CS2220: Introduction to Computational Biology
Lecture 7. Sequence Homology
Interpretation

TINUS
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
— Protein-protein interactions
* Key mutation site discovery
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Very Brief Recap of
Sequence Comparison/Alignment

Motivations for Sequence Comparis

* 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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Sequence Alignment N
indel » Key aspect of seq
Sequence U comparison is seq
alignment
JALPACEI|Q mismatch
L+ I « A seq alignment
asseitiotad ey biv b maximizes the
number of
positions that are in
Sequence V match

agreement in two
sequences
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INUS
Sequence Alignment: Poor Exampte =

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

Alignment by FABTA of the sequences of amleyanin and domain 1 of

ascorbote oxidase
60 70 80 99 108
Amioyanin MPHNVHFVAGVLGEARLKGEMMKXEQRY SLTFTEAGTYDYRCTE HRFMRGKV VVE

Aeoorbate Oxidase ILQRGIFWADGTAEISQCAINPGETTFYNFIVDNPGIFTYHGHLOHGRERGLYGELI
1% &80 @0 199 110 129

No obvious match between
Amicyanin and Ascorbate Oxidase
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FNUS
Sequence Alignment: Good Exampte ==

* Good alignment usually has clusters of extensive
matched positions

= The two proteins are likely to be homologous

[T >gi113476732 1 ref INP_108301.11  unknown protein [Mesorhizobium loti]
211140274931dbj IBABS3762.11  unknown protein [Mesorhizebium loti]
Length = 105

Score = 105 bits (262), Expect = le-22
Identities = 61/106 (57%), Positives = 73/104 (68%), Gaps = 1/106 (0%)

Query: 1| MEKPGRLASTALAIIFLPMAVPAHAATIE ITMENLY I SPTEVSAKVGDT IRWWNKEDVFAHT 60
M GL + MA PA AATIE+T++ LV 5P V AKVGDTI WWN DV AHT
Shjct: 1 MKAGALIRLSWLAALAIMAAPAAAATIEVTIDELVF SPATVEAKVGDT IEWVNNDWVAHT 60

good match between
Amicyanin and unknown M. loti protein
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FINUS
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
gi|126467| FHFTSWPDFGVPF TP IGMLEFLEEVELCNP - - Q¥ AGATVFHC S AGUVGRTGTFVV IDANLD
gi| 2499753 FHFTGWPDHGVPYHATGLLSF IREVELSNP--P2AGPT MGAGRTGCYIVIDIMLD
gi|4e2550| THYTOWPDMGVPEYALPVLTFVRESS AARM--PETGPVIVHC S AGVGRTGTYIVIDSMLO
gi|2499751 FHFTSWPDHGVPDTTDLLINFRYLVRED YHEQSPPESPILVHCSAGVGRTGTF IAIDELIY
gi| 1709906 FOFTAWPDHGVPEHPTPFLAFLREVETCHNP--PLAGP MY VGRETGCFIVIDANLE
gi|126471| LHFTSWPDFGVPFTP IGMLEFLEEVETLNP --VHAGP I VGRTGTFIVIDAMMA
gi|5486246| FHFTGWPDHGVPYHATGLLSF IREVELSNP--P2AGP IV AGRTGCYIVIDIMLD
gi|131570| FHFTGWPDHGVPYHATSLLGFVROVESESP--PNAGPL AGAGRTGCFIVIDIMLD
gi|2144715 FHFTSWPDHGVPDTTDLLINFRYLVED YHEQSPPESPT WEVGRTGTFIAIDELIY
LLF O FEE REE . T LLEEEEYE wEEx %

Conserved sites




Application of
Sequence Comparison:
Guilt-by-Association

A proteinis a ... O e

* A protein is a large
complex molecule
made up of one or
more chains of
amino acids

e Protein performs a
wide variety of
activities in the cell
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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?

Copyright 2008 © Limsoon Wong

r-- 17§
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

e Then assign to T the same function as these
homologs

» Finally, confirm with suitable wet experiments
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) E‘lé
Guilt-by-Association e

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 Alignment 1 koo pratsin Dlsorisabie loi]
— ik § 101870 leti
« Poor seq alignment shows few matched positions " L 08 (R, G 11108 cOR
L3 - 73 (68, Gaps = 1/ (o%)
= The two proteins are not likely to be homologous o
; WoL Ma E I P IV AT
Ebjer: | WRAGALIRLEVLASLALMAAP AAAATIEVT IDKLVFEPATVEAKSCITI EFVIRIVVAHT 50
Alignment by FASTA of the sequences of amicyanin and domain 1 of T pe—
el Amicyanin andin M. loti protein
60 0 80 0 160
Andoyanin MPHNVHFVAGVIGEAAL! ST HI
Anc L] $5 0 OB T 3 HOHLOMORS
0 30 30 100 et
No obvious match between ASSIgn tO T same
Amicyanin scorbate Oxidase a
function as homologs

Discard this function I

wet experiments
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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

Exercise: Why do we need this step?
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EINUS
Homologs obtained by BLAST '-‘*"--““""

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
gil| 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 —

* Thus our example sequence could be a protein
tyrosine phosphatase o (PTPa)
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r-- "+ ++//7171e]
TINUS

Optfres] Wbyl

Example Alignment with PTPa ~*

Brore = 632 bits (1629), Expect = e-130
Idomtitics = 2045302 (), Pocitiwvos = 2045332 (078

Query: 1 SPRTNRKYPPLPVIKLEEE [ NERMADDNKI FREEF VAL PACP 'QA’I‘CEMSW 60
SPETHNREYPPT PVDET EEE TNERMATDNET FREEFTAT PACP QATCEARER

Shict: 202 RPSTNREYPPLFVDELEEE INRRMADDNKI FREEFJALFACE QATCEMSKEENKEKNR 141

=3

Query: 61 YVNILFYDHSRVHLTPVEGVEDSDY INASF INGYQIKNKF [ AsQGPEEETYNDFWEMIVE 120
YVNILPYDHSEVHLTPVEGYPDEDY INASF INGYQZENKF [ AaQGPEEETVHDEFWEMIVE
Fhict: 262 YVNILPYDHSEVHLTPVEGVEDSDY [NASF INGYQIKNKF [ AsQGPEEETVNDFUWRMIVE 321

—

Query: 121 QNTAT IVMYTNLEERKECKCAQTWPDQOCWTVGNVRYEVEDV VLVDYTVREFC IQOVGD 180
QNTAT IVMVTNLEEREECEC AQYWE DOGCWTYGHVAVEVEDV VLVDVTVERFC 1QQVGD

Fhict: 322 QNTATIVMYTNLEERKECKCAQTWPDQOCWTVGNVRYEVEDV VLVDYTVREFC IQOVGD 381

Query: 181 VINRKPJRLITQFHFTRWPDEGVPFTF IGMLEFLEVEACNE QT AGA T VVHC SAGVORTS 240
WINREEPJRLITQFHF TSWPDEGVEFTF IGMLEFLEXVEACNPOYAGA I VRHC SAGVGRTG
Bbicl. 282 VINREPJFLITQFHF TRWFDFGVPFTF IGMLEFLECYEACHPOTAGS [ VWVHC BAGVORTG 441

(uery: 241 TFVVIDAMLDMMHEEREVDVYGFY SR IRAQRCOMYDTDMOYVE [ YQALLFHYLYGDTELE 300
TFYV I DANLDMMHSEREVD VY GF VSR I RAQRCOMVI TD MO YVF 1 ¥ ALLEHYL YD TELE
Bhict: 442 TEVVIDAMLDMMHIEREVDVIGFVER [ BAQRCOMVUTDMOYVE I TQALLEHYLYGDTELE 501
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ZBANUS
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 2008 © Limsoon Wong
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G
Law of Large Numbers —

e Suppose you areinaroom < Q: What is 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 * A: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



ZINUS
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 » If database has 107 seqs,

then you expect 107 * 10¢ =
10 seqs 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
for correcting p-value for a situation like this

Copyright 2008 © Limsoon Wong

- ‘/"™72°]
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)
o 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 ='"—=-‘“"

* 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

NS
Effect of Sequence Length —

T,

sequence identity (I), %

Abagyan RA, Batalov S. Do
aligned sequences share the
same fold? J Mol Biol. 1997
sequence length (L) Oct 17;273(1):355-68

Copyright 2008 © Limsoon Wong
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Examples of Invalid Function Assignment: ﬂﬂ:l_.'.g_é
The IMP Dehydrogenases (IMPD

12 enmes were tound

m | Organism TIR | Swiss-Prov TrEMEBL RefSeq/GenPept
[ innsne-T-monophosphte
. o FA4131 conaerved hypnthetiol protein A . ) . dehydengennar (k)
NFO01R1257 Methanocorcus jannaschs BRI ¥653_METIA Hypothetical pratein MID6S3 P 200 ioris P monopbosphits
dehydrogensse (gasll)
E35E MIDEST homalog AFUEAT | 264754 mosing menophosphate
I - \ALT_MAMES: inccins-menophosphate Kz2] | INOSINE MONOPIOSHIATE dehydrogenase (gasll 1)
MEQMETTES| Archaeoglobos filgidus delydrogenass (guab 1) homulog DEHYDROUEN ASE (GUAE 1) T —
[mustsome] delipiogenase (guat 1)
4214 yheY homalog 2 [ Tl morme monophosphale
. ) ALT_NAMES: inosine-monophosphnte CIZA167 INOSINE MONOPHOSFHATE dehydengennar (gunB-Z)
MEQ01E826T Archasoglobus Rilgidus dehydagenase (paaB-7) heamolag DFMYTROGEH ASE (AR HE 070943 irngine monaphosphnte
[misnamer] dehydengennan (gunB-Z)
aphosphate

wosen e A partial list of IMPdehydrogenase misnomers. o
' in complete genomes remaining in some g

- L dpruten
w
[LEOOLS 6 Therma - nopharphats
public databases G
naophnsphinte
s s hethancthermotacter PIRASEURE AP0 BUMULIIG L LB 48 (0127204 THOSIHE. L MONOPHOSFHATE dehyidrgennar relsted peotein ¥
HEQ04 14709 Mhermatotreptocus PALT_MAMES: "(‘:J‘:‘":d'“m‘:{t‘g‘,“!“‘ . DEHYDROGEN ASE RELATET PROTEIN ¥ HE 276354 iringine- T-marnphoaphate
& et dehydsogenase reluted protein ¥
| D6P035 MI1232 prstein homolog MTHLZE | 2621166 mosing-F-moncphosphate
hEO0 1451 1 [MEhmethermobacter ALT_MAMES: mosine-S-meacphosphate 004209 INOSINE.9- MONOPHCSTHATE dehydrogensse related protein VI
g 2 " genase celsted pootein VII DEHYDROCENASE RELATED TROTEIN V1T NP 273269 inosine-S-monophosphate
rvumer] delipirogenase elsbad proten V11
o ¥
E9330 MI1 22 5-relatind pentsin MTHE92 LA wuave 2 asipbocphials
EQ04145 Methancthermobacter ﬁ%‘z%mm? e mhae [T IHOSINE. 5 MOHOPHOSPHATE el drogenass relstad proten 1
S ot op s et enase related !:‘:x [:Iisnaml] DIEH VTR ARE RELATED PROTEIN 13 HE 2610 wname- sarnnphoaphatn
yidrog et Arhydsogennar relsted protsin 150
BEOTT yheV bomalog 2 DL o sine-T-monophosghate

MEO0d 14060 Mehancthermobacter TR THOSTHE. S MONOPHOSPHATE

ALT_NAMES. moting mencphorphas DEHYDROGENASE RELATED PROTEIN X

P grnase relabed probem X

dehgd.logc'\,ase selsted protein X

Copyright 2008 © Limsoon Wong

IMPDH Domain Structure

iy PCMO0467: PDOCO0IE Y, IMP dehydtogenase [ GMP reductase signaturs
deletde  PFO0ATS: IMP dehydragenase § GMP reductase C terminus

Ackodok  PFOOSTA: GBS domain

COC PFDI1381: Helietum-helic

A PFO15T4: IMP dehydrogenase { GMP reductase N terminus

Wy PFO1ES5: ParB-like nuclease domain

o 2
(SEF7EIDE|2U11331J -~ 404 4\
(SFomoe) w94 (=3 IMPDH Misnomer in Methanococcus jannaschii
(SronaaRt) 1ee &

FEQ5 14 185 &=== IMPDH Misnomers in Archaeoglobus fulgidus

Be9a07
(SFONABHG) = <:

* 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 2008 © Limsoon Wong
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EEAINUS
Invalid Transitive Assignment ~=—

Root of invalid transitive assignment

.
{(EC 3.6.1.31) [siralanity]

phosphoribosyl- AMP cyclohydralase (EC
[T §76963  |SF001258 | 033935 3.5 4.19) / phosphoribosyl-ATP pyrophosph echocystis sp. Prokigram- [557.0 |5.7e-24 230 39.175

EC 3.6.1.31) [sunianty]
7 T35073 |SF029243 (005738 probable phosphonbosyl AMP cyclohydrolase |Sn'eptmnyces coelicolor |Pmk1gta.m+ 399.3 (3.5e-15 |128/42.157

phosphorbosyl- AMP cyclohydrolase (EC

5.5.4.19) / ahosphoribasyl ATP syroghosst
(1553340 |\SPOL2ST 0088 (/e 5 ) 31) ¢ bisiinel dehpdropenase (EC

11123

LLLE) | |
|phosphonbosyl-AMP cyclohydrolase (EC

A Fessess sromaes oosmas ;‘;i ’I‘;"‘[“JAMIF clohydrolase (EC chasogiobus flgidus  |Archae (3963 [4.8e15 |0BMTTIE (90 | e

ar!
O::} [ G4337 | SFOgsssy |agszy [ehesthonbosyl-ATP pyrophosshatase (EC

13.6.4¢31) [similarity

" D878 |SF006833 ||101491 {' [;‘r;’?&lé?ﬁgr "‘h"sthmse C riccprin menintids  |Prokforam. 13199 | fe-na 11715 797 |3

osphonbosyl-ATP pyrophosphal A=>B=>C = A=C 2
‘SFUMS]] 101491 .6.131) NNLAOS0? [ sialarity]

hosphonbosyl- AMP cyclohydrols B (SF001258)
Cssisi3 |SE001257 pofss 54 1) shosohorihosyl-ATP i

EC 3.6.1.31) / histidinol dehydrog
11123

Prokfother (5943 |4 fe-26 205 39.086

97

9 | —

H
B2

Saccharomyces cerevisiae [Evkdfungi  [334.1  [2.5-14 (799 |31.863 (204 | e—

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

. ./ | mEmEEm /
M IS—aSS|gnment A (SI029243) / C (SF006833)
of function No IMPDH domain”

Copyright 2008 © Limsoon Wong

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

Copyright 2008 © Limsoon Wong




Application of
Sequence Comparison:
Active Site/Domain Discovery

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
Exercise: Why?

Copyright 2008 © Limsoon Wong
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INUS
In the course of evolution... =

Copyright 2008 © Limsoon Wong

NUS
Multiple Alignment of PTPs =

gi| 126467 FHFTEWPDFGVPF TP IGHLEFLEEVEACHP - - @V AGATIVVHCIAGVGRTGTFVVIDANLD
gi| 2499753 FHFTGWFPDHGVPYHATGLLSF IRRVELSNP--PSAGP IVVHCSAGAGRTGCYIVIDINLD
gi|4e2550] THYTQWPDNGVPEYALPVL TFVRRS S AARN--PETGPVLVHCIAGVGRTGTYIVIDSHLO
gi| 2499751 FHFTEWPDHGVPDTTDLLINFRYLVRD YMEQSPPESP ILVHCIAGVGRTGTF IAIDRLIY
gi| 170599068 FOFTAWFDHGVPEHP TPFLAFLRRVETCNP --PDAGPMVVHCIAGVGRTGCF IVIDANLE
gi| 126471 LHFTSWFDFGVPF TP IGHLEFLEEVETLNF - -VHAGP IVVHCIAGVGRTGTF IVIDANMA
gi| 343626| FHFTGWFPDHGVPYHATGLLSF IRRVELSNP--PSAGP IVVHCSAGAGRTGCYIVIDINLD
gi|131570] FHFTGWFPDHGVPYHATGLLGFVROVESESP - -PNAGPLVVHCSAGAGRTGCFIVIDINLD
gi|2144715 FHFTEWPDHGVPDTTDLLINFRYLVRD YMEQSPPESP ILVHCIAGVGRTGTF IAIDRLIY
..ﬂ' TERE OFEE . * ..tttﬂ‘ﬂ‘ﬂ‘ ﬁﬁﬁﬁ... T .

* 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 2008 © Limsoon Wong
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Guilt-by-Association:
What if no homolog of known function is
found?

Phylogenetic Profiling E.«.-_';é

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
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Pz P1
[’:I I‘S

Genomes: | _
— 3 | NUS
? | ShUS

8. cerevisiae {SC) P?

Pl P3
P2 P} P B. subtilis (BS)
|'5 e P7

E el (EC) H. influensae (H1)

U Profie Cluster: Phylogenetic
Phylogenetic Profile: (1 o I|JJ Pr0f|||ng:
EC SC BS HI [ [ .
novoo R How it Works
] [ A,
P3 (U — [rt 0 1}—rs [
Ps [
el LEE 0 1 1
P 01 e [
] 110

I

Conclusion: P2 and PT are functionally linked ,
3 ancl P6 are finctionally linked

Copyright 2008 © Limsoon Wong
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NUS
Phylogenetic Profiling: P-value <=

The prebability of observing by chance = occurrences of genes X snd ¥ in a set
of IV lineages, given that X occurs in x lineages and ¥ in y lineages is

iy ¥ Wy

PeIN.@9) = U

where

&
[
PN

No. of ways to distribute z

N
z
co-occurrences over N T = N-z N N-12
lineage's & T -2z y—z
o W = N " N ,\N.o. qf ways of
No. of ways to distribute @ ¥ distributing X and Y
the remainingx—zandy -z over N lineage's
occurrences over the remaining without restriction

N —z lineage's
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. . . ERNUS

Phylogenetic Profiles: Evidence %8/ ==
Pellegrini et al., PNAS, 96:4285--4288, 1999

No. of non- _NE‘. _NQ-
homologous  Melghbors  neighbors
proteinsin in keweord i random

Keyword group group grup
Ribosome gl 197 7
Trarssyiption 6 17 L]
tRMNA& satlise and llzase ah ] 5
#Membrane proteins® 25 &0 5
Flagellar 2l b e
Trexn, fervic. ansd ferritin 18 £ 2
Galagtese metabolism 18 i 2
#olvbeoterin and Folybdenwm.
sl melebdeterin 1z @ 1
Hypuitietical! 104 108226 8dar

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

Copyright 2008 © Limsoon Wong

Phylogenetic Profiling: Evidence...IEI-'---..".wg-§

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

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

in KEGG/COG

and share a common pathway

fraction of gene pairs
having hamming distance D

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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The ProtFun Approach

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

+ A protein is not alone ei%e ' .
when performing its ol @ovf PRIPS A
o - - & Qe ré&
biological function ﬁ\,ﬁ ; iﬁ::j@@ ~ @{i:\-;s@o:}iqifé
a 3 & 5
‘ :d?’pi:’ P ‘}F S 45’& &i“‘ e“'ﬁ@«@‘\.
e It operates using the same 0o o @O o l seql

cellular machinery for
modification and sorting
as all other proteins do,
such as glycosylation,
phospharylation, signal
peptide cleavage,

¢ Proteins performing
similar functions should
share some such
“features”

= Perhaps we can predict
protein function by
comparing its “feature”
profile with other proteins?

Copyright 2008 © Limsoon Wong

 These have associated
consensus motifs,
patterns, etc.

FINUS
ProtFun: How it Works e

\Ahhrivimiun \ Encoding | Description
‘ec ‘SIHQ\E walue |Ex1|ncl\un coefiicient predicted by ExPASy ProtParam
gravy single value Hydr predicted by ExPASy ProtParam
nneq single value Murnber of negatively charged residues counted by ExPASy ProfParam
npos single value Murnber of positively charged residues counted by ExPASy FrotParam
‘nglyc ‘potentlal in 4 hins |N7gly:osy\atlon sites predicted by Meth Gy
‘Uglyc ‘pulemlal-lhreshu\d in10hins |GaINAc O-glycosylations predicted by MNelO Gy
pest fractionin 10 bins PEST rich regions identified by PESTiind
phosST potential in 10 bins Setine and threonine phosparylations predicted by [etPhos
phosY potential in 10 bins Tyrosine phosparylations predicted by MetPhos Extract feature
[psinred  [helix, sheet, coilin & bins |Predicted secondary structure from PEL-Fred profile of pr()tein
‘psun ‘ZU probahbilities |Subce\|ular location predtions by PSORET H H
ELD fractionin 10 hins Low-complexity regions identified by SEG gi::‘g:"\: fIOLE h d
signalp means, maxy, log(cleavage pos) Sighal peptide predictions made by SignalP bbby on methods
trahmm inside, outside, membrane in 5 hing |Transmembrane helix predictions made by ThiHMW
Category ‘ Hidden | Input features
Amino acid binsynthesis a0 [t peipred psorttrmhrmm
ﬁ 30 e psipred tmhmm
30 e netoglye psipred psort
Average the output of 5 Igrawpﬁiwd o
the 5 component ANNS 30 [oghe psinred psort
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% NUS
) . Bitereal Lineprsiy
ProtFun: Evidence N
w. (ﬁp‘a\“‘}s’:‘:ﬁ}a& *0& F 4
cpa ,bq ‘@"? o ?}\u“ ﬁ:@f:“i;’ &
S iﬁ \,\»* e - .
N L)aﬁ 2% « Combinations of
F TS \‘ Rl PG
o1 “features” seem to
25 8 ; ] 880 g Amine acid biosynthesis characterize some
(o] + Biosynthesis of cofactors .
o5 6 00 @O |camm  functional
O @® e® e OO L Cellular processes Categories
o 00O 0@O0 O e
O @] O O O o Energy metabolism
O Q O Q O O Fatty acid metabolism
(8] OQ O O O Purines and pyrimidines
esae@e O Q r Regulatory functions
fo) O O O O L Rtep\icat{m'll and
ranscription
O o00Q @ o | Tanstation
Qo (@] O O O Transport and binding
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ZNUS
ProtFun: Example Output =

Prion A4 TTHY

Amino acid biosynthesis 0.011 0.011 0. U]l .

Biosynthesis of cofactors l} 041 At the seq Ievel
Cell envelope 0146 080 0s08 > Prion, Ad, & TTHY
Cellular processes 0. UZ: 0.027 ).051

Central intermediary metabolism 0.047 0.139 U.lbl,i are dissimilar
Energy metabolism 0.029 0.023 0.046

Fatty acid metabolism 0.017 0.017 0.023 )
Purines and pyrimidines 0.528 0.417 0153 ¢ ProtFun predlcts
Regulatory functions 0.013 0.014 0.014

Replication and transcription 0.020 0.029 0.040 them to be cell
Translation 1.035 envelope-related,
Transport and binding m tranport & binding
Enzyme 0.233 0.367 0.227

Non-enzyme

Oxidoreductase (EC 1.—.—.-) 0070 0024 0055 * Thisis in agreement
Transferase (EC 2.—-.—.-) 0.031 0.208 0.037

Hydrolase (EC 3.—.—.—) 0.101 0.090 0.208 w/ kn_own )

Isomerase (EC 4.—.—.—) 0.020 0020 0020 functionality of
Ligase (EC 5.—.—.-) 0.010 0.010 0.010 H

Lyase (EC 6.—.—.—) 0.017 0.078 0.017 these prOtelnS

Copyright 2008 © Limsoon Wong
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ProtFun: Performance

Amino acid biosynthesis
| Biosynthesis of cofactors
0.8 Cell envelope
' == Callular processes
—— Central Intermediary metabalism
———— Energy metabolism
Fatty acid metabolism
08 | Purines and pyrimidinas

I
Regulatory functions '.4

Replication and transcription
—— Translafion
e Trangport and binding

False positive rate

04 -

0.2 |

Sensitivity

Copyright 2008 © Limsoon Wong

Similarity of Dissimilarities

INUS
) i

g | orange, banana,

app|e1 Color =red vs orange Color = red vs yellow
Skin = smooth vs rough Skin = smooth vs smooth
Size = small vs small Size = small vs small
Shape = round vs round Shape = round vs oblong

app|e2 Color =red vs orange Color =red vs yellow
Skin = smooth vs rough Skin = smooth vs smooth
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

Copyright 2008 © Limsoon Wong
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ERANUS
SVM-Pairwise Framework ""‘""‘"‘"’

Training
Data
Feature
S1 Generation
S2
S3
f3, is the local
alignment score
between S; and S,
Testing
D
ata Feature
T1 Generation
T2
T3
f3 is the local

alignment score
between T; and S,

Training Features
S; S; S5

Sl fll flz f13

SZ f21 f22 f23

& f31 f32 f33

Testing Features
S, S, S,

T, fi, fo fig

TZ f21 f22 f23

TS f31 f32 f33

Classification RBF
- >

Support Vectors

Training Machine

(Radial Basis
Function Kernel)

}

Trained SVM Model
(Feature Weights)

i

Kernel

i

Discriminant
Scores

Image credit: Kenny Chua

Copyright 2008 © Limsoon Wong

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.

60

NS

o S

SVM-pairwise
SWVM-Fizsher

20

40

Mo. of families with given performance

60

-pairwise -
E T

50 PSI
-

40
30 |-

20

Na. of families with qiven performance

SVM-painwise ———

SVM-Fisher ---—x——- s
KNN-pairwise~~—=="— f

B
M —--——

Al
FPS o

04 06 oa 1
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Protein Function
Prediction
from Protein Interactions

+ Direct functional association:

— Interaction partners of a protein
are likely to share functions w/ it

— Proteins from the same

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
biochemical, physical properties
and/or subcellular localization
are likely to bind to the same
proteins

Functional Association Thru Interacti

Level-\l neighbour

Level-2 ?eighbour

o g
e

Copyright 2008 © Limsoon Wong
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EE &

An illustrative Case of ,'E'.._'“_E
Indirect Functional Association?

SH3 Proteins  SH3-Binding
Proteins

Y1r024c

N

Yvs167 @S e Lasl7

===
Ysc84 S o =7 ® Yprl71lw

~ ”%
2N

Yerl3ow ® Acl2
Yprlsdw = @ Ynl094w
Bdcl

* Is indirect functional association plausible?
* |s it found often in real interaction data?

e Can it be used to improve protein function
prediction from protein interaction data?

Copyright 2008 © Limsoon Wong

ZEINUS
Freq of Indirect Functional AssociatiofT

YALO12W
]1.1.6.5
J1.1.9
I
[ I 1 [ 1
YJR091C YMR300C YPL149W YBRO55C YMR101C
11.3.16.1 11.3.1 114.4 111.4.3.1
116.3.3 120.9.13 —
142.25
[—% 114.7.11 YDR1
111 ) .
YPLO8SW YBR293W 111 [Shared Functions with [Fraction
12.16 116.19.3
11.1.9 142.25
11.1.3 B .
11.1.9 YBLO72C [Level-1 neighbours exclusively 1016338
L [Level-2 neighbours exclusively 226574
[ T I - [Level-1 and Level-2 neighbours 463960
YBRO23C YLR330W YBLO61C YLR14( [Level-1 or Level-2 neighbours 706872
110.3.3 11.5.4 11.5.4
132.1.3 134.11.3.7 110.3.3
134.11.3.7 141.1.1 118.2.1.1 Jaser
142.1 143.1.3.5 132.1.3 10110
143.1.3.5 143.1.3.9 142.1 120.1.21
143.1.3.9 143.1.3.5 120.9.1
11.5.1.3.2 I 11.5.1.3.2
YKLOOBW T [ [ 1
]12.1.1
YOR312C 116.3.3 YPL193W YDLO81C YDRO91C YPLO13C
J12.1.1 112.1.1 112.1.1 11.4.1 112.1.1
|12.1.1 142.16
112.4.1
16.19.3
! Source: Kenny Chua
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ZINUS
Prediction Power By Majority Voting” =

Precision VS Recall

* Remove overlaps in level-1
0.5 1+ ASIN 52
and level-2 neighbours to os2-51
study predictive power of st & ost-s2
“level-1 only” and “level-2 _ &
only” neighbours 3 7 Z&
* Sensitivity vs Precision £ o2l o, 4
analysis DD;:%Z%
K K 041t
pro2 g2 b M

K K 0 + + + +
Zi m; Zi n; 0 0.2 0.4 0.6 0.8 1
Recall

* n,is no. of fn of protein i « ” .
* m;is no. of fn predicted for = “level-2 onIy nelghbours

protein i performs better

* k; is no. of fn predicted :
correctly for protein i =LnL2 nelgh_bo_urs has
greatest prediction power

Copyright 2008 © Limsoon Wong

0]
Functional Similarity Estimate: E....Hé
Czekanowski-Dice Distance
* Functional distance between two proteins @uneta, 200
D(u.v)= IN ul\lNTﬂ\ll\\ll‘ AN,
o YN, N g

* N, is the set of interacting partners of k .
e X A Y is symmetric diff betw two sets Xand Y.
* Greater weight given to similarity

= Similarity can be defined as
2X
2X+(Y +2)

Copyright 2008 © Limsoon Wong

S(u,v)=1-D(u,v) =

25



r- +/////s
Functional Similarity Estimate: ._-'E'.._L_E
FS-Weighted Measure

* FS-weighted measure

2N, "N, 2N, NN,
S(u,v)= x
\NU—NV\+2(NumNV\ \NV—NU\+qNumNV\

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

= Rewriting this as
2X 2X

S(u,v)= X
2X+Y 2X+Z

7]
FINUS
Correlation w/ Functional Similaritye” ==

» Correlation betw functional similarity & estimates

Meighbours |CD-Distance [FS-Weight
= 0471810 0.408743
=5 0224705 0298843
51w 5g 0224581 029629

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

Reliability of Expt Sources ==
« Diff Expt Sources have diff | source Reliability
reliabilities

] o Affinity Chromatography 0.823077
— Assign reliability to an

interaction based on its Affinity Precipitation 0.455904
expt SOUICES (Nabieva et al, 2004) Biochemical Assay 0.666667
* Reliability betw u and v Dosage Lethality 05
computed by:
0.891473

Purified Complex
r \Yj _1_ | I (1_ r;) Reconstituted Complex 0.5

lek, Synthetic Lethality 0.37386
* 1 is reliability of expt -
. Synthetic Rescue 1
source i,
* E,, is the set of expt Two Hybrid 0.265407

sources in which
interaction betw u and v is
observed

Copyright 2008 © Limsoon Wong

Functional Similarity Estimate: NUS
FS-Weighted Measure with Rellabmty

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

22 2 3l

SR(U,V): we(N, NN, % we(N, NN, )

| Ehe Sl >]+z S | Trer Trbor >]+z S

weN,-N, (N, r\N weN, N, (N, r\N

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

= Rewriting

S( ,v): 2X y 2X
2X+Y 2X+Z




- ++/—/// /‘+(~/~/77%55
s

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

Integrating Reliability

MNeighbours [CD-Distance [F5-Weight [FS-Weight R
= 0471810 0498743 532596
52 0.224705 0.208843 0373317
51w 52 0.224581 0.29629 0363023

Copyright 2008 © Limsoon Wong

B &
Improvement to E—«-_"_é
Prediction Power by Majority Voting
o5
+ Neighbour Counting Awweight & L2 Considering only
045 & Neighbour Counting Awwseights neighbours w/ FS
0.4 ) o Heighbowr Counting weight > 0.2
025
c D2 f a .
E nzs & &‘-
& 0.z " o Dﬂ"%f
015 D“‘%ag; .
oA fi‘i
L
nos L*hf
) . . . i
0 02 04 06 08 1
Recall
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Improvement to ,__'E'__l_é
Over-Rep of Functions in Neighbours

a & o

Fraction of neighbour pairs with Functional Similarity Fraction of neighbours with Functional Similarity

a FSnkight threshold 0.2

! 081-52 1
ns2-§1 09 =13 v

:3- & $1n82 08 os2.-§1
] | Al Pairs 07
0.5 ] |_BAllPairs | A @51 52
5 o i 05 °
0.4 04
031 03
0] 0z
01
0l
0 1 2 3 4

MIPS Annotation Level

Fraction
=
=

MIPS Annotation Level

=] =] Q

Copyright 2008 © Limsoon Wong

Ef% Nlé
Use L1 & L2 Neighbours for Predicti&

* FS-weighted Average

fx(u)= ; |nt7r + Z( TR U V

veN

)+ DS (u,w)s(w, x))
weN,
I, is fraction of all interaction pairs sharing function
« ) 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
» w, is freq of function x in the dataset
e Zis sum of all weights

Z=1+ Y| Srp(u,v)+ > Sir(u,w)

veN, weN,

Copyright 2008 © Limsoon Wong
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Performance of FS-Weighted Avera v

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

1 Informative FCs
NC
0.9 7% o e
0 iy = PRODISTIN
1 " x FunctionalFlow
074 "xx = FS Weighted Avag
064 e
g .
208 "
®
a 04-x x)e
P o £
0.3 m’h,mo . %,
i ixg! @
02 o %,Q f::%o:u‘x,c
044 ‘ﬁlﬁ%m‘a -
0 b ans
O 01 02 03 04 05 06 07 08 09 1
Recall
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Application of
Sequence Comparison:
Key Mutation Site Discovery




Y -
Identifying Key Mutation Sites :-IEI-_I.E

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

Sequence from a typical PTP domain D2

»i] OO0 | FIPA-D2

EEEFKELTS IKIOND KERTONL P ANENENRYLOL IPYEFNRY L I PVEREENTD TVHASF
IDOTROEDA T IASQIP LLETIED FFRH INEWKSCH IVEL TEL EERIOE B AQYEP SDOLY
T LTVELKREEECES TTVRDL LV THNTRENES RA LROF BF B PEVG IFA DRI I 1
AAVORGOOOSONEP I TVECS AHAORTOTFCALSTVLERVEAEG ILDVF QTVIILALORP K
RATLEQYEFCYRWWOEYIDAFS DYANTK

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

SEINUS
Emerging Patterns of PTP D1 vs D =

» 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?

e These are candidate mutations that cause PTP
activity to weaken

* Confirm by wet experiments

Copyright 2008 © Limsoon Wong
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Emerging Patterns of PTP D1 vs

D2

This site is consistently conserved in D1,

but is not consistently missing in D2

= itisnotan EP

= not a likely cause of D2’s loss of function

D1 Exercise: Why?

ol

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

<7 :\ absent = possible cause of D2’s loss of function

X 6 present

Copyright 2008 © Limsoon Wong

Key Mutation Site: PTP D1 vs D

2 (B 2 2 277
gi|0000a| P D2 QFHFHGWPEVGIPSDGEGHIS I IALVQEOOOO-SGHP ITVHCSAGAGRTGTFCALSTVL
gi|lz2e4e7| FHF TSWPDFGVPF TP IGHLEFLEEVEACHP - —QY AGAIVVHC S AGVGRTGTFVV IDANL
gi| 2499753 QFHF TGWPDHGVP YHATGLLSF IRRVELSNP--FP3AGP IVVHC S AGAGRTGCYIVID ITHL
gi| 462550 OYHYTOWPDMGVPETALPVLTFVRRS S AARN--PETGPVLVHC S AGVGRTGTYIVIDSHL
gi| 2499751 QFHF TSWPDHGVPDTTDLLINFRYLYVEDYHEOSFPPESPILVHC S AGVGRTGTF IATDRLT
gi| 17099046 Dl QF OF TAWFDHGVFEHF TPFLAFLRRVETCHNF--FDAGPMVVHC S AGVGRTGCF IVIDANL
gi| 126471 QLHF TSWPLDFGVFF TP IGHMLEFLEKVETLNF--VHAGP IVVHC S AGVGRTGTF IVIDAMM
ogi| 545626 QFHF TGWPDHGVP YHATGLLSF IRRVELSNP--P3AGP IVVHC S AGAGRTGCYIVID IHL
gi| 131570 QFHF TGWPDHGVP YHATGLLGFVROVESESP - -PNAGPLVVHC S AGAGRTGCF IVID IHL
gi| 2144715 QFHF TSWPDHGVPDTTDLLINFRYLVEDYHEQSPPESP ILVHCSAGVGRTGTF IAIDRLI

* TE, T . L oTEEEEE xwww .

» 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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S9NUS
Key Mutation Site: PTP D1 vs D="-“"‘"'

gi|0oooo|F D2

gi| 126467

gi| 2499753 QFHF TGHRLY

gi| 462550 OYHY TQWPDHGVPETAL
il 2499751 OFHF TSWEDHGVEDTTD
gi| 1709906 [)]<{ QFQFTAWPDHGVPEHPT
il 126471 QLHF TSWPDFGVEFTE It
gi| 548626 CFHF TGWPDHGVETHAT
gi| 131570 COFHF TGWPDHGVETHAT
gi|2144715 OFHF TSWPDHGVEDTTD]

*

*E K%

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

Copyright 2008 © Limsoon Wong

EINUS
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 2008 © Limsoon Wong
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Concluding Remarks

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
— Protfun
— SVM-Pairwise
— Protein-protein interactions

Copyright 2008 © Limsoon Wong
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Any Questions?

Acknowledgements

» Some of the slides are based on slides given to
me by Kenny Chua
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