP 2.38.4.1) family

Members of Nugleic Acid-Binding proteing
(SCOP 2.38 4) superfamly

Recursive Smith-Waterman

e S S S

A bit more local
similarities are captured

] N S dlgvca 2.

Copyright 2006 © Limsoon Wong

ROC 2-D Plot of Gy
SVM-Pairwise w/ vs w/o Recursive SW

T
4
5 -
o
= ,,e”:xx
®
w
®
=
=

1 981 Legume Lecting Family // u
z é;) g
§ P
£ og / ®
¢ e
;igd /
=
: /
¢ /*/ SVM-Pairwise w/ Recursive
%oz = SW achieves higher ROC on
e more protein families
//-
g a il 0.4 IJ:S 0.!

Pairwize SN with Rscursive 5W
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Mazch —

Simpler Refinement to Capture
Multiple Local Similarities

Regions | eo—

AINUS
P

T - \I Membe Anticodon-binding
Lefwal 2.38.4.1.4 Il| domain (EJI’ 38,417 Camiily
i Members of Nucleic Acid-Binding proteins
. . L 1 (SCOP 2.38 4) superfamly

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

Match — LI
Rogons | -
— -
! .
I ——————— [
-— — This one is computationally more efficient!
- —
— -
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B &
ROC 2-D Plot of Gy
SVM Pairwise w/ vs w/o Relaxed Penalties
1 }%
B %o
o8 A
% _{--".--"‘..‘:'L ::’ )
E s '/’,«’
2 -
:
E o4 -
: e SVM-Pairwise w/ relaxed gap
i, yd penalties achieves higher ROC
e on more protein families
a -"/'/
' - Parsiza ::U wilh Lingar I;;P‘ﬂw‘,' " '
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Application of
Sequence Comparison:
Key Mutation Site Discovery

Copyright © 2006 by Limsoon Wong

ldentifying Key Mutation Sites E-"-.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

¢ 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 2006 © 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 2006 © Limsoon Wong

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

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

x - present

Copyright 2006 © Limsoon Wong
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S9NUS
Key Mutation Site: PTP D1 vs D="-“"‘"'

2 [ 2 2 277
gi|0000O| P D2 QFHFHGWPEVGIPSDGEGHIS T TALWOROOOO-S3GHP ITVHC S AGAGRTGTFCALSTVL
gi| 126467 FHF TSWPDFGVEPF TP IGHLEF LEEVEACNP - -0V AGATVVHC S LGVGRTGTFVY IDAML
gi| 2499753 QFHF TGWFDHGVF VHATGLLSF IRRVELSNF--F3AGP IVVHC S AGAGRTGCYIVID IHL
oi| 462550 OYHYTQWPDMGVPEYALPVLTFVRRSZ AARN--PETGPVLVHCS AGVGRTGTYIVIDSHL
gi| 2499751 QFHF TSWPDHGVPDTTDLLINFRYLVEDYHEQSPPESPILVHCSAGVGRTGTF IAIDRLI
gi| 1709906 Dl QF QF TAWPDHGVPEHP TPFLAFLRRVETCHNF - -FPDAGPHVVHCS AGVGRTGCF IVIDANL
gi| 126471 QLHF TSWPLFGVPF TP IGHLEFLEEVETLNP--VHAGP IVVHC S AGVGRTGTF IVID AMM
gi| 5456246 QFHF TGWPDHGVP VHATGLLSF IRRVELSNP--FP3AGP IVVHC S AGAGRTGCYIVID IHL
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 2006 © Limsoon Wong

SINUS
Key Mutation Site: PTP D1 vs D2~ =

gi|0oooo| P D2 CFHFHGWE

gil 126467 COFHF TSR
gi| 2499753 (F HF TGURADHC

gi| 462550 OTHYTQWPDMGVPETS
gi| 2499751 COFHF TSWPDHGVEDTTD]
gi| 1709906 [)]< COFOFTAWPDHGVPEHPT
gil 126471 COLHF TSWPDFGVEFTE It
il 548626 COFHF TGWPDHGVETHAT
gil 131570 COFHF TGWPDHGVETHAT
gil2144715 CFHF TSWPDHGVEDTTEI

* ﬂ‘ﬂ‘_ ﬂ‘_ﬂ‘

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

Copyright 2006 © 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

Copyright 2006 © Limsoon Wong

Any Questions?
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