CS2220: Introduction to Computational Biology
Lecture 8: Sequence Homology
Interpretation

Plan

* 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 1

* 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

+ 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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ZINUS
Sequence Alignment: Poor Exampi” =

* 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 80 990 100
Amd cyan in MPHNVHFVAGVLGEAALKGPMMKKEQAY SLTFTEAGTYDYHC TP HPFMRGEVVVE

Ascorbate Oxidase ILQRGTPWADGTASISQCAINPGETFFYNFTVDNPGTFFYHGHLGMQRSEAGLYGSLI
70 80 90 100 110 120

No obvious match between
Amicyanin and Ascorbate Oxidase
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* Good alignment usually has clusters of extensive
matched positions

= The two proteins are likely to be homologous

r-bgi|134?6?32|ref|ﬂp 108301.11  unknown protein [Mesorhizoblum loti]
21114027493 1db) IBAB53762.11  unknown protein [Mesorhizoblum lotl]
Length = 105

Score = 105 bits (262), Expect = le-22
Identities = 617106 (57%), Positives = 73/106 (68%), Gaps = 1/106 (O0%)

Query: 1 MEPGRLASIALAI IFLPMAVPAHAATIE I TMENLY I SPTEVEAKVGDT IRWWNEDVFAHT 60
ME G L ++ MA PA AATIE+T++ LV SP V AKVGDTI WVN DV AHT
Shict: 1 MRAGALIRLSWLAALAIMAAFAAAATIEVTIDELVFSPATVEARVGDT IEWVNNDVVAHT 60

good match between
Amicyanin and unknown M. loti protein
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ZINUS
Multiple Alignment: An Examplew"

* 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
ogi| 126467 FHFTSWPDFGVPF TP IGHLEF LEEVEACNP ——- Q¥ AG ATV HC S AGVGRTGTFVV IDANLD
gi| 2499753 FHF TGWPDHGVE YHATGLLAF IRRVELSHNP—-P3AGF IV WEAGRTGCYIVIDINLD
ogi| 462550 THYTOWFDHGVPEYALPVLTFVRRSIAARM--FETGEV. VGRTGTYIVIDIMLO
1| 2499751 FHETSWFDHGY P DT TDLL LMERY LWHD Y MEOSEPESE L ARG LALDEL LY
ogi| 1709906 FOFTAWPDHGVPEHPTPFLAFLRERVETCNP——FD LGP MY VGRTGCFIVIDAMLE
il 126471 LHFTSWPDFGVPF TP IGHLEFLEEVETLNP —-VHLGP IW VGERTGTFIVIDAMMA
ogi| 548626 FHFTGWPDHGVP VHATGLLSF IRRVELSNP——-PS LGP IV AGRTGCYIVIDINLD
gi| 131570 FHFTGWPDHGVP YHATGLLGFVROVESKSP-—-FIHAGEPL AGRTGCFIVIDIMLD
gil2144715 FHFTSWFDHGVPDTTDLL INFRYLVRDYMEQSPPESF I WEVGRTGTF IAIDRLIY
__1? TEE OEEE . * __a-a-a—w wa—wa—___ E ..

Conserved sites




Application of
Sequence Comparison:
Guilt-by-Association

A proteinis a ...

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

* Protein performs a
wide variety of
activities in the cell
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Function Assignment to Protein Sequ

SPSTNRKYPPLPVDKLEEE INRRMADDNKLFREEFNALPACP IQATCEAASKEENKEKNR
YVNILPYDHSRVHLTPVEGVPDSDY INASF INGYQEKNKF IAAQGPKEETVNDFWRMIWE
QNTAT IVMVTNLKERKECKCAQYWPDQGCWTYGNVRVSVEDVTVLVDYTVRKFCIQQVGD
VTNRKPQRL ITQFHFTSWPDFGVPFTP I GMLKFLKKVKACNPQYAGA I VVHCSAGVGRTG
TFVVIDAMLDMMHSERKVDVYGFVSRIRAQRCQMVQTDMQYVF I YQALLEHYLYGDTELE
VT

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

Copyright 2010 © Limsoon Wong

FINUS
Invariant and Abductive Reasoniny” =

* Function is determined  — Abductive reasoning
by 3D struct of protein & — If those invariant

environment protein is in properties are seen in a
protein, then the protein

is homolog of this protein
» Constraints imposed by

3D struct & environment
give rise to “invariant”
properties observed in

Entailment A= B

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

= “Guilt by association”
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| . g NUS
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

Copyright 2010 © Limsoon Wong

14
SINUS
Guilt-by-Association -

Compare T with seqs 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 g 137600 10600 00,11 ks proin (it sabvn L]
—_— itk 11 ko proein Dserhres o ri]

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

Gacrs | VRPORLASIALATIFLPRAVPAHAN'

L ove B Fh AN
Sajurs | ICHGALIFLIVLAAL ALKAAFARAAT
Alignment by FASTA of the sequences of amicyanin and domain 1 of

52), Sepact = lo-22
el iy
good m hetween
ascorbata oxidase - . 9
Amicvanin and uf i M. loti protein
6 70 an 9 100
FVAGVLGE RAL TPTEAGTYDYHCITHITHIG

Ascorbate Owidase 1007 GETFFYNFTVONRG
£ w0 0 100 110

}lo <Jb\iuli5 match b\:lwc:rf ASSign tO T same
Amicymn scorbate Oxidase -
l function as homologs

Discard this function = ; ;
e m eErGEE Confirm with suitable

wet experiments
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BLAST: How It Works 95w

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

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

find seqs with

anking

[ @b |
findfromdoseqs pEEEEEESE AN
with short perfect | & X
matches to query
seq

Exercise: Why do we need this step?
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TINUS
- R Underiy
Homologs obtained by BLAST ~'=
Socore E
Segquences producing significant alignments: (bit=s) Value
oil14193729 | gb| AAKS56109. 1| AF332081 1  protein tyrosin phosph... 62: e-177
il 126467 |sp|P15433 | PTRA HUMAN Protein-tyrosine phosphatase... 62| =177
gi|4506303 |ref|NP 002827,.1]| protein tyrosine phosphatase, r... 62| e-176
oil227294|prf| | 17013004 protein Tyr phosphatase £z20 e=176
gi118450360 | ref | NP _S43030.1| protein tyrosine phosphatase, ... ! e-176
il 32067 [ emh | CALIT447 .1 tyrosine phosphatase precurscr [Ho... 51! E=176
gqil285113 |pir| | JC1285 protein-tyrosine-phosphatase (EC 3.1.... 619 e=176
gi| 69581446 | ref|NP 0365895.1] protein tyrosine phosphatase, r... 61: e-176
qil 2095414 | pdla| 1¥FO| A Chain A, Receptor Protein Tyrosine Ph... 61E e-174
qil323153 |emb | CALISE662.1| protein-tyrosine phosphatase [Homo... 61 e-174
oi|4505585 |ghb| AARO4150.1 protein tyrosine phosphatase >gi|4... 505 e-172
gil| 6672557 |ref| NP 033006.1] protein tyrosine phosphatase, r... & - e-172
il 453922 | oqb | AALITI90.1| protein tyrosine phosphatase alpha 99 e-170
T -
* Thus our example sequence could be a protein
tyrosine phosphatase o (PTPa)
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NS
Example Alignment with PTPa ==

Hooro = 632 hits (1620%, Expoct = o 120
Identities = 2947302 (97%), Positives = 284/302 (97

mevy- 1 SPATHRKYPPTFVDRT RRETNERMATINKT FREEFNAT P ACE TOATCRS ASTHRTEINRR Al
SPETHREYPPLFVDELEEEI NEEMATINEL FREEFNALP ACE IQATCEL A R
Shict: 212 SPETNRKYPPLFYDELEEEINRRMADDNKLFREEFNALFACP [QATCE4ASKEENEERNR 2£1

Mmery: 6] YYNILPYDHSRVHLTPVECGWPDSDY [INASF INGVQEKNKF [AA0GPEEITVNDFUWEMIVE 120
TN ILPYDHRRVHLTPVEGYPDEDY INASF INGTQEENKF [AAQGPEESTYHDFWEMIWE
Shict: 242 TVNILPVDHSRVHLTPVEGVPDSDY INASF INGTQEKNKF [AAQGPEESTYNDFUEMIVE 321

(mery: 121 QNTATIVMYTNLRERKECKL AQTWPDOGCUTYGNVRYEVEDYVTVLVDYTYREFC I0QVGD 120
ONTAT TV THLEERKE CEZ AQTWE DGO TVGHVEV S VEDV TVLVDYTVERFC [ 0QW3D
Yhict: 322 QNUAT IV INLEEREKECES AQYWEDOGCITYGHYEY SYEDY TYLYDYTWEERC [OOWGD 381

uery: 131 VINREPQRLITCFHFTRWPDFGVPF TP IGMLEFLEEVEACNPQTAGA [VWHC SAGVGRTG 240
WTHREPQRLI TCFHF TAWFDFGVEFTF IGMLEFLEEVEACHPQTACGA [VWHC B ANVIRTG
fhjct: 332 VINREPQRLITCFHFTRWPDFGVPFTP IGMLEFLEEVEACNP(YAGATVVHC SAGVORTS 441

Tuary: 2411 TFYV DAMLIMHSEREVIVVCFVER [RAGRCONVOTDMYVE [YQALl EHYLYGITELE 2C0

TFVV DAL DMYHEEREVDVYGEF VSR [RAQRCONVOTDMQYVF IV AL EHYLYGDTELE
Shict: 442 TFVV DAMLDMHSERKVINVGFVER[RAQRCONVOTDMOYVE [YQAL EHYLYGDTELE 51

Copyright 2010 © Limsoon Wong

EANUS
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 2010 © Limsoon Wong




Sntumsl Urdearciy
Law of Large Numbers —
* Suppose you areinaroom -+ Q:Whatis the prob that
with 365 other people there is a person in the
room having the same
¢ Q: What is the prob that a birthday as you?
specific person in the + A:1-(364/365)°=63%
room has the same
birthday as you? « Q: What is the prob that
« A:1/365=0.3% there are two persons in
the room having the same
birthday?
 A:100%

Copyright 2010 © Limsoon Wong

EINUS
. ciftom] Uinkeratiy
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

e P-value is interpreted as .
equally good alignment

prob that a random seq

has an equally good

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

Exercise: Name a commonly used method
Note:P=1-e-E for correcting p-value for a situation like this

Copyright 2010 © Limsoon Wong




CANUS
Lightning Does Strike Twice! m_...

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

— 1942 (lost big-toe nail)

— 1969 (lost eyebrows)

— 1970 (left shoulder seared)

— 1972 (hair set on fire)

— 1973 (hair set on fire & legs seared)
— 1976 (ankle injured)

— 1977 (chest & stomach burned)

» September 1983, he committed suicide  cartoon: Ron Hipschman

Data: David Hand

Copyright 2010 © Limsoon Wong

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 2010 © Limsoon Wong
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Effect of Sequence Length

sequence identity (1), %

sequence length (L)

Abagyan RA, Batalov S. Do

aligned sequences share the

same fold? J Mol Biol. 1997
Oct 17;273(1):355-68
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1 Crganism

[WEOO1E1857 Methanoraccus jannaschs
HEQOLETIEE | Archasoglobus fulgdus

MEQO1EBZET |Archasoplobus fulgidus

HEQOLFTT76 (Thermo

Iethansthermobacter

Examples of Invalid Function Assignment:

The IMP Dehydrogenases (IMPDH

12 enmes were tound

FIR

EG5] conserved hypothetical proben
MG

(365355 MIDEST homalog AFOEAT
ALT_NAMES. muorine menophorphate
el drogenase {gua-1) homolog
[museumer]

Féi514 yhieV homalog 2

ALT_NAMES: mosine-moncphosphate
drhydrogenaae (guaB-2) homolag
[mianamer]

Hwiss-Frov TrEMEL

Y13 METIA Hypnthetical pratein MINGS

LRl ] INOSIHE MONCFHOSFHATE
DEHYDROUGEN ASE (GUAB-1)

128162 HOSINE MONCPHOSPHATE
MEHYDROGENASE (GIAB-Z)

wonsas e A partial list of IMPdehydrogenase misnomers
' in complete genomes remaining in some

public databases

ophicus

therrrtotrophicis

hTE i 14555 Methmothemabastee

[ MUITTHL protesn hinsolog MTH 20
HE00414311 hfethancthermetacter ALT WAMES mogins.F-monophosphote
1 b At Txind e
[mianamer]
Methanothermobacter HG9232 MI1225-selated protein MTI992
LTE004 14937

ALT_KAMES: masint-F-menophosphate
debsred relsted protein I fmi

LT INUSINE ¥ MONOPHUSPHATE

q  (DEHYDROGENASE RELATEL PROTEIN ¥

{12229 HOSINE- 3-MONOPHOSPHATE
TEHYTIROGEN ASE RELATED PROTEIN V1T

{ETITS IHOSINE. - MONOPHOSPHATE
., [NFHYTROGEN ASE RELATED PROTEIN 13

G yhe¥ homelog 2
ALT_NAMES. mosme monophosphale

1L2TE1S INOSINE-S-MONOPHOSTHATE
DEHYDROCENASE RELATED PROTEIN X

Copyrig

E8 &

NUS
F =

HefSeqg/GenPept
CLAZA worme ¥ munophussphite
deliydrogenase (guak)
WE_J47630 wusme. 3 monuphosphsts
deliydrogenass (gual)
526457 54 inosint monophosphate
el drogenase (guab [}

i s munophuephale
deliydrogenase (guabl 1)
LEBTAL e memopharphals
dehyisopennan (FunB-T)

HE 070943 irngine monaphosphnte
dehyidsapennan (FunB-T)

aphosphate
e
maophosphate
e

muphosgplhists
 protem
nemuplosphale
d pentein

- nnophosphite
el drogenass relsted protan ¥

S 7633 musine X manuphosphists
el dogenass relsted protan ¥
il L6 mnsme. Yomonophosphte
dehydrogennan relsted peotsin VI
P 275269 innsine. -mannghoaphats
dehydragennan relsted peotsin VI
AT innsing. S-moncphosphote
drhydragennan relsted prosin 130

P _276137 innsine. -mannghoaphats
dehpdragennan relsted protsin 11
2622657 imosing-P-moncphosphite
dehdrogensse relsted protein X

P _276687 inosine- S-monophosphate
defirdrogensse related protein X0
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IMPDH Domain Structure

ey PCMOD4ST: FROCO0391,IMF dehydregenase / GMP reductase signature
pe PFO0478: IMF dehydrogenase / GMF reductase C terminus
et PFO0S7 1: CBS domain
SO0 PROM381: Helbeturn-helix
i PROMST4: IMP dehydragenase / GMP reductase N terminus
el PFOZ195: FarB-like nuclease domain
AZ1997
FYSFo00130) — LS
E70218
(SFODDZT)  rreetorpetetorietiietch = Gamr ‘\
E64381
(sFo0asog) 194 <: IMPDH Misnomer in Methanococcus jannaschii
69355
(SFOD4B05) = <:
FBEO514
(SFabanta) 183 <: IMPDH Misnomers in Archaeoglobus fulgidus
B59407
(sFO04Bag) P EalR G|

* 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 2010 © Limsoon Wong

BE& y_lé
Invalid Transitive Assignment -
Root of invalid transitive assignment

iphaspharthasyl- AMP cyclohydrolase (EC
B::} ™ H70468 |SFO01258 051440 |3.5.4 19) / phosphoribosyl- ATP pyrophosphatase uifex aeolicus Prok/other (5943 |4 8e-26 205 39.086 |197
EC 3.6.1.31) [similarity
hosphoribosyl-AMP cyclhydrolase (EC
I $76963  |SFO01258 039935 3.5.4.19) / phosphoribosyl ATP hosgk Synechocystis sp Prokfgram- |557.0 [5.7e-24 |230(39.175 194 | eee—
EC 3.6.1.31) [sunilanty]

I~ T35073 |5FI329243 005738 probable phosphonbosyLAMP cyclohydrolase ‘Sn'epmmycescuehcnlor Proldgrant (389.3  (3.5e-15 |128/42.157 [102 |

lphosphortbasyl- AMP cyclohydrolase (EC

3.5.4.19) / phosphoribosyl ATP pyrophosphatase 9 . .
[T $53349 |SFO01257 001188 TEC 36130 /his dehydrozenase (EC Saccharomyces cerevisiae| Eukffungi  (334.1 |2.5e-14 (799 31.363 (204 | ee—

L1123
\

A s |srn29243 005738 \3? = ;;;F shw:ls;iMP evchivdralase (EC }A{Ehaeug]uhus lgidus }An:ha: ‘3%5 8e-15 |ma 738
O::} I G64337  (SFO06833 03032735“ ;’:‘"h";j“? ophosphatase (C Archae (2469 |1le-D6 95 36.842 [95

I ’h similanity] A
Cpe7e (S0 fioison S AT Nh’;’gﬂ*‘ﬁgzmaﬁ (EC [F— preidorsm. 19396 |2 ée-ns 10735 229 e
I Ga1azs |SFUUG$33 \%éusghnnhusglﬂﬁ pyrophosphai A>B>C = A>C =

=

ethanococcus fannaschi

3.6.1.31) NMASO7 [sariris]

hosphoribosyl- AMP cyclohydrols B (5F001258)
3.5.4.19) / phosphonbosyl-ATP py

Casisi3 SFon1zs poyfas 24 19)/ phosohonbosyL ATP | g |

EC 3.6.1.31) / histidinol dehydrog [1]
/ XS] V4 _
Mis-assignment A (SF029243) 45 C (SF006833)
of function

No IMPDH domain
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Emerging Pattern

Typical IMPDH Functional IMPDH w/o CBS

iy PCMO04S7: PDOCODIE IMP dehydrogenase / ductase signat
A |PFODATE: IMP dehydrogenase f GMP reductasd T termi
o
e
e FO1574: IMP dehydrogenase { GMP/feductase N terminus

iy FO2195: ParB-like nuclease doprin

A31997
(5F000130) -ﬁo?ﬁnu 2% 14
404

E70213
(SFO0D131)

w4 @@ IMPDH Misnomer in Methanococcus jannaschii

EG9381

(SFO04595) [ === = e
FH0355

Pl 188 <=

183 &&= IMPDH Misnomers in Archaeoglobus fulgidus

FE2514 .
(SFODAEDY) — OU000000 Stk dlobaicbniol

BEQ407
(SFO04EES) = <:|

* Most IMPDHs have 2 IMPDH and 2 CBS domains
* Some IMPDH (E70218) lacks CBS domains

= IMPDH domain is the emerging pattern

Copyright 2010 © Limsoon Wong

Application of
Sequence Comparison:
Active Site/Domain Discovery

14



Discover Active Site and/or Domaify’ ==

« 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 2010 © Limsoon Wong

. .'E'_l,{é
In the course of evolution... w—
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15



Multiple Alignment of PTPs

ogi| 126467 FHFTSWPDFGVPF TP IGHLEFLEEVEACHP - -0V AGATVVHC 3 AGVGRTGTF VWV IDANLD
gi| 2499753 FHF TGWFDHGVP YTHATGLLAF IRRVELSNP——-PEAGP IVVHC S AGAGRTGCYIVIDINLD
gi| 4625350 THYTQWPDHGVPEYALPVLTFVRRSSAARN--PETGPVLVIHCIAGVGRTGTYIVIDSHLQ
gi| 2499751 FHFTSWPDHGVPDTTDLL INFRYLVRDYMKOSIPPESP ILVHC S AGVGRTGTF IAIDRLIY
gi| 1702906 FOFTAWFDHGVPEHP TPFLAFLRRVETCHP ——FPDAGPNVVHC S AGVGRTGCF IVIDANLE
gil| 126471 LHFTSWFDFGVPF TP IGHLEFLEEVETLNP ——-VHAGP IVVHC S AGVGRTGTF IVIDAMMA
oi| 5345626 FHF TGWFDHGVP YTHATGLLAF IREVELSNP——P3 LGP IVVHC S AGAGRTGCYIVIDINLD
il 131570 FHF TGWFDHGVP YTHATGLLGFVROVESKSP——PNAGPLVVHC S AGAGRTGCF IVIDINLD
gil2144715 FHFTSWPDHGVFDTTDLL INFRYLWRDYMEQIPPESP ILVHC S AGVGRTGTF IAIDRLIY
LUt O REE FEE LoF L EEREEE REAE, , KE

* 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 2010 © Limsoon Wong

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

16



ANUS
==

What if there is no useful seq homol

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

— Fusion of multiple types of info

Copyright 2010 © Limsoon Wong

Phylogenetic Profiling y..-.-_lé

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 2010 © Limsoon Wong
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Genomes: : | -
e | ' NUS
A n SN2
Pl 5
\

P7
8. cerepisiae {SC) o
R Pl P3
(‘Pl P2 P} P M ops B. subtilis (BS)
PSP P7
E. coli (EC) H. influenzae (H1)
| rofie Clustars Phylogenetic
~
T/ L) 1 4] o ih -
Phylogenetic Profile: [ 1 |J P rOﬂ I I n g .
EC SC BS HI m 1 (. .
mouoo R How it Works
P2 1 10 >,
[ ] 1) 1 ' /
[m 10 1S [
Pa 1 (U]
e o ]
P i 11 153 [1] 11
F7 10

NS

F3 and Fb are functionally linked

‘ Conclusion: P2 and P7 are functionally linked ,

Copyright 2010 © Limsoon Wong

B & y_lé
Phylogenetic Profiling: P-value ¥~ =

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

iy ¥ W,

P(z|N,z,y) = W

where

No. of ways to distribute z

I
P
2 ow
e

co-occurrences over N — _ -z N-z
lineage's Wz = ¥ —z * y—z
- N £ N « No. of ways of
No. of ways to distribute @ 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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BES &

_ . . S
Phylogenetic Profiles: Evidence ¥/zss=
Pellegrini et al., PNAS, 96:4285--4288, 1999

No. of non- Ne. No.
homologous nefghbers  neighbors
proteinsin  in kewword in random

Kevweord group LoD SFoup
Eibosome ail 197 7
Transcription 36 17 1
tRMA srmtliase and ligase 26 11 5
Membrane proteins® 25 b 5
Flagellar 21 bty 3
Tron, fervic, and ferritin 1% 3 2
Galaciose metabkolism 18 3 2
Molybdoterin and Molybdeaum.
el meslpbdeterin 12 & 1
Hypetheticalt 1084 1418, 226 8440

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

Copyright 2010 © Limsoon Wong

Phylogenetic Profiling: Evidence!EI..-_-_ln-J--§

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

hamming distance

= #lineages X occurs + ¢KEGG
#lineages Y occurs — 0COG

2 * #lineages X, Y occur

in KEGG/COG

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

hamming distance (D)

* Proteins having low hamming distance (thus
highly similar phylogenetic profiles) tend to share

common pathways Exercise: Why do proteins having high
hamming distance also have this behaviour?

Copyright 2010 © Limsoon Wong
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Guilt by Association of Dissimilariti

._.,_':' I1 B

-

.

. T -
Differences
Of uunknownn 'range1 ‘fanana1
to other fruits =
Apple Color = red vs orange Color = red vs yellow
are same as L Lo
. ; - Skin = smooth vs rough Skin = smooth vs smooth
apple to ﬁ Size = small vs small Size = small vs small
other fruits 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
o Size = small vs small Size = small vs small
Shape = round vs round Shape = round vs oblong
Unknown, Color =red vs orange Color =red vs yellow
« " . Skin = smooth vs rough Skin = smooth vs smooth
unknown” is ?’ Size = small vs small Size = small vs small
an “app|e"! h. Shape = round vs round Shape = round vs oblong
Copyright 2010 © Limsoon Wong
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SVM-Pairwise Framework -
Training Training Features
Data
Feature St S S, Support Vectors
S1 Generation S, fu fip fig Training Machine
S2
S2 fa B fn o (Radial Basis
S8 Sy fy fa f . Function Kernel)
| 7
fyisthelocal — | -+ o 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, f i, fi3 Classification RBF
e
T2 T, fa b - Kernel
T3 Ty f b fg o 1
fy s the local —] . = - - Discriminant
alignment score Scores
between T; and S,
Image credit: Kenny Chua
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Performance of SVM-Pairwise

2

B0

SVM-pairwise ——
SVM-Fisher --——m-—

Receiver Operating N
Characteristic (ROC) g >
— The area under the “§ a0 |
curve derived from S0l
plotting true positives as =
a function of false £
positives for various s ol
thresholds. =
Rate of median False Yo
Positives (RFP) 60 TR
— The fraction of negative & @%:g;fﬂ:;ﬁiﬁi
test examples with a =
score better or equalsto 2
the median of the scores §
of positive test 5
examples. £

Protein Function

Prediction
from Protein Interactions
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Functional Association Thru Interact

* Direct functional association: Level-1 neighbour
— Interaction partners of a protein
are likely to share functions w/ it

— Proteins from the same :>T\.

pathways are likely to interact °
* Indirect functional association

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

Level-2 %ighbour

— Proteins that have common X P
. . . . @
biochemical, physical properties o
and/or subcellular localization ./Cf\.
are likely to bind to the same ]
proteins

Copyright 2010 © Limsoon Wong
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An illustrative Case of !E',____lé

Indirect Functional Association?

SH3 Proteins  SH3-Binding

Yi024c @ Proteins

Yvsl67

Ysc84

e Isindirect functional association plausible?
* Is it found often in real interaction data?

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

Copyright 2010 © Limsoon Wong
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YALO12W
11.1.6.5
11.1.9
[
[ I I I ]
YJR091C YMR300C YPL149W YBRO55C YMR101C
11.3.16.1 11.3.1 114.4 111.4.3.1 142.1
116.3.3 120.9.13
142.25
’_|_| 114.7.11
YPLO8BW YBR293W ! |Shared Functions with Fraction
12.16 116.19.3
1119 142.25
11.1.3 Lo L o
1119 [Level-1 neighbours exclusively p.016338
[Level-2 neighbours exclusively 0.226574
I T I - [Level-1 and Level-2 neaghbours 0.463960
YBR023C YLR330W YBLO61C YLR14C [Level-1 or Level-2 neighbours 0.706872
110.3.3 11.5.4 11.5.4
132.1.3 134.11.3.7 110.3.3
134.11.3.7 Ja1.1.1 118.2.1.1 110:0
142.1 143.1.3.5 132.1.3 120.1.10
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 [ | ]
112.1.1
YOR312C J16373 YPL193W YDLO81C || YDRO91C YPLO13C
112,11 112.1.1 112.1.1 11.4.1 112.1.1
112.1.1 142.16
112.4.1
16.19.3
! Source: Kenny Chua

Copyright 2010 © Limsoon Wong

47

TINUS
Prediction Power By Majority Voting” =

Precision V5 Recall

* Remove overlaps in level-1 [ ———
and level-2 neighbours to os2-51
study predictive power of 04 ° o8-8z
“level-1 only” and “level-2 _ o
only” neighbours 3 "'&Q

» Sensitivity vs Precision & 02l o, @
analysis °o¢£%

K K 041 Hoog
e k;
PR = ZI ! SN = ZI %

K K L + + + +
Z_ m; Zi N 0 02 04 0.6 0.8 1
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
* kiis no. of fn predicted = L1 N L2 neighbours has
correctly for protein i L
greatest prediction power
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Functional Similarity Estimate: .N,_:_lé
Czekanowski-Dice Distance
* Functional distance between two proteins @uneta, 2003

D(u,v)= IN,AN,|
T NGUNHN AN

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

= Similarity can be defined as

2X
2X+(Y+2)

Copyright 2010 © Limsoon Wong

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

Functional Similarity Estimate: !E'__,_lé

FS-Weighted Measure

* FS-weighted measure

2N, "N,| 2N, NN,|
S(u,v)= X
\NU—NV\+2\NumNV\ \NV—NU\+21NumNV\

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

= Rewriting this as

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




INUS

ot Lrdwriieg
V

Correlation w/ Functional Similarit

» Correlation betw functional similarity & estimates

Meighbours [CD-Distance [FS-Weight

51 471810 0498745
=5 0.224705 298543
B1r Sg 0.224581 029629

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

Copyright 2010 © Limsoon Wong
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%*f, NUS
. ags ciftom] Uinkeratiy
L= e ]
Reliability of Expt Sources
» Diff Expt Sources have diff | source Reliability
rellabll?tles o Affinity Chromatography 0.823077
— Assign reliability to an — S—
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
ru’v = 1_ I | (1_ r;) Reconstituted Complex 0.5
1S = Synthetic Lethality 0.37386
* 1;is reliability of expt Svnthetic R p
source i, ynthetic Rescue
+ E,, is the set of expt Two Hybrid 0.265407
sources in which

interaction betw u and v is
observed

Copyright 2010 © Limsoon Wong




Functional Similarity Estimate: NUS

FS-Weighted Measure with Rel|ab|I|ty

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

2 z u,w vw 2 Zru‘wrv.w
SR(U,V)= we(N, NN, ) « we(N, AN, )

| Zre Subondle See. | S Sebece So

weN,-N Ny,NN, e(N,AN,) N,NN,

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

= Rewriting

S( ,V) 2X 2X

= X
2X+Y 2X+Z

BE& y_lé
Integrating Reliability -

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

Meighbours [CD-Distance [FS5-Weight [FS5-Weight R

51 471810 0498745 532596
=5 0.224705 298543 0373307
B & 0.224581 029629 0363023
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SEANUS
Improvement to 95 e
Prediction Power by Majority Voting
05
0as | + Neighbour Counting Aw weight Z L2} Considering only
: & Neighbour Counting Aw weights neighbours w/ FS
o4 | . o Heighbour Counting weight > 0.2
0= .
c o0z} A
o a 7
-% 025 | s
£ gzl ® o a ﬂ;._l
Ogat,
015 | ”ftg;,
o1+ +'+*
nos | h‘++,‘+
o
o 0.2 04 08 08 1
Recall
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Improvement to !}'______l,Jé
Over-Rep of Functions in Neighbours

o [+] [s]
Fraction of neighbour pairs with Functional Similarity Fraction of neighbours with Functiona Similarity
at FSWeight threshold 0.2
1 0s1-52 1
ol 08231 09 os$1-82
g'g 1 mS1nS2 0s o082 $1
" m Al Pairs 07 as, &2
5 — £ 06 0,
B %57 o ﬁ 05 )
- g; 1 Z 04
0'2 0.3 -
0'1 0.2
] 01
0 . . . . .
[ 1 2 3 4 5 0 =
. 0 1 2 3 1 5
MIPS Annotation Level
MIPS Annotation Level

el o o
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Use L1 & L2 Neighbours for Predictior=

* FS-weighted Average

fx(u):%{lrimﬂx ) (STR(u,v)cS(v,x)Jr ZN:STR(u,w)cS(W,x)H
veN, weN,
* 1, is fraction of all interaction pairs sharing function
» A is weight of contribution of background freq
d(k, x) =1 if k has function x, 0 otherwise
N, is the set of interacting partners of k
» 7, is freq of function x in the dataset
* Zis sum of all weights

Z=1+ | Sr(u,v)+ > S (u,w)

veN, weN,

Copyright 2010 © Limsoon Wong
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SINUS
Performance of FS-Weighted Averaging—

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

1 Informative FCs

3 @« NG
0.9+ % & Chi
08 o™ o PRODISTIN
=1 £ = FunctionalFlow
0.7 %, » FS Weighted Avg
x
I RS
Ny *
8 x
a 0.4 *
x o *
03 "m, o ey
l&‘x ° S
0.2 4 *t;\x So, My
bi B o o Ky
0.4 - e
0 00 B AR K
0 01 02 02 04 05 08 07 08 09 A1

Recall
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Application of
Sequence Comparison:
Key Mutation Site Discovery

ldentifying Key Mutation Sites

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

Sequence from a typical PTP domain D2

o] DOOO0| PTRE-D2

EEEF FFL TS IE TOMD ERE TGHY, P SNEEFHRYLOY 1D YEFHRY T IDVERGEEMTD TWHASE
IDGYRORDS T AS0GPLL T IE DY R RE I FERRSCS IVEL TELEERGOERC AOTHEPSIGLY
SY6H ITVELEREZECES TTVRD LLY THTR ENES RO T ROF BF BCHPEVG IPSDGEGETS I Y
A ARSI T TIRCS SGAGR TG T CALSTYL ZRTH 8 G TLDTFFOTYESEL RELORDH
HYOTLEQFEFC TRVYOEY IDEFSDYENTE

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 2010 © Limsoon Wong
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» 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 2010 © Limsoon Wong
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EANUS
Emerging Patterns of PTP D1 vs w*

D2 _ This site is consistently conserved in D1,

but is not consistently missing in D2

[ T =] Pt e not sonet
= not a likely cause of D2’s loss of function
Dl{

Exercise: Why?
[ @D X

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

)4 (: - ) absent => possible cause of D2’s loss of function

X @D present

Copyright 2010 © Limsoon Wong
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EINUS
Key Mutation Site: PTP D1 vs Dw"

? | 27 l il 7?27
oi|o00000|p D2 QFHFHGWPEVGIPSDGEGHIS I TA AV QEQQQO-SGHNHP ITVHCS AGRAGRTGTFCALSTVL
gil 126467 FHF TSWPDFGVPFTPIGHLEF LEEVEACNP -— QY AGATVVHC S AGVGRTGTFVVIDANL
gi| 2499753 QFHFTGWPDHGVPYHATGLLEF IRRVELSNP--P3AGP IVWVHC S AGAGRTGCYIVIDIMNL
gi|462550] OFHY TOWP DHGYPEY ALFVLTFVRRIZAARN--FPETGFVLVHCI AGVGRTGTYIVIDS ML
gi|2499751 QFHFTIWPDHGVPDTTDLL INFRYLVRD YNEQSPPESF ILVHCIAGVGRTGTF IAIDRLT
gi| 1709906 Dl QF QF TAWPDHGVFPEHFTPFFLAFLRRVETCHNE ——-FD AGFMVVHCS AGVGRTGCF IVIDAML
gi|126471] QLHFTEWPDFGVPF TP IGHLEFLEEVETLNP ——-VHAGP IVVHCS AGVGRTGTF IVIDAMK
gi|S48626| QFHF TGWPDHGYVPYHATGLLEF IRRVELSNP —-P3AGP IVVHCS AGRAGRTGCYIVIDIML
gi|131570] QFHF TGWPDHGYVPYHATGLLGFVROVESKSP ——-PNAGPLVVHCS AGAGRTGCF IVIDIML
gi|2144715 QFHF TEWPDHGVPDTTDLL INFRYLVRD YHEQEPPESP ILVHCS AGVGRTGTFIAIDELT

+* L R L O EEEEEE REEF R ..

» 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 2010 © Limsoon Wong
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EANUS
Key Mutation Site: PTP D1 vs D&“""

yi|0000O|P )P QFHFHGUR

gi| 126467 OFHF TSR
gi| 2499753 OF HF TGWRDHS
gi|462550| OTHYTOWPDMGYRETS
gilz499751 OFHFTSWPDHGYEDTTDI
gi| 1709906 [)]< QFQF TAWPDHGVPEHPT
gil 126471 OLHFTSWPDFGYPFTP It
gi| 545626| OFHF TGWPDHGVP THAT
gi|131570| OFHF TGWPDHGVP THAT
gilz144715 OFHFTSWPDHGVPDTTDI

oL, wE, O wWw

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

Copyright 2010 © Limsoon Wong

31



* 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 2010 © Limsoon Wong

Concluding Remarks
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What have we learned?

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

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

Copyright 2010 © Limsoon Wong

Any Questions?
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