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 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
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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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 Key aspect of seq
comparison is seq
alignment

JHLPACPIQ 1 mdg — mismatch

{I‘T.LT EII{I III‘T.\I')]F'.

-

Sequence V match

A seq alignment
maximizes the
number of
positions that are in
agreement in two
sequences
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Sequence Alignment: Poor Exampfe” ="

 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
60 70 80 90 100

Amicyanin MPHNVHFVAGVLGEAALKGPMMKKEQAYSLTFTEAGTYDYHCTPHPFMRGEVVVE

Ascorbate Oxidase ILQRGTPWADGTASISQCAINPGETFFYNFTVDNPGTFFYHGHLGMQRSAGLYGSLI
70 80 90 100 110 120

No obvious match between
Amicyanin and Ascorbate Oxidase
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Sequence Alignment: Good Examg

 Good alignment usually has clusters of extensive
matched positions

= The two proteins are likely to be homologous
r'}giI134?5?32lrefIHP 108301, 11

114027495 | db] IBABS3762 11
Length = 105

unknown proteln [Mesorhlzoblum lotl]
unknown proteln [Mesorhlzoblum lotl]

acore = 10% bits (262), Expect = le-22
[dentities = &17106 (57%), Posltiwes = 73106 (6B%), Gaps = 17106 (0%

Muery: 1 MEPORLASIATATIFIPMAVPAHAATIE ITMENLY I SFTEVEAKVGDT IRVWVNEDVFAHT Al

ME G L ++ M4 P4 AATIE+T+ LV wF WV AEVGDTI W DV AHT
MEAGAT, TRLEWLAAT AT MALPALALT IEVT IDELVF EPATVEARVGD T [EWWNNDVVAHT A0

good match between
Amicyanin and unknown M. loti protein

Shict: 1
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Multiple Alignment: An Example“mﬂm

 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 FHFTEWPDFGVPF TP IGHNLEF LEEVELCHNP —— QY AGA TV HCS AGVGRTCTFWWIDANLD
gi| 2499753 FHFTGWPDHGVEPYHATGLLSF IREVELSNP——-FP3AGE IV AGRTCYIVIDIMLD
gi|462550] THYTOQWP DMV EPEY ALPVL TFVRRS S AARM--PETGPVEVHC S AGVGRTGTY IVIDSMLO
gi| 2499751 FHFTEWPDHGVEPDTTDLLINFRYLVEDYMEQSPPESP IRVHC S AGWVGRTGTF IAIDRLIY
gi| 1702906 FOFTAWPDHGVPEHPTPFLAFLERVETCHP——-PDAGPMYVHC S AGVGRTZCF IVIDANLE
gi| 126471 LHFTEWPDFGWVEPF TP IGHMLEF LEEVETLNP——VHAGP IWWVHC S AGWVGRTGTF IVIDAMMA
gi| 545626 FHFTGWPDHGVEPYHATGLLAF IRREVELSNP——-PaAGP IWVHCSAGAGRTGCYIVIDINLD
gi| 131570 FHFTGWPDHGVEYHATGLLGFVREOVESESP——-PHNAGPL LGRTGCFIVIDINLD
gi|2144715 FHFTSWPDHGVPDTTDLL INFRYLVRDYMEQSPPESPI VGRTGTFIAIDRLIY
_?.' THEH OESAT . I __'.'.".'.".'.".'.' '.'.".'.".'.'?.'___ W
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Application of
Sequence Comparison:
Guilt-by-Association
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Emerging Patterns

« An emerging pattern is a pattern that occurs
significantly more frequently in one class of data
compared to other classes of data

* A lot of biological sequence analysis problems
can be thought of as extracting emerging
patterns from sequence comparison results

Copyright 2006 © Limsoon Wong



A proteinis a ...

A proteinis a large
complex molecule
made up of one or
more chains of
amino acids

 Protein performs a
wide variety of
activities in the cell

Copyright 2006 © Limsoon Wong



-
EBANUS

Mational Universit

Function Assignment to Protein Sequerce~

SPSTNRKYPPLPVDKLEEE INRRMADDNKLFREEFNALPACP 1QATCEAASKEENKEKNR
YVNILPYDHSRVHLTPVEGVPDSDY INASFINGYQEKNKFIAAQGPKEETVNDFWRMIWE
QNTAT IVMVTNLKERKECKCAQYWPDQGCWTYGNVRVSVEDVTVLVDYTVRKFCIQQVGD
VTNRKPQRLITQFHFTSWPDFGVPFTP IGMLKFLKKVKACNPQYAGAIVVHCSAGVGRTG
TFVVIDAMLDMMHSERKVDVYGFVSRIRAQRCOQMVQTDMQYVFIYQALLEHYLYGDTELE
VT

« How do we attempt to assign a function to a new
protein sequence?
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Guilt-by-Association

« Compare the target sequence T with sequences
S, ..., 5, 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

Copyright 2006 © Limsoon Wong
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Guilt-by-Association

Compare T with seqs of
known function in a db

Good Sequence Alignment i

* Good alignment usually has clusters of
extensive matched positions

_ = The two proteins are likely to be homologous
Poor Sequence Allgnment M >zil 134767321 ref INP_108301.11  unknown protein [Mesorhizobium loti]
1114027493 1dbj IBAB53762.11  unknown protein [Mesorhizobium loti]
Length = 105
* Poor seq alignment shows few matched positions Score = 105 bits (262), Expect = le-22
) ) Identities = 61/106 (5T%), Positives = 73/106 (68%), Gaps
= The two proteins are not likely to be homologous

= 1/106 (0%)
Query: |1

MKPGRLAS 1ALAT IFLPNAVPAHAAT IE I THENLV I SPTEVSAKVGDT IRWNKDVFAHT 60
MGL MA PA AATIE+T++ LV SP V¥ AKVGDTI WVN DV AHT
Shict: 1  MKAGALIRLSWLAALALMAAPAAAATIEVTIDKLVF SPATVEAKVGDT IEWWNNDVVAHT 60
Alignment by FASTA of the sequences of amicyanin and domain 1 of
ascorbate oxidase

good match between
Amicyanin and u

60 70 80 90 100
Amicyanin MPHNVHFVAGVLGEAALKGPMMKKEQAYSLTFTEAGTYDYHCTPHPFMRGKVVV

wn M. loti protein

Ascorbate Oxidase ILQRGTPWADGTASISQCAINPGETFFYNFTVDNPGTFFYHGHLGMORSAGLYG
70 80 100 110

No obvious match between

Assign to T same
Amicyanin ¢ scorbate Oxidase .
function as homologs

Discard this function
as a candidate

Confirm with suitable
wet experiments

Copyright 2006 © Limsoon Wong
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BLAST: How It Works NUS

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

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

find segs with

@ | anking
T S alignment
> ap || ENTETEs
find fromdbseqs pumsam AN

J

with short perfect & x|

matches to query

seq ap X
L X

Exercise: Why do we need this step?

Copyright 2006 © Limsoon Wong




-
EBANUS

Mational University

Homologs obtained by BLAST

SCcore E
Jequences producing significant alignments: [hit=s)] Value
gi|14193VaE9 | gb| AAKSE103.1|AFS3405]1 1 protein tyrosin phosph. .. 52: e—177
gillagde|sp|P15433 | PTRL HUMAN Protein-tyrosine phosphatase. .. 2I e—177
il 4506303 |ref|NP O0=527.1] protein tyrosine phosphatase, r... EEI e—176
il 227293 | prf| 17013008 protein Tyr phosphatase B2 e—176
gil| 15450369 | ref |NP 543030, 1| protein tyrosine phosphatase, ... EEI e—176
gil 32067 | emb | CALS G377, ]| Lyrosine phosphatase precursor [Ho. .. El! e—176
gil285113 | pir| |JC1285 protein-tyrosine-phosphatase (EC 3.1.... Bl e—-176
il 6981446 |ref |NP O036595.1] protein tyrosine phosphatase, r... Eli e—176
gil 209584313 | pdb | 1¥FO| A Chain A, Receptor Protein Tyrosine Ph. .. 1E e—174
gild2d1la|emb | CAAIEEES . 1] protein-tyrosine phosphatase [Homo. .. 1 e—-174
gil 450553 | gb | AAROG150. 1 | protein tyrosine phosphatase >gi|d... 605 e—-172
gil6eWISSV|ref |NP O33006.1] protein tyrosine phosphatase, r... & - e—-172
gil 453922 |gb | AALTIYIT0. ]| protein tyrosine phosphatase alpha 99 e—170
|

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

Copyright 2006 © Limsoon Wong
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Example Alignment with PTPa

acore = 632 bits (1629%, Expect = e-1380
Identities = 2047302 (97%), Posltiwves = 2047202 (97%)

Muery: 1 SPETNREYPPLPVDELEEE INEEMADDNEI FREEFNALPACE IQATCEAARITGDICOOE. A0
wP e THNERYPPLPVDELEEE INERMADDNELFREEFNAT PACE IQATCE Ak E
Shict: 202 SPETHEEYPPLFVDELEEE INEFEMADDNELFREEFNALFACF IQATCEAARKEENKEENE 261

guery: 61  YVNILPYDHRRVHLTPYEGVPDEDY INASF INGVOERNEF I AAQGPEEETVNDFWEMIWE 120
TYNILPYDHEEVHLTPVEGYPDEDY INASE INGYQEENEF [ 440GPEEETVNDFWEMIWE
Shict: 262 YWNILPYDHEREVHLTPVEGVYPDEDY INASF INGVQEKNEF [ AA0GPEEETVNDEWEMIWE 221

Guery: 121 QNTATIVMVTHLEERKECKECAQTWPDQGCUTYONYEV SVEDVTVLVDYTVEEFC IQOWSD 130
QN TAT IVMVTHLEEREECEC A WP DO GCWTYGNYEY e VEDVTVLVDY TVEEF C TQOVGD
Shict: 313 QNTATIVMVTHNLEERKEECECAQYWRDQOCUTVENVEVEVEDVTVLVDYTVEEFC IQOVID 381

Muery: 151 VTNEEPQRLITGFHFTEWFDFGVEFTE IGMLEFLEEVEACNE(YAGA T VWHC SAGVERTG 240
VINEEPQRLITOFHF TEWPDFGYPFTE IGMLEFLERVEACNP QY AGA TVVHC S AGYVGRTG
Shict: 3082 VINEEFQELITQFHFTRWFDFGVPFTF IGMLEFLEEVEACNPOYAGA I VVHC BAGVGRTS 441

Duery: 241 TFVVIDAMLDMMHREREVDVYGFVER [EAQRCOMYOTDMOYVE IV)ALL EHYLYGDTELE 200
TEVV I DAMLDMMHREREVDYYGEVER [RAQRCOMYQ TDMOYVE [¥YQALL EHYI ¥GDTELE
Shict: 442 TFVWIDAMLDMMHIEREVDYYGEVERIEAQRCOMY)TDMQYVE IVQALLEHYLYGDTELE 501

Copyright 2006 © Limsoon Wong
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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 assighment”’

 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
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Interpretation of P-value

« Seq. comparison progs,  Suppose the P-value of an
e.g. BLAST, often alignment is 10-°
associate a P-value to
each hit « If database has 107 seqs,

then you expect 107 * 106 =
10 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 2006 © Limsoon Wong
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The IMP Dehydrogenases (IMPDH

13 entries were found

m | Organism | PIR \ Swiss-Prot/TrEMBL | RefSeq/GenPept
21582300 mosine-2-monophosphate
. .- Ef4381 conserved hypothetical protein . . dehydrogenase (gual)
NFEO0181857 Methanococcus jannaschi MI0653 ¥653_WETIA Hypothetical protein MI0653 WP 247637 inosine. S-monophosphate
dehyrdrogenase (gual)
G69555 MI0ESS homolog AF0547 22648754 innsine monophosphate
: ALT NAMES: inosine-monophosphate 028411 INOSINE MONOPHOEPHATE dehydrogenase (guabB-1)
WO i selipeleb s e s dehydrogenase (guab-1) homolog DEHYDROGENASE (GUAE-1) NF_069621 inosine monophosphate
[tmisriomer] dehydrogenase (guab-1)
F9514 wvheV homolog 2 22643410 inosine monophosphate
. ALT MAMES: inosine-monophosphate 028162 INOSINE MONOPHOSPHATE debyrdrogenase (guab-2)
NF00188267 \Archaeoglobus fulgidus dehydrogenase (guab-2) homalog DEHYDROGENASE (GUAB-2) HP_070943 inosine monophosphate
[tristiomet) dehydrogenase (guabB-2)
% Z Z ophosphate
e
wrooisse e A\ PDArtial list of IMPdehydrogenase miSNOMers s
- - - - lve
hosphat
in complete genomes remaining in some pestorph
HEOD157776 (Thermo b I Z d b nonophosphate
public databases S
anophosphate
LTI LUl J.I.UJ.I.I.LFJUE FLLY I A R AR | .
MEO0414709 Methanothermgb acter AL—T_NA.MES: inasine-monophosphate 027204 INOEINE-3-MONOPHOSFHATE dehydrogegase lrelatnlad protein ¥
—— thermautotrophicus dehydrogenase relsted protein V [misnomer] DEHYDEROGENASE RELATED PROTEIN ¥ ME_276354 ino sine-S-monophosphate
dehyrdrogenase related protein ¥
D&ES035 MWT1232 protein homolog MTH126 21166 inosine-3-monophosphate
P g phosp
NE0041451 1 Plethanothermobacter ALT _NAMES: inosine-5-monophosphate 026220 INOSINE- 5 MONOPHOSPHATE dehydrogenase related protein V11
= (thermautotrophicus dehydrogenase related protein VII DEHYDROGEN ASE RELATED PROTEIN VII MP 275260 inosine-3-monophosphate
[misriomer] dehyrdrogenase related protein WII
. 22622093 inosine-A-monophosphate
Methanothermebacter He9232 M1 225-related protein MTHD22 (027073 INOSINE-5-MONOPHOSPHATE debpdrogenase related protein I3
HED0414537 ALT _NAMES Forog r
. iy " innsine-S-monophosphate T X
thermautotrophicus dehydrogenase relsted protein IX [misnome] DEHYDEROGEN ASE RELATED FROTEIN [ E_Ph-{ifﬂ o sm;!—j -;nanap_hulsghate
ehydrogeniase related protemn
2622697 inosine-J-monophosphate
NE00414565 Methanothermobacter E%j’;};; Shﬂlﬂu‘zﬁf fmm —— (027616 INOSINE-5-MONOPHOSPHATE dehydrogenase related protein 3
—— thermautotrophicus deber ) p L DEHYDROGENASE RELATED FROTEIN X MP_2YR68T inosine-S-monophosphate
ehydrogenase related protein X [frisnomer) P .
dehydrogenase related protein X

Cop
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IMPDH Domain Structure

dplp PChOCSEYT: PROCOOZ2O1,IMP dehydrogenase £ WP reductase signature
e PFOOS7E: IMP dehydrogenase / GMP reductase C terminus
s PFOOST1: CBS domain
AR PFO1381: Helix-turn-helix
L] PFO157<: IMP dehydrogenase § GMWP reductase N terminus
Aap FPFOZ195: FarB-like nucleaze domain
AZ1997 min .
FVSFOO0AR0) ettt et et o Aooioiololok | soloilolololok o1
EY0Z18 il s
(SFO00131) o eieiee e et iatah 04 ‘\
EG4381 , ; ; ; T
(SFOD4BAE) YTy e e 184 <,':I IMPDH Misnomer in Methanococcus jannaschii
GE355 : <:|
(SFODGON)  slolobiobok  soliiakalobok 159

(SFO0ABE e . 183 <::| IMPDH Misnomers in Archaeoglobus fulgidus

BEOA0T )
(SFODABOS)  ohokhoiobde Adoidoddoh 2% (I

 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 2006 © Limsoon Wong
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Invalid Transitive Assignment
Root of invalid transitive assignment

iphosphonbosyl-AMP cyclohydrolase (EC
B::} ™ H70468 |SFOD1258 051440 3.5.4.19) / phosphoribosyl- ATP pyrophosphatase |Aquifex aeohces
(EC 3.6.1.31) [similarity]

phosphonbosyl-AMP cyclohydrolase (EC
M 376963 |SFOD1258 | 039935 3.5.4.19) f phosphonibosvl-ATF pyrophoshatase || Synechocystis sp Prok/gram- |557.0  |5.7e-24 230/ 39,175 (194 | so—
(EC 3.6.1.31) [sumilanity]

[ T35073 [SF029243 005738 jorobable phosphonbosyl- AMP cyclohydrolase  [Streptomyces coelicolor  Proldgram® 3993 [3.5e-15 (128 42.157 102 | e

phosphorthosyl-AMP cyelohydralase (EC

3.5.4.19) [ phosphonbosyl- ATP pyrophosphatase
(EC 3.6.1.31) / lushdinol dehydrogenase (EC
1.1.1.23)

Prok/other |5%4.3  |4.8e-26 205 [39.086 197 | seeS—

7553340 |SFOO1257 001182 Saccharomyces cerevisiae [Euk'fungn (3841 |2.5e-14 79931363 (204 | e—

— | |
M Ess493 [SF029243 005738 Vgh;z“];;“h[ﬁ;imf cyclohyirolase (EC Archaeogiobus fulgidus  |Archae 3968 [48e-15 108 47778 (00 | s

O::} [ Ge4377 (SFO0se33 p3gsyy [ChesthonbosylATP pyrophosohatase (EC

3.6. 1g31) [similary

phofphoribosyl-ATP pyroghosphatase (EC
3/. 1.31) NMBO603 [ similarity]
ihosphorbosyl- ATP pyrophosphat A - B - C == A - C
.3' 6.1.31) NILADEDT [ sirdlarity)
phosphonbosyl- AMP cyclohydrols
3.5.4.19) / phosphonbosyl-ATP py
(EC 3.6.1.31) { hishdinol dehydrog
1.1.1.23)

] ) -
Mis-assignment A (SF029243)

Methanococous jannaschi |Archae 2469 |1.1e-06 ’; 36.842 (95

[T DaLL7?e ||SFODGE33 |1|]]491 |H'P1qm=ﬂn metinoitidie |P~rnln"w::|rn. 7300 |? fir_MNA I; 15 737 |22/
[

M Gg1o2s ||SFO06833 ||101491

B (SF001258)

[T 851513 ||SFOO1257 (00jA8E

C (SF006833)

of function No IMPDH domain”
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Emerging Pattern

Typical IMPDH Functional IMPDH w/o CBS

dplp PChOCSEY: PDOCOO291, IMP dehydrogenase ductasze signat
e PFOOS7SE: IMP dehydrogenase / GMP reductagd C terminus
s PFOOST: CBS domain
AR FFO1381: Helix-turn-helix
L] FFO157<: IMP dehydrogenase ductasa N term

A31987 A / syl .
(SFODCI30Y ke o o ot ] *7‘*‘ B o1
E70Z12 ol . a04

(SFO00131) e o o o o s o

EG4381 , : . : -
(SFODGE0E) — ofcdofcpolod  dalolokiololok 184 <,':I IMPDH Misnomer in Methanococcus jannaschii

509355 : 1g8 <:I

(SFO04G95) — wololoolojolak  Molololodojolok

(SFO0ABE e . 183 <::| IMPDH Misnomers in Archaeoglobus fulgidus

BEOA0T )
(SFODABOS)  ohokhoiobde Adoidoddoh 2% (I

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

Copyright 2006 © Limsoon Wong
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Sequence Comparison:
Active Site/Domain Discovery
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Discover Active Site and/or Doma

e 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 2006 © Limsoon Wong
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Multiple Alignment of PTPs

gill1z26467] FHFTSWPDFGVPFTP IGHMLEF LEEVERLCHP —— OV AGA TVVHC S AGYVGRTGTFVYIDAMLD
ogi|=2499753 FHFTGWPDHGYPYHATGLLAF IRRVELSNP-—PRAGP IVVHCS AGAGRTGCYIVIDINLD
gi|462550] THY TOWP DM PEY ALPVYLTFVRERS S AARN-—-PETGPVLVHC S AGVGRTGTY INIDS ML O
gi|=2499751 FHFTAWFPDHGVEPDTTDLL INFRYLVEDYMEQSPPESP ILVHC S AGVGRTGTF IATIDRELIY
gi| 17095906 FOFTAWPDHGYPEHPTPFLAFLERVETCHNP-—PDAGPMVWVHCS AGVGRTGCF IVIDAMLE
gill126471] LAFTEWPDFGVPF TP IGHMLEF LEEVETLNP-—VHAGP IVWVHC S AGVGRTGTF INIDAMMA
ogi|548626] FHFTGWPDHGYPYHATGLLAF IRRVELSNP-—PRAGP IVVHCS AGAGRTGCYIVIDINLD
ogi|131570] FHFTGWPDHGYPYHATGLLGFVREOVESESP——PNAGPLVVHCS AGAGRTGCF INIDINLD
gil=2144715 FHFTAWFPDHGVEPDTTDLL INFRYLVEDYMEQSPPESP ILVHC S AGVGRTGTF IATIDRELIY
LF EEE L * L EEEEEE EEEE . hE

 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?
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Phylogenetic Profiling

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
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Copyright 2006 © Limsoon Wong

E. coli  (EC] H. influenzae (H1)
‘ ‘ Profile Clusters:
N
- - P 1 0 o
Phylogenetic Profile: |
EC SC BS HI ‘I‘T R
7 110
Pl T
P 1 [ _>
Fi 0 1 1 [Pi ] 1 |—{ s 11
P2 1 L
= o i ]
P a1 1 e 0 1 1
F7 i 1 0
M

‘ Conclusion: »2 and P7 ore fumctionally linked ,

Fi and Ph are fenctionally linked

Mational University
of Singapore
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Phylogenetic
Profiling:
How it Works
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Phylogenetic Profiling: P-value

The probability of observing by chance z occurrences of genes X and Y in a set
of N lineages, given that X occurs in z lineages and Y in y lineages is

W, * W,

P(ZlN,J:,y) - T

where
(N)
/wwz =
No. of ways to distribute z z
co-occurrences over N — N -2 N -1z
lineage's Wz = T — 2 * y— 2
| / o N . N «____ No.of ways of

No. of ways to distribute T Y distributing X and Y
the remainingx—zandy -z over N lineage's
occurrences over the remaining without restriction

N —z lineage's

Copyright 2006 © Limsoon Wong
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Pellegrini et al., PNAS, 96:4285--4288, 1999
No. of non- No. No.

homologous neighbors  neighbors
proteinsin  in keyword in random

Keyword group group group
Ribosome bl 197 27
Transcription 36 17 L0
tRNA synthase and ligase 26 11 3
Membrane proteins® 25 89 5
Flagellar 21 89 3
Iron, ferric, and ferritun 1Y 3l 2
Galactose metabolism I8 RY 2
Molybdoterin and Molybdenum,
and molybdoterin 12 6 I
Hypothetical 1,084 108,226 8,440

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

Copyright 2006 © Limsoon Wong



B8 &
Phylogenetic Profiling: Evidence® 2

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

> 0.9
A © : :
= 0 hamming distance
S - o JIKEGG
L 25 = #lineages X occurs +
=T |
S S 9o (ny #lineages Y occurs — 0COG
o 0 0 s
= c 0O 2 * #lineages X, Y occur
S ono
o o
SE @0
qC_D g 8 (La 0
c
S © T X0
§ > & = 0
EE5
e
< c
T

5 10 15 20 25 30 35
é 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 @fﬁp & o
when performing its e @ A # & &
. . . ,515 ‘)&5& @#‘ o

biological function o*?’ % @d} A o@“ B
‘o M’” <z:=° ﬁ“’ o ﬁ’
Q}'ﬁ@\@ .@_\) ‘}\} D ,5: ‘59 S (?GEFP
It operates using the same | o e 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?

These have associated
consensus motifs,
patterns, etc.
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 feature

of protein
arious

ion methods

|Ahhriuiatiun | Encoding | Description

|ec |5ing|e valle |E}dincti|:|n coeflicient predicted by ExPASY ProtFaram

|graw |single valle |H3rdr|:|phnhicitg.r predicted by ExPASY ProtParam

|nneg |5ing|e value |Numberufnegatively charged residues counted by ExPASY ProtFaram
|np|:|5 |5ing|e valle |Numherufpnsitively charged residues counted by ExFASY FrotFaram
|ng|~_.f|: |p|:|tential in 4 hins |N-g|ycusylatinn sites predicted by et Gl

||:|glyc |putential-threshnld in10hins |GaINAc O-glycosylations predicted by MetDGlyve

Ipest (fraction in 10 bins \PEST rich regions identified by PESTAind

|ph|:|sET |p|:|tential in10hins |Serine and threonine phosporlations predicted by HetPhos

|ph|:|5‘rr |p|:|tential in 10 hins |Tﬁ,rr|:|sine phosporylations predicted by HetFhos EX[rad
|p5ipred |he|i}{, sheet, coil in 5 bins |F'redicted secondary structure from FSI-Fred profi |e
|p5|:|rt |2III probahilities |Subce|lu|ar location predtions by FS0ORT H

|seg |fracti|:|n in10 hins |an-c|:|mplexitg.r regions identified by SEG 2§Lig:n\:
|5igna|p |mean5, maxy, logicleavage pos) |5igna| peptide predictions made by SionalF bbb
|tmhmm |inside, outzide, membrane in & hins |Transmembrane helix predictions made by ThiH

Average the output of

Hidden
Category ‘ units ‘ Input features
Amino acid hinsynthesis 30 |E|: psipred psort tmhmim
30 |E|: psipred trmhmm

30 |EE netoghyc psipred psort

30 |graw psipred psort

the 5 component ANNS 20 [ogiye psipred psor
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ProtFun: Evidence

PO P E Y
,i"} & =) 4 § rﬁh :;sk )
HIHLTZR - combinations of
2 | S — features” seem to
gg g O O ggo ) F Amino acid biosynthesis characterize some
QO @) (O | Biosynthesis of cofactors .
o5 6 60 @® |memm  functional
O @ e 8 & OO L Cellular processes Categories
o 00 °@0  ® |muumman
O O O O O @ - Energy metabolism
O & O O O O - Fatty acid metabolism
O OO O O O - Purines and pyrimidines
2 e é e O Q - Regulatory functions
c 0 0O @ @y
O O O O O QI Translation
O O o O O O - Transport and binding
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ProtFun: Example Output

Prion Ad TTHY

Amino acid biosynthesis 0.011 Ull [J Ull e At the seq |eve|
Biosynthesis of cofactors 0.041

Cell envelope 0. 146 Prlon A4 & TTHY
Cellular processes 0.027 0.027 0.051 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 .
Purines and pyrimidines 0.528 0.417 0.153 * ProtFun predicts
Regulatory functions 0.013 0.014 0.014

Replication and transcription 0.020 0.029 0.040 them to be cell

envelope-related,
tranport & binding

Translation
Transport and binding

Enzyme 0.233 0.367 0.227

Non-enzyme 0.767 0.633 0.773

Oxidoreductase (EC 1.—.—.—) 0070 0024 0055 * Thisis in agreement
Transterase (EC 2.—.—.—) 0.031 0.208 0.037 w/ known

Hydrolase (EC 3.-.—.—) 0.101  0.09 0208 ) :

Isomerase (EC 4.—.—.—) 0020 0020  0.020 functionality of

Ligase (EC 5.—.—.-) 0010 0010  0.010 these proteins

Lyase (EC 6.—.—.—) 0017 0078  0.017 P
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ProtFun: Performance

1.0 T -

Amino acid biosynthasis
Biosynthesis of cofactors

Cell envelope

== Cellular processes

Central intermediary metabaolism
——— Energy metabolism

0.8 +

@ Fatty acid metabolism
® 0.6 | Purines and pyrimidines
£ Regulatory functions
'E Replication and transcription
+1 —— Translation
2 0.4 -~ Transport and binding
2 0.
— !
0.2 |
[ ' e s
Dlg-ilﬁp— e e = I I T
0.0 0.2 0.4 0.6 0.8 1.0

Sensitivity
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SVM-Pairwise Framework

Training Training Features
Data
Feature St %2 s Support Vectors
S1 Generation R S, f, f, fis Training R Machine
S2
Sy far Top T3 o (Radial Basis
S3 j'fﬂ f3, fa3 ... Function Kernel)
f31 is the Iocal / vre e aas l
alignment score
between S; and S, Trained SVM Model
(Feature Weights)
Testing Testing Features l
D
ata Feature S1 S, Sg
T1 Generation | T f, f, f, .. Classification RBF
T2 T2 f21 f22 f23 Kernel

T3 Ty o fa fas - l
/

f31 is the local e cer e e
alignment score
between T; and S,

Discriminant
Scores

Image credit: Kenny Chua
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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.

No. of families with given performance

No. of families with given performance

60

50

40

30

20

(=18]

50

40

SEAANUS

Mational University

SVM-pairwise ———
SWM-Fisher -—s—

SVM-pairwise ———
SWMN-Fisher

KMNM-pairwis
PSs

edian RFP
UPDVITU

m




Protein Function
Prediction
from Protein Interactions

TN US
%%

National University

of Singapore




. . B8 &
An illustrative Case of NUS
Indirect Functional Associlation?

SH3 Proteins SH3-Binding

YiO24c .\ Proteins

Yvs167 ——e@ Lasl7

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

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

Copyright 2006 © Limsoon Wong



Freq of Indirect Functional Associat

YALO12W
11.1.6.5
[1.1.9
| | | |
YJR091C YMR300C YPL149W YBRO55C YMR101C
]1.3.16.1 ]1.3.1 114.4 ]11.4.3.1 |42.1
116.3.3 120.9.13
142.25 —
'—l—' 114.7.11 YDR1
[1.1. ) ) .
YPLO88W YBR293W 1.1 [Shared Functions with Fraction
12.16 116.19.3
11.1.9 142.25
11.1.3 ) )
11.1.9 YBLO72C Level-1 neighbours exclusively 0.016338
i Level-2 neighbours exclusively 0.226374
| I [~ [Level-1 and Level-2 neighbours 0463960
YBR0O23C YLR330W YBLO61C YLR14( [Level-1 or Level-2 neighbours 0. 706872
110.3.3 11.5.4 11.5.4 —mm -
132.1.3 134.11.3.7 110.3.3
134.11.3.7 |41.1.1 118.2.1.1 116. /
142.1 |143.1.3.5 132.1.3 ]20.1.10
143.1.3.5 143.1.3.9 |42.1 [20.1.21
143.1.3.9 143.1.3.5 [20.9.1
11.5.1.3.2 | |1.5.1.3.2
YKLOOG6W I [ [
| 112.1.1
YOR312C 116.3.3 YPL193W YDLO81C YDR0O91C YPLO13C
[12.1.1 [12.1.1 |12.1.1 11.4.1 |12.1.1
- ]12.1.1 142.16
112.4.1
116.19.3
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Over-Rep of Functions in Neighbo

* Functional Similarity:

FNF,

()= uFJ

J

« where F, is the set of
functions of protein k

* L1NL2neighbours show
greatest over-rep

L3 neighbours show little
observable over-rep

Copyright 2006 © Limsoon Wong

Mational University

B8 &
95 NUS

Fraction

0.9 -
0.8 -
0.7
0.6
0.5
0.4 4
0.3 -
0.2 -
0.1

Fraction of neighbour pairs with Functional Similarity

O51-582
os2-51
m 5152
W All Pairs

L

MIPS Annotation Level

5

Source: Kenny Chua
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Prediction Power By Majority Voti e

Source: Kenny Chua

o Remove overlaps in Ieve|-1 Sensitivity vs Precision
. 1
and level-2 neighbours to oo | oLL-L2
study predictive power of 05 |1 o
“level-1 only” and “level-2 071 %
” . 206 §
only” neighbours z .| %
« Sensitivity vs Precision 8 04
analysis 03
K K 0.2 A
k. k. 0.1 - O A
pR:¥ SN:% N
0O 01 02 03 04 05 06 07 08 09 1
[ mi Zi ni Precision

* n, is no. of fn of protein i @ ’ .
* m, is no. of fn predicted for = “level-2 only nelghbours

protein i performs better

* k; is no. of fn predicted .
correctly for protein i = L1NL2 nelgh_bo_urs has
greatest prediction power
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Use L1 & L2 Neighbours for Predictigh

« Weighted Average
— Over-rep of functions in L1 and L2 neighbours

— Each observation of L1 or L2 neighbour is summed
1

1. (u) = —| Ar, 7T, + Z {SIR (zr,v)cﬁ'(v_._ x)+ Z Sre (uﬁw)&(w.:f)]
L veN, welN.,
e Sr(u,v) is an “index” for function xfer betw u and v,
d(k, x) =1 if k has function x, 0 otherwise
N, is the set of interacting partners of k
=, is freq of function x in the dataset
A is contribution of background freq to the score
* 1, IS fraction of all interaction pairs that share some functions

Z=1+ Z(Sm(r,;,v)Jr > Si (u?w)J

VEN, WweN, Source: Kenny Chua
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Functional Similarity Estimate: NN?HS,,

Czekanowski-Dice Distance
 Functional distance between two proteins @uneta, 200

IN,AN, |
IN, UN,|+[N, A N,[°
@
* N, is the set of interacting partners of k
» X A'Y is symmetric diff betw two sets X@ Y

* Greater weight given to similarity

D(u,v)=

= Similarity can be defined as

S(u,v)= X

Source: Kenny Chua
Copyright 2006 © Limsoon Wong




Functional Similarity Estimate: NUS

Modified Equiv Measure
 Modified Equivalence measure

nnnnnnnnnn

2N, NN, 2N, NN,

SV =N 2N, N TN =N 2N, N

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

Exercise: What else should

= Rewriting this as we consider in this formula?
) 2K 2X
2X+Y 2X+”Z

Source: Kenny Chua
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Reliability of Expt Sources

 Diff Expt Sources have diff | source Reliability
I’e|labl|,tles o Affinity Chromatography 0.823077
— Assign reliability to an — N—
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:
Purified Complex 0.891473
- 1 | I (1 Reconstituted Complex 0.5
ek, , Synthetic Lethality 0.37386
e r;is rellablllty of expt Svnthetic R 1
source i, ynthetic Rescue
* E,, is the set of expt Two Hybrid 0.265407
sources in which
interaction betw u and v is
observed Source: Kenny Chua
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An “Index” for Function Transfer NPS

Based on Reliablility of Interactions

« Take reliability into consideration when
computing Equiv Measure:

2 Z u,w vw 2 Zru,wrv,w
S(uv)= we(N, N, ) o we(N, N, )

Sor Fidnl2 S (S Sl o,

we(N, AN, ) we(N, AN, )

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

Source: Kenny Chua
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Functional Similarity Estimate: NUS

Transitive Functional Association

o If protein u is similar to protein w, and protein w
is similar to protein v, proteins u and v may show
some degree of similarity

 So we estimate functional similarity betw u and v
by product of functional similarity betw u and w,
and that between w and v:

Sreltr.v)= max{f Sy (2, v), max Sgler, w)Sg(w, 1-‘}\

welN, J

Copyright 2006 © Limsoon Wong
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Correlation with Functional Similarity =

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

Transitive F5-
[Meighbours [CD-Distance [F5-Weight [F5-Weight B[ Weight B

51 0471810 0498745 0.532596 532610
S 0.224705 0. 208843 0.373317 351966
51w So 0.224581 0.29629 0363025 369378

Source: Kenny Chua
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Performance Evaluation

. Predlctlon performance Informative FCs
improves after 1-
incorporation of 0.9 ) gﬁuz
interaction reliability 0.8 —=— PRODISTIN
0.7 —+— Weighted Avg
2 06 —%— Weighted Avg R
= Indirect functional & 0e
. . . . 0 Y
association is plausible § 04 |
= It is found often in real 0.3
interaction data 0.2
= It can be used to improve 0.1
protein function prediction © = —
from protein interaction 0 0102 03 04 0506 07 08 09 1
Precision

data

Source: Kenny Chua
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Application of
Sequence Comparison:
Key Mutation Site Discovery




e _ _ =m &N
ldentifying Key Mutation Sites US

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

Sequence from a typical PTP domain D2

>gi| 00000 PTPA-DZ ///
EEEFEKKLTSIKIQNDEKMRTGNLPANMKKNRVLQIIPYEFNRVIIPVEKRGEENTDYVNASF
IDGYROQKDSYIASQGPLLHTIEDFURHIWEWKSCS IVILTELEERGQEKCAQYWPSDGLV
SYGDITVELKKEEECESYTVRDLLVTNTRENKSRQIRQFHFHGWPEVGIPSDGKGMISII
AAVQKQQQQSGNHP ITVHCSAGAGRTGTFCALSTVLERVKAEGILDVFQTVKSLRLQRPH
MVQTLEQYEFCYKVVQEYIDAFSDYANFK

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 2006 © Limsoon Wong
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Emerging Patterns of PTP D1 vs C C?

 Collect example PTP D1 sequences
 Collect example PTP D2 sequences
 Make multiple alignment A1 of PTP D1
 Make multiple alignment A2 of PTP D2

o Are there positions conserved in A1 that are
violated in A2?

e These are candidate mutations that cause PTP
activity to weaken

o Confirm by wet experiments

Copyright 2006 © Limsoon Wong
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Emerging Patterns of PTP D1 vs ) s

T E
D2 < _ This site is consistently conserved in D1,

but is not consistently missing in D2

= It Is not an EP
- - = not a likely cause of D2’s loss of function

D1< Exercise: Why?

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

. "\/';\ absent —> possible cause of D2’s loss of function

f—

x @D rresent
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Key Mutation Site: PTP D1 vs D

SEAANUS

Mational University

2 o7 2 2 2 77

ogi|ooooo| P [)2 QFHFHGUPEVGIPSDGEGHIS ITAAVOEQOQO-SGNHP ITVHCS AGAGETGTFCALSTVL

gi| 126467
oi| 2499755
oi| 462550
il 2499751
gil 1709906
gil 126471
oi| 545626
gil 131570
gilZ144715

DX}

AAFHFTSUPDFGUVPF TP IGMLEF LEEVEALCHNP —— QY AGATVVHC S LGVGRTG TRV IDAML
QFHF TGWPDHGVPYHATGLLAF IRRVELSNP--P3AGP IVVHCSAGAGRTGCYIVID ITML
YHY TOWPDMGYVPEY ALPVLTFVRRESAARN--PETGPVLVHC S AGVGRTGTYIVIDSNL
QFHF TEWFDHGYPDTTDLL INFREYLVEDYMEQSPPESF ILVHC S AGVGRTGTF IAIDELI
QFOF TAWNPDHGVPEAP TPFLAFLERVETCHE--FPDAGPMVVHCSAGVGRTGCF IVIDAML
QLHFTEWPDFGVPF TP IGMLEFLEEVETLNP --VHAGP IVWVHCS AGVGRTGTF IVIDAMM
QFHF TGWPDHGVPYHATGLLAF IRRVELSNP--P3AGP IVVHCIAGAGRTGCYIVID ITML
QFHF TGWFPDHGYPYHATGLLGFVRONVESESP -—PNAGPLVWVHC S AGAGRTGCF IVID ITML
\QFHF TEWPDHGYPDTTDLL INFRYLVEDYMEOSFPESP ILVHCSAGYGETGTF IAIDRELT

* ., w®E_ *_% ] . FEREEE REEE

 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
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Key Mutation Site: PTP D1 vs D2% ==

of Singapore

?
gi|00000|F [)9 QFHFHGUF

gi|126467] 7 QFHF TSR

gi| 2499753 QF HF TGRS 1
gi| 462550 OYHY TOWPDMGVPETAL
gi|2499751 OFHF TSWPDHGVEDTTD]
gi| 1709906 [)1< OF QF TAWPDHGVFEHETI
gi|1z6471] OLHF TSWPDFGVEFTE It
gi| S45626] OFHF TGWPDHGVE THALT
gi| 151570 OF HF TGWPDHGVE THAT:
gi|z144715 \ OFHF TSWPDHGVEDTTD]

* . '.'.".'.'_ '.'.'_'.'.'

 Positions marked by “!” are even more likely as 3D
modeling predicts they induce large distortion to
structure
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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 2006 © Limsoon Wong



Any Questions?
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