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

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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ZINUS
Sequence Alignment e
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

Copyright 2009 © Limsoon Wong



.
FINUS
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?
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TINUS
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 havmg the Fact A Conclusion B
ancestor with that
function

= “Guilt by association”
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INUS
Guilt-by-Association e

 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 2009 © Limsoon Wong
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TINUS
@ Btz Unkesralig

Guilt-by-Association

Compare T with segs of
known function in a db

Good Sequence Alignment

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

Poor Sequence Alignment _— e

« Poor seq alignment shows few matched positions

= The two proteins are not likely to be homologous R
6L e MAEA
Solct: | WMIALIBLSHLARLALSAAPAARA i
Alignment by FASTA of the sequences of amicyanin and domain 1 of e e
‘ascorbate oxidase N . : -
Amicyanin and uf win M. loti protein
i " o 9 10
anicyanin . e~ ST
Ascorbate Ouidass ILGRGTIWADCTASISOCAINPOETEF YRR TVDRPGTFF YHIRLGMOREAGLYG)
g E B i it
No obvious match between Ass|gn to T same
Amicyanin scorbate Oxidase .
function as homologs

Discard this function

as a candidate Confirm with suitable

wet experiments
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BLAST: How It Works (o

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

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

find seqs with

anking

find from db seqs G

with short perfect
matches to query
seq

Exercise: Why do we need this step?

Copyright 2009 © Limsoon Wong
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TINUS

. Ot Unfomrdiny
Homologs obtained by BLAST =
Soore E

Sequences producing significant alignments: (bits) Value
gi]14193729 | gb| ARKS6109. 1| AF332081 1 protein tyrosin phosph... 62: e-177
gi| 126467 | sp|P184335 | PTRA HUMAN Protein-tyrosine phosphatase... 62| e=177
i 4506303 |ref | NP 002827 .1 protein tyrosine phosphatase, r... Gzl e-176
il 227294 | prf| 117013004 protein Tyr phosphatase £20 e=176
g1118450369 | ref NP _S43030.1] protein tyrosine phosphatase, ... ! e-176

7 7447 . tyrosine phosphatase precurscr [Ho... 51! ==176
gqil 2851153 | pir| | JC1285 protein-tyrosine-phosphatase (EC 3.1.... 619 e=176
gi| 6981446 | ref|NP _036895.1| protein tyrosine phosphatase, r... 61= e-176
qil 2095414 | pdlb| 1¥FO| A Chain A, Receptor Protein Tyrosine Ph... 61E e-174
il 323153 |emb | CALISE62 .1 protein-tyrosine phosphatase [Homo... 61 e-174
il 4505585 | gb| AARO4150.1 protein tyrosine phosphatase >gi|4... 505 e-172
gqi| 6672557 |ref|NP _033006.1] protein tyrosine phosphatase, r... 60- e-172
i 453922 | ol | AAAI7S90.1] protein tyrosSine phosphatase alpha 593 e-170

T —

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

atiarel Linferesily

Example Alignment with PTPa Y=

Srore = 632 hits (1629, Expect = e-130
Identiti1es = 2U4/210L (UMY, Fosltives = 2U4/300 (UTR

(uery: 1 SPETNRKYPPLPYDELEEE [NRRMADDMNKELFREEFIALPACE JQATCEASSIDOODDIDE 60
SF S TWRKYFFLFVDELEEE I NERMADDIKLFREEF JALF ACF 1QATCEASS R
Shict: 202 SPITHRKYPPLPVIKLEEE INREMADDNKLFREEFYALPACP [QATCEAASKEENKERNR 261

Guery: 61 VWNILPYDHRRVHLTPVEGVED DV INASF INGYVQZENEF [ AaQGPEEETVHDEWRMIVE 120
YTVNILPYDHSEVHLTPVEGYPDEDY INASF INGYQZENKF [ AaQGPEEETVHDEFWEMIVE
Bbict: 262 YVNILPYDHSEVHLTPVEGVEDSDY [NASF INGYQIKNKF [ AsQGPEEETVNDFUWRMIVE 321

Query: 121 QNTAT IVMVTNLEEREECKCAQTWPDQOCUTYONVRVEVEDY VLVDYTVREFC IQQVGD 180
QNTAT IVMVTNLEEREECEC AQYWPDQGCW TYGHVAVEVEDV VLVDYTVREFC 1QQYVGD

Bbict: 322 QNTATIVMYTNLEERKECKCAQTWPDQOCWTVGNVRVEVEDV VLVDTTVREFC IQOVGD 381

Query: 181 VINREP)ELITQFHFTAWPDFGVPFTP IGMLEFLEXVEACNPOTAGA T VVHC SAGVGRTS 240
YINREEPJRLI TQFHF TRWPDEGVEF TP IGMLEFLEXVEACNP OV AGA T VRHC SAGYGRTG
Fhict: 382 VINEKFIRLITQFHFTSWFDFGVEFTP IGMLEFLEXVEACNEOTAGA I VVHC SAGVORTG 441

Query: 241 TFVVIDAMLDMWHEREVDVYGFVER [RAQRCOMVQTDMOYVE I TQALL FHYLYGDTELE 300

TFVV IDAML DMMHEEREVDVIGE VR R TRAGRCOMY TDMYTVE [T ALLEHYT D TELE
Fbict: 442 TFVVIDAMLDMMHEEREVDVIGFVER [ RAQRCOMV)TDMYYVE [TQALL FHYLYGDTELE 501
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NUS
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 2009 © Limsoon Wong



FINUS
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
 A:1/365=0.3% there are two persons in
the room having the same
birthday?
e A:100%

Copyright 2009 © Limsoon Wong

NS

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

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 2009 © Limsoon Wong




INUS
Lightning Does Strike Twice! -

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

— 1942 (lost big-toe nail)
— 1969 (lost eyebrows)
— 1970 (left shoulder seared)
— 1972 (hair set on fire)
— 1973 (hair set on fire & legs seared)
— 1976 (ankle injured)
— 1977 (chest & stomach burned)
« September 1983, he committed suicide

Cartoon: Ron Hipschman
Data: David Hand

Copyright 2009 © Limsoon Wong

NUS
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 2009 © Limsoon Wong
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FEO01R1257 Methanoceccus jannaschs

HEQOLETIEE | Archasoglobus fulgdus

[REO04 14811

[HEOD4 14827

k.
MFO04 14560 Plethancthemobacter \ALT_NAMES: mnosins monsphosphate
P gemiase related protem X

Effect of Sequence Length

U-sets

sequence identity (I), %

HSSP(+3%)
b P(+3%)

Abagyan RA, Batalov S. Do

sequence length (L)

Examples of Invalid Function Assignment:

The IMP Dehydrogenases (IMPD

aligned sequences share the
same fold? J Mol Biol. 1997
Oct 17;273(1):355-68

12 enmes were tound

Organism TR
64721 eonaerved hypothetical protein
MIDGS3

C6P355 MIDESS homolog AFCGAT
ALT_NAMES: inseint-mensphosphate

ALT_NAMES: mosint-mensphosphate

therrrtotrophicis e

relsted protesm V[

D69035 MI1232 pratein hoalog MTHLZS
ALT_NAMES: mosins-F-monophosphte
debdrogenase relsted protein VII
[mussumer]

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

Methanothermobacter

Iethansthermobacter
therrmnatolr ophicus

65077 sheV bomelog 2

| INOSTHE MONCPHOSPHATE

DFHYDROGEH ASE RFLATED PROTEIN ¥

10126225 INOSTNE-2-MONOPHOSPHATE
DEHYDROGENASE RELATED PROTEIN VII

KLLIUTE INUSINE ¥ MONOPHUSFHATE
DEHYDROGEN ASE RELATED PROTEIN 130

{ETEiL THOSIHE- - MONOPHOSPHATE
DEHYDROGENASE RELATED PROTEIN X

Swiss-Prov TrEMEL RefSeq/GenPept
2L 0 inosine- F-moncphosphote
A . : . dehydrogennan (gank)
V653 _METIA Hypothetical pratein MIOESI F_247637 inosine. S-monophosphate
defipdrogensse (guall)

4754 mosing menophosphate
dthydrogenass (gasl-[)
LF_Ug9iE)

debiydrogenase (guab 1) homolog DEHYDROUEN ASE (GUAE 1) s monphosphals
[muszzame] deliy dogenase (gual- 1)
514 yho homalog 1 %A morme menophospiate
4 ALT _NAMES: nogine-1 hosphate IOZE16Z TNOSTHE MONOPHOSFHATE. dehydrogenaae (FaaB.7)
MEQ01E826T Archasoglobus Rilgidus anmngma;m;.%ﬂfmn;? DFMYTROGEH ASE (AR uMg':::;ilrﬂ,;n?mhmhm
[mianamer] dehydragennan (gunB.7)
[ 7 / / aphosghate
wonsne e A partial list of IMPdehydrogenase misnomers s
e
' In complete genomes remaining in some ERIE
(HEQOLE 76 Therma o)
e i nemeplosphiale
public databases s
prpnrp——
IME00414708 hethanethermotacter PRRSEURE AP0 BIGLIING TRLL S8 4t 10127204 THOSIHE. L MONOPHOSFHATE dehyidmgennan rr]r.\ndpr.'Tnﬂin-\f

HP_714154 innsine-T-manophnaghate
dehydrogenase relsted protein ¥
22621166 mosing-P-moncphosphite
dehdrogensse relsted protein VIl
NP_273269 inosine- S-monophosphate
el dogenase releted protem Vil

AT inosine-S-moncphosphate
dehydrogennan relsted protsin
KF_276657 inosine- S-monophosphate
defirdrogensse related protein X0
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NS
IMPDH Domain Structure ——

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

* 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 2009 © Limsoon Wong

Invalid Transitive Assignment
Root of invalid transitive assignment
B::> [T H70468 ||SFO01258 EISH!ID%% ;;]ﬂmfghatase }Aquexaeahcus

Prolfother [594.3 |4.8e-26 205 39.086

97

T
|(EC 5.6.1.31) [sirmlari

phosphoribosyl-ANMP cyclohydrolase (EC
039935 [3.5.4.19) { phosphonbosyl- ATP pyrophosphatase | Synechocystis sp Prokigram- (5570 |5.7e-24 230 39.175
(EC 3 6.1 31) [similarity]

T35073 | SF028243 (005738 probable phosphonbosyl-AMP cyclohyirolase |Stmpmmyr:esr:uellcn]ur |Pmk1g1a[rr+ 3993 |3.5e-15 128 42.157

-
phosphoribosyl- AMP cyclohydralase (EC
3.54 19) / phosphorihosyl- ATP pyrophosphatase .
7 $53349 ||SFO01257 | 001188 EC % 6.1 31) 1 istiinel defrydropenase (EC Saccharomyces cerewisiae (Euldfungs  [384.1 |2.5e-14 799 31.863
1.1.1.23

;
Ait} I Ee3493 | SFO29243 (005738 3*‘5”: }‘;“ﬁ[s";ﬂgw wlohvdrolase (EC |archaeopiobus fulgdus |Archa& |39&s 4.8c-15 108 47778 |gn —
O::} [ os4337 | SFO06g33 |3sz7 [ehesthonbosyhATP pyrophosshatase (EC Methanocaccus jannaschii

36 ']| similarity 1.1e-06 (95 (36342 |95 P
FR AT 1
[ D81178 |SFO06833 ||101491 /131 NM'BM?; ’;:m];n h (EC |Np.<=.=mm.=mnm‘mm |Prnld'mm. 210 9 |7 feon 17135 997 ’;

osphonbosyl-ATP pyrophosphal A=>B>C == A->C -
[ C81925 |SF00683] ||101491 5.6.1.31) NHLAOS0T [siclari
hosphoribosyl- AMP cyclohydrolz B (SF001258)

) 3 i . ¥
rgsis13 |sE001zs7 pofs o4 19)  shosohorihosyl-ATP py G

EC 3.6.1.31) / histidinol dehydrog
/ 1.1.1.29) ’
M Is-assignment A (SF029243) / C (SF

of function No IMPDH domain”

I 87606

=5

SFO01258

U | —

02 | e—

0 | e—

\Archae 246.9

006833)




Emerging Pattern

Typical IMPDH Functional IMPDH w/o CBS

P PFO0478: IMP dehydraganase
oo FFO0ST1: CBS domai
OO0 PFOM321: Heli

it FO1574: IMP dehydrogenase / Ghp reductase N termi
Gl FO2125: Parb-like nucleaze d
SFovatam ‘ -~ s14
P
(SEF-’UDDaSCm - 409
(SFo0am0e) 194 @@ IMPDH Misnomer in Methanococcus jannaschii
(SFORARN) A A 1ee &=
(oot 183 &&= IMPDH Misnomers in Archaeoglobus fulgidus

Bea407
(SFOD4GOT) = <:|

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

Copyright 2009 © Limsoon Wong

Application of
Sequence Comparison:
Active Site/Domain Discovery

14



FINUS
Discover Active Site and/or Domalw’ =

» 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 2009 © Limsoon Wong

. S NUS
In the course of evolution... e

Copyright 2009 © Limsoon Wong
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Multiple Alignment of PTPs

gi| 126467 FHFTSWPDFGVPFTP IGHLEF LEEVEACNP - - QY AGATVWHCI AGVGRTGTFVV IDANLD
gi| 2499753 FHFTGWPDHGYVPYHATGLLEF IREVELSNP--PEAGP IVVHC S AGAGRTGCVIVIDINLD
gi|462550] THY TOWPDMGYPEYALPVLTFVRRS S L ARN--PETGPVLVHCIAGVGRTGTYIVIDSHLO
gi| 2499751 FHFTSWPDHGYVPDTTDLL INFRYLVRD YMEQSPPESPILVHCIAGYVGRTGTF IAIDRLIY
gi| 1709906 FOFTAWPDHGVPEHP TPFLAFLREVETCNP --PDAGPMVVHC S AGVGRTGCFIVIDANLE
gi| 126471 LHFTSWPDFGVPF TP IGHLEFLEEVETLNP --VHAGP IVWVHC3AGVGRTGTF IVIDAMMA
gi| 548626 FHFTGWPDHGYVPYHATGLLEF IREVELSNP--PEAGP IVVHC S AGAGRTGCVIVIDINLD
gi|131570] FHF TGWPDHGYVPYHATGLLGFVROVESESP - -PNAGPLYVVHC S AGAGRTGCFIVIDINLD
gi|2144715 FHFTSWPDHGYVPDTTDLL INFRYLVRD YMEQSPPESPILVHCIAGYVGRTGTF IAIDRLIY
L F O wEE OEEN L L EEEEERE REEE, . EF

* Notice the PTPs agree with each other on some
positions more than other positions

* These positions are more impt wrt PTPs
* Else they wouldn’t be conserved by evolution
= They are candidate active sites

Copyright 2009 © Limsoon Wong

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

16



ZINUS
What if there is no useful seq homolsg#—

» 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 2009 © Limsoon Wong

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 2009 © Limsoon Wong
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Pz P1
[’:I I‘S

Genomes: | _
— 3 | INUS
? | 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 2009 © Limsoon Wong

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

Copyright 2009 © Limsoon Wong



: . : EBINUS
Phylogenetic Profiles: Evidence %8/ ==
Pellegrini et al., PNAS, 96:4285--4288, 1999
No. of non- Mo, Me.

homologous Meighbews  nedghbors
proteinsin  ip keweword i random

Kevieord group groap group
Ribesome il 197 &
Trarscxiption 36 17 L]
tRNA sailase and lizase 2h 11 5
Membrans proteins™ 25 by &
Flagellar 2l b 3
e, farvie. and fereitin 13 2] 2
Galagtese metabolism 18 X 2
Holybdoterin and Folybdenum.
sl melebdeterin 1 ] 1
Hypuitietical! 1.0 108,226 8dar

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

Copyright 2009 © 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

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 2009 © Limsoon Wong
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Differences
of “unknown”
to other fruits
are same as

“apple” to
other fruits

“unknown” is

Copyright 2009 © Limsoon Wong

Guilt by Association of Dissimilaritia
~~1ID

.
T M
X -

b

‘)ranQE1

Banana,
AN

Apple,

e

Color = red vs orange
Skin = smooth vs rough
Size = small vs small
Shape = round vs round

Color = red vs yellow

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

Orange,

Color = orange vs orange
Skin = rough vs rough
Size = small vs small
Shape = round vs round

Color = orange vs yellow
Skin = rough vs smooth
Size = small vs small

Shape = round vs oblong

Unknown,

Color =red vs orange
Skin = smooth vs rough
Size = small vs small

Color =red vs yellow
Skin = smooth vs smooth
Size = small vs small

an “app|e”! Shape = round vs round Shape = round vs oblong
Copyright 2009 © Limsoon Wong
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. . Britze Ui
SVM-Pairwise Framework =
Training Training Features
Data
Feature St 82 S, Support Vectors
S1 Generation S, fiy f, fig Training Machine
S2
Sy fou frn fr (Radial Basis
S3 } far fap fag .o Function Kernel)
f;, is the local T 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, fi fo fig Classification RBF
T2 Tttt e Kernel
T3 Tt e f l
fyisthelocal — v ww wv v oo Discriminant
alignment score s
between T; and S, cores
Image credit: Kenny Chua
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Performance of SVM-Pairwise ~ =
* Receiver Operating . *
Characteristic (ROC) g =
— The area under the & a0
curve derived from o
plotting true positivesas =
a function of false % el
positives for various 0
thresholds. =
o0
* Rate of median False
Positives (RFP) P
£ -pairwise ——+——
— The fraction of negative B K.i.‘\’é':;aﬁa,’.‘:g, ormn T
test examples with a £ T BAM e ff’ Jﬂﬂs(-
score better or equalsto & “° 1 -
the median of the scores & 4 | r«r"‘j e ﬁf‘fﬂ . ]
of positive test £ e i ~
g el g |
examples. £ =~ . ,-‘f J‘jfg _0,.,.4"#
RT » "XF‘——- o .
=3 g . g"e
o B il )
o] 02 041 06 o8 hl
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Protein Function
Prediction
from Protein Interactions
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| - TINUS
Functional Association Thru Interactisig™
» Direct functional association: Level-\l 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 Tighbour

— Proteins that have common Q9
. . . . @
biochemical, physical properties o
and/or subcellular localization ./f\.
are likely to bind to the same e
proteins

Copyright 2009 © Limsoon Wong
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An illustrative Case of E...._';é

Indirect Functional Association?

SH3 Proteins  SH3-Binding

Yio24c @ Proteins

Yvs167 ® Las17
Ysci4 ® Ypri7lw
Yerl36w ® Acf2
Yprisdw @ Ynl094w
Bdcl

e lIsindirect 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 2009 © Limsoon Wong
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Prediction Power By Majority Voti

Remove overlaps in level-1

and level-2 neighbours to
study predictive power of
“level-1 only” and “level-2
only” neighbours

Sensitivity vs Precision

analysis

K K
pro2 gy o2 h

K
m.

xn

* n,is no. of fn of protein i

* m;is no. of fn predicted for

protein i

* k; is no. of fn predicted
correctly for protein i

Source: Kenny Chua

Copyright 2009 © Limsoon Wong

Precision VS Recall

YALOL2W
11.1.6.5
11.1.9
I
[ [ 1 I 1
YJRO91C 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
11.1.9 142.25
11.1.3 R .
119 [Level-1 neighbours exclusively 016338
[Level-2 neighbours exclustvely 226574
[ T I I~ [Level-1 and Level-2 neighbours 463960
YBRO23C YLR330W YBLO61C YLR14( [Level-1 or Level-2 neighbours 706872
120.3.3 11.5.4 11.5.4
132.1.3 134.11.3.7 110.3.3
134.11.3.7 141.1.1 118.2.1.1 116.7
l42.1 143.1.3.5 132.1.3 120.1.10
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 [ 11.5.1.3.2
YKLOOBW I I I 1
112.1.1
YOR312C 116.3.3 YPL193W YDLO81C YDRO91C YPLO13C
112.1.1 112.1.1 J12.1.1 11.4.1 J12.1.1
112.1.1 142.16
112.4.1
116.19.3

05+ ELES
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Recall

= “level-2 only” neighbours
performs better

= L1 N L2 neighbours has
greatest prediction power
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Functional Similarity Estimate: ,'E'.-_L_é
Czekanowski-Dice Distance
* Functional distance between two proteins euneta 20

D(U.v)= IN,AN, |
NG UN [N, N va'.

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

= Similarity can be defined as

2 X
2X +(Y +2)

Copyright 2009 © Limsoon Wong

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

Functional Similarity Estimate: E...._';é
FS-Weighted Measure

* FS-weighted measure

2N, NN, 2N, NN, |
S(U,V)I u v % u v
IN, =N, [+2N, AN,| [N, =N, [+2N, AN, |

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

= Rewriting this as

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




Meighbours [CD-Distance [F5-Weight
1 0471810 0408743
=5 0.224705 1.208843
51w 5; 0224581 0.20629

ZINUS
‘&

Correlation w/ Functional Similaritye? =

» Correlation betw functional similarity & estimates

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

Copyright 2009 © Limsoon Wong
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. ags Btz Unkesralig
Reliability of Expt Sources —
» Diff Expt Sources have diff | source Reliability
rellabll,tles . Affinity Chromatography 0.823077
— Assign reliability to an — —
interaction based on its Affinity Precipitation 0.455904
expt SOUI'CES (nabieva et al, 2004) Biochemical Assay 0.666667
° Reliability betW u and Vv Dosage Lethality 0.5
computed by:
Purified Complex 0.891473
ru,v :1_ I I (1_ r| ) Reconstituted Complex 0.5
ieEu,v Synthetic Lethality 0.37386
* r;is reliability of expt -
source i, Synthetic Rescue 1
* E,, is the set of expt Two Hybrid 0.265407
sources in which

interaction betw u and v is
observed

Copyright 2009 © Limsoon Wong




Functional Similarity Estimate: NUS

FS-Weighted Measure with Rellabmty

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

2 ZUWVW 2 Zuwvw

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

R(u,v)=[WNZ s Yo )]+2 Ser. [Z v Yot )]+2 P

eN,-N, Nr\N (N,AN,) (N,AN,)

Nr\N

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

= Rewriting

o= 2X_, 2X

= X
2X+Y 2X+Z

NUS
Integrating Reliability ——

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

Neighbours [CD-Distance [F5-Weight [FS5-WeightR

= 471810 408743 .532596
52 0224705 0. 208843 0375317
B1 1 82 0.224581 029629 0363023
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Improvement to

ERANUS
85 s

Considering only
neighbours w/ FS
weight > 0.2

Improvement to
Prediction Power by Majority Voting
05
+ Neighbour Counting Aw weight & L2
L & Neighbour Counting Awweights
0.4 o Heighbowr Counting
035 | .
5 osr PR
:E 025 o
5 az L - """a:+
015 | D“'r@é; .
o1t f*1+
nns +**++“f
0
0 0.2 0.4 08 08 1
Recall

5
TINUS
“ﬂm

o S

Over-Rep of Functions in Neighbours

o & ]
Fraction of neighbour pairs with Functional Similarity Fraction of neighbours with Functional Similarity
a FShkeight threshold 0.2
1 0s1-s2 1
0.9 - ns2-851 (1] D0§1-82
gg B S1nS2 08 os2-$1
s 05 m All Pairs ; 3; =51, 52
g 059 o i 05 o
= 044 < 04
031 03
1] n2
0l i i i 0.1
0 1 2 3 4 5 g -
0 1 2 3 4 ]
MIPS Annotation Level
MIPS & nnotation Level

o 5]

5
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5NUS
Use L1 & L2 Neighbours for Predictiefr

* FS-weighted Average

o)=L { ) XA

+ Y S (u,w)s(w, x)ﬂ
veN 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
7, is freq of function x in the dataset

e Zis sum of all weights

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

veN, weN,

Copyright 2009 © Limsoon Wong
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FENUS
Performance of FS-Weighted Averagifig™

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

1 Informative FCs

o o NC
0.9+ "x! & Chit
08 T o PRODISTIN
7 " = FunctionalFlow
07J° " » FS Weighted Avg
ngd o0 xx
s . o og X,
% 054 x
g 0.4 4= x*
‘m @ *x
0.3 4 ’.’.'nx @ x,
0.2 4 h*xi\:;% P
b :étﬂ. 20, ¥
0.1 e e,
0 anmﬂ;mﬂn

4] D‘I 0203 040506 0?08 09 1
Recall
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Application of
Sequence Comparison:
Key Mutation Site Discovery

5
ldentifying Key Mutation Sites E-"-.l.é
K.L.Lim et al., JBC, 273:28986--28993, 1998

Sequence from a typical PTP domain D2

»i] OO0 | FIPA-D2

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

« Some PTPs have 2 PTP domains

* PTP domain D1 is has much more activity than
PTP domain D2

* Why? And how do you figure that out?

Copyright 2009 © Limsoon Wong
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FINUS
Emerging Patterns of PTP D1 vs D ==

» Collect example PTP D1 sequences
» Collect example PTP D2 sequences
« Make multiple alignment 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 2009 © Limsoon Wong
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EINUS
Emerging Patterns of PTP D1 vs D>

D2 _ This site is consistently conserved in D1,

but is not consistently missing in D2

= itis notan EP
= not a likely cause of D2’s loss of function
Dl{

Exercise: Why?

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

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

X - present

Copyright 2009 © Limsoon Wong
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S9NUS
Key Mutation Site: PTP D1 vs D="-“"‘"'

2 [ 2 2 2 77
gi|0O00O| P [)2 QFHFHGWPEVGIPSDGEGHIS T TALWOROOOO-S3GHP ITVHC S AGAGRTGTFCALSTVL
gi| 126467 FHF TSWPDFGVPF TP IGHLEKF LEEVEACNP - -0V AGATVVHC S LGVGRTGTFVY IDAML
gi| 2499753 QFHF TGWFDHGVF VHATGLLSF IRRVELSNF--F3AGP IVVHC S AGAGRTGCYIVID IHL
ogi| 462550 OYHYTQWPDMGVPEYALPVLTFVRRSZ AARN--PETGPVLVHCS AGVGRTGTYIVIDSHL
gi| 2499751 QFHF TSWPDHGVPDTTDLLINFRYLVEDYHEQSPPESP ILVHCSAGVGRTGTF IAIDRLI
gi| 1709906 [)1 QF QF TAWPDHGVPEHP TPFLAFLRRVETCHP - -FPDAGPHVVHC S AGVGRTGCF IVIDANL
gi|lz2e471] QLHF TSWPLFGVPF TP IGHLEFLEEVETLNP--VHAGP IVVHC S AGVGRTGTF IVID AMM
gi| 5456246 QFHF TGWPDHGVP VHATGLLSF IRRVELSNP--FP3AGP IVVHC S AGAGRTGCYIVID ITHL
gi| 1531570 QFHF TGWPDHGVE VHATGLLGFVROVESESP - -PNAGPLYVVHC S AGAGRTGCF IVID THL
gi| 2144715 QFHFTSWPDHGVPDTTDLLINFRYLWRDYMEQSFPESP ILVHCIAGVGRTGTF IAIDRLT

* wE, KW . L O TEEEEE KEEE |

» Positions marked by “!” and “?” are likely places
responsible for reduced PTP activity

— All PTP D1 agree on them
— All PTP D2 disagree on them

Copyright 2009 © Limsoon Wong
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Key Mutation Site: PTP D1 vs D2~ =

gi|00000|F )2 QFHFHGWP
gi| 126467 COFHFTSWE
gi| 2499753 (QF HF TGURADHC

gi| 462550 OTHYTQWPDMGVPET?

gi|z2493751 QFHFTSWPDHGVFDTTD]

gi| 1709900 [)1 CFOFTAWPDHGVPEHPT

gi| 126471 CLHFTSWPDFGYVPFTE Lo

oi| 545626| CFHFTGWPDHGVPYHAT

gi| 131570] QFHF TGWPDHGYVPYHAT

gi|2144715 QFHF TSWPDHGVPDTTD]
* LE

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

Copyright 2009 © Limsoon Wong
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Confirmation by Mutagenesis Exp '

* What wet experiments are needed to confirm the
prediction?

— Mutate E — D in D2 and see if there is gain in
PTP activity

— Mutate D — E in D1 and see if there is loss in PTP
activity

Exercise: Why do you need this 2-way expt?

Copyright 2009 © 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 2009 © Limsoon Wong

Any Questions?
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Acknowledgements -

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

Copyright 2009 © Limsoon Wong

- 69]
INUS
References O e

e T.F.Smith & X.Zhang. “The challenges of genome sequence
annotation or "The devil is in the details™, Nature Biotech,
15:1222--1223, 1997

e D. Devos & A.Valencia. “Intrinsic errors in genome annotation”,
TIG, 17:429--431, 2001

e K.L.Lim et al. “Interconversion of kinetic identities of the tandem
catalytic domains of receptor-like protein tyrosine phosphatase
PTP-alpha by two point mutations is synergist and substrate
dependent”, JBC, 273:28986--28993, 1998

e S.F.Altshcul et al. “Basic local alignment search tool”, JMB,
215:403--410, 1990

e S.F.Altschul et al. “Gapped BLAST and PSI-BLAST: A new
generation of protein database search programs”, NAR,
25(17):3389--3402, 1997

Copyright 2009 © Limsoon Wong



ERANUS
References &=

S.E.Brenner. “Errors in genome annotation”, TIG, 15:132--133,
1999

M. Pellegrini et al. “Assigning protein functions by comparative
genome analysis: Protein phylogenetic profiles”, PNAS,
96:4285--4288, 1999

J. Wu et al. “Identification of functional links between genes
using phylogenetic profiles”, Bioinformatics, 19:1524--1530,
2003

L.J.Jensen et al. “Prediction of human protein function from
post-translational modifications and localization features”, JMB,
319:1257--1265, 2002

C. Wu, W. Barker. “A Family Classification Approach to

Functional Annotation of Proteins”, The Practical
Bioinformatician, Chapter 19, pages 401—416, WSPC, 2004

Copyright 2009 © Limsoon Wong

INUS
References O e

H.N. Chua, W.-K. Sung.
Proc. APBCO5, pages 11-20
Hon Nian Chua, Wing Kin Sung, Limsoon Wong.

. Bioinformatics,
22:1623-1630, 2006.

T. Jaakkola, M. Diekhans, and D. Haussler. A discriminative
framework for detecting remote homologies. JCB, 7(1-2):95—
11, 2000

T. Hawkins and D. Kihara. Function prediction of
uncharacterized proteins. JBCB, 5(1):1-30, 2007

Copyright 2009 © Limsoon Wong

35



