CS2220: Introduction to Computational Biology
Unit 5: Sequence Homology Interpretation

National University
of Singapore

TINUS
95




AN U
National University
of Singapore

 Recap of sequence alignment

« Guilt by association

« Active site/domain discovery

 What if no homology of known function is found?
— Genome phylogenetic profiling
— SVM-Pairwise
— Protein-protein interactions

« Key mutation site discovery
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Brief recap of
seqguence comparison / alignment
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« DNA is blue print for living organisms
= Evolution is related to changes in DNA

= By comparing DNA seqguences 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

Indel « Key aspect of seq
Sequence U comparison is seq
alignment
JATLPACPT E— mismatch
L + I . A seq alignment
i o R maximizes the
/ number of
positions that are in
Sequence V match

agreement in two
seguences
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Sequence alignment: Poor examp!® s

 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 MPHNVHFVAGVLGEAALKGPMMKKEQAYSLTFTEAGTYDYHCTPHPFMRGKVVVE

Ascorbate Oxidase ILQRGTPWADGTASISQCAINPGETFFYNFTVDNPGTFFYHGHLGMQRSAGLYGSLI
70 80 90 100 110 120

No obvious match between
Amicyanin and Ascorbate Oxidase

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon



7

BB &
Sequence Alignment: Good examy MJS

of Singapor,

« Good alignment usually has clusters of extensive
matched positions

— The two proteins are likely to be homologous

I =z1112476722 | ref NP 108301.11  unknown protein [Mesorhizobium loti]

1114027493 1dbj IBAB53762.11  unknown proteln [Mesorhlzobium loti]
Length = 105

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

Query: 1 MEPGRLASTALAT IFLPMAVPAHAATIE ITMENLY I SPTEVSAKVGDT IRWVIEDVEAHT &0
ME G L ++ MA PA AATIE+T++ LV 5P WV AKVGDTI WWN DV AHT
MFAGAL TRLEWLAAT AT MAAPASAATIEVTIDELVEF SPATVEAKVGDT IEWVINDVVAHT &0

good match between
Amicyanin and unknown M. loti protein

Shict: 1

CS2220, AY2021/22
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Multiple alignment: An example 98/ nmz=

 Multiple seq alignment maximizes number of
positions in agreement across several seqgs

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

alignment
gi| 126467 | FHFTSWPDFGWPFTP IGHMLEF LEEVELCHP —— Q¥ AGATVEVHCSAGYGRET TRV IDAMLD
gi| 2499753 FHFTGWPDHGVPYHATGLLSF IREVELSNP--P3AGP I LAGRTECYIVIDIMLD
gi|462550] THYTOWP DMV PEYALPVL TFVRRS S AARM--PETGPVIVHC S AGVGRTGTY IVIDSMLO
gi| 2499751 FHFTEWPDHGVPDTTDLLINFRYLVEDYHEQSPPESP IRVHCSAGVGRTGTF IAIDRLIY
gi| 1709206 FOFTAWPDHGZVPEHPTPFLAFLERVETCHNP——FDAGP MY VGRTGCFIVIDANLE
gi| 126471 LHFTEWPDFGWVPF TP IGHLEFLEEVETLNP-—VHAGP I VGRTGTFIVIDAMMA
gi| 545626 FHFTGWPDHGVPYHATGLLEF IRRVELSNP--P3AGP INVVHCSAGAGRTGCY IVID IMLD
gi| 131570 FHFTGWPDHGVPYHATGLLGFVROVESESP——-PNAGP LY VHC S AGAGRTGCF IVID IMLD
gi| 2144715 FHFTZWPDHGYPDTTDLL INFEYLVEDYMEQSPPESP IDVHC S WA GRTCTFIATIDRLIY
__?.' TEF ONTT . * _'.'.".'.".'.' I 1‘.‘?.'?.'?.‘___ T w

Conserved sites



Application of
seqguence comparison:
Guilt-by-association
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A proteinis a ...

A protein is alarge
complex molecule
made up of one or
more chains of
amino acids

* Proteins perform a
wide variety of
activities in the cell
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Function assignment to protein se®¥ sz

SPSTNRKYPPLPVDKLEEEINRRMADDNKLFREEFNALPACPIQATCEAASKEENKEKNR
YVNILPYDHSRVHLTPVEGVPDSDYINASFINGYQEKNKFIAAQGPKEETVNDFWRMIWE
ONTATIVMVTNLKERKECKCAQYWPDQGCWTYGNVRVSVEDVTVLVDYTVRKFCIQQVGD
VTNRKPQRLITQFHFTSWPDFGVPFTPIGMLKFLKKVKACNPQYAGAIVVHCSAGVGRTG
TFVVIDAMLDMMHSERKVDVYGFVSRIRAQRCOMVOTDMQOYVFEFIYQALLEHYLYGDTELE

vT

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

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon
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In the course of evolution...
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Remember this exercise? 9% mmn-

Let a = AFPHQHRVP
Let b = PQVYNIMKE

Suppose each generation differs from
the previous by 1 residue

What is the max difference between the
2"d generation of a

What is the min difference between the
2"d generation of a and b?

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon
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The triumph of logic

In the course of evolution...

Two proteins
Inheriting their
function from a
common ancestor
have very similar
amino acid
sequences

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon



How can we guess the function of a
protein?
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BLAST: How itworks ~ RggNUS

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

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

IS find segs with

@ | anking
— | e
> dab |/ TS
find fromdbseqs S AN

with short perfect & x|
a X

matches to query
seq

Exercise: Why do we need this step?

Copyright 2021 © Wong Limsoon
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Homologs obtained by BLAST US

Score E
Sequences producing significant aligrnments: (hit=s) Value
gi|14193729 | gb| AAKS6103.1|AFS520581 1 protein tyrosin phosph... 52: e-177
gillsede|sp|P15455 | PTRA HUMAN Protein-tyrosine phosphatase... 2I e=177
il 4506305 | ref |[NP 0028527, 1| protein tyrosine phosphatase;, £... EEI e=176
qil227294 | prf] | 17013004 protein Tyr phosphatase £20 e=176
gi11845026D | ref NP _543030,1| protein tyrosine phosphatase, ... 6zl e-176
i 32067 @b | CALSTE47 . 1| tyrosine phosphatass precursor [Ho... 51! &2=176
gi| 285113 | pir| |JC1285 protein-tyrosine-phosphatase (EC 3.1.... 61 e2=176
gil 6981446 |ref |NP 036825.1| protein tyrosine phosphatase, r... 1: eg=176
il 2098414 | pdb | 1¥FO| A Chain A, Receptor Protein Tyrosine Ph. .. 1E e-174
gil32313 |emb | CAAIESEES . 1] protein-tyrosine phosphatase [Homo. .. 1 e-174
gi|450555 | gh| AAEO3150. 1] protein tyrosine phosphatase >gil|4... BO05 e-172
gil| 6679557 |ref|NP O35006.1] protein tyrosine phosphatase, r... & - e—-172
gil 453922 |gb | AAL]1YI30. ]| protein tyrosine phosphatase alpha 99 e—-170
]

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

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon
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Example alignment with PTPo 9% sz

socore = 632 bilts (1429%, Expect = e-130
Identitlies = 2947302 (97%), Posltlwves = 2947302 (97%)

Query: 1 SPSTNREYPPLPVDELEEE [NEEMADDNEI FREEFNALFPACE [QATCEALRITODINE0OME. 60
pP R TNERYPPLPVDELEEE INFEMADDNELFREEFNAL PACE IQATCEAf S K
Shict: 202 SPSTHNREEYPFLFVDELEEE INEEMADDNEI FREEFNAT PACP IQATCEALSKEENEEENE 261

Query: 61 YVNILPYDHRRVHLTPVEGVPDEDY INASF INGVQERNEF I AAQGPEEETVNDFWEMIWE 120
TVNILPYDHEEVALTPVEGYPDADY INASE INGYQEENEF T AA0GPEEETVNDFWEMIWE
Shict: 262 YWNILPYDHEEVHLTPVEGVEDEDY INASF INGYQEENEF I AAQGPEEETVNDFWEMIVE 221

Query: 121 QNTATIVMYTNLEERKECKC AQYWPDQGCUTYGNYEVEVEDVTVLVDYTVERFC IQOWED 140
ONTAT IVMVTNLEEREECEC AW DOGCW TYGNVEVEVEDVTVLVDY TVEEFC IQOVGED
Shict: 323 QNTATIVMVTNLEERKECKCAQYWPDQGCUTYGNVEVEVEDVTVLYVDYTVEEFCIQOVGD 381

Query: 181 VINEEPQRLITOFHFTEWFDFGVEFTE IGMLEFLEEVEACNP(YAGA IVVHC SAGWERTG 240
VINEEPQRLITQFHFTEWFDEGVPFTE [GMLEFLERVEACNPOYAGS TVVHC B AGVGRTG
Shict: 3582 VINEEPQRELITQFHFTEWPDFGVPFTE [GMLEFLEEVEACHPQYAGA [VVHC SAGVGRTS 441

Query: 241 TEVWIDAMLDMWHIEREVDVYGFVER [EAGRCOMYOTDMOYVE I V)AL EHVLYGLTELE 200
TEVV I DAMLDMMHEEREVDYYGEF VSR IRAQRCOMVO TDMOYVE TYQATLEAYL.YGDTELE
Shict: 442 TFVWIDAMLDMMHSEREVDYYGEVERIEAQRCOMVOTDMOYVE IVQALL EHYLYGDTELE 501

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon



Guilt by association: Caveats % e

* Ensure that the effect of database size has been
accounted for

 Ensure that the function of the homolog 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

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon
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Law of large numbers

e Supposeyou areinaroom Q: What is the prob that
with 365 other people there is a person in the
room having the same

« Q: What is the prob that a birthday as you?

specific person in the * A:1-(364/365)%>=63%
room has the same
birthday as you? « Q: What is the prob that
e A:1/365=0.3% there are two persons in
the room having the same
birthday?
 A:100%

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon
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Interpretation of P-value

« Se(.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 segs,

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

 P-valueis 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

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon



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 oo ron Hipschman

Data: David Hand

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon



 One fourth of all residues Iin protein seqs occur in
regions with biased amino acid composition

« Alignment 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

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon
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Effect of sequence length
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aligned sequences share the
same fold? J Mol Biol. 1997
Oct 17;273(1):355-68

sequence length (L)
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Examples of invalid function assignment:

IMP dehydrogenases (IMPDH)

18 entries were found

TINUS

National University
of Singapore

D Organism \ PIR | Swiss-Prot TrEMBL | RefSeq/GenPept
21582300 inosine-Y-monophosphate
: - Ef4381 conserved hypothetical protein . . dehydrogenase (guab)
NEOO181857 Methanococcus jannaschi — |prnee 1633 _METIA Hypothetical protein MI0853 NP_247637 inosine-5-monophosphate
dehyrdrogenase (guab)
39355 LI0ASS homolog AF0E47 2648754 inosine monophosphate
: ALT MAMES: inosine-monophosphate 02041 1 INOSINE MONOPHOEPHATE dehyrdrogenase (guab-10
NEQO1E7788 | Archaeoglobus fulgidus dehydrogenase (guab-1) homolog DEHYDROGENASE (GUAB-1) HP_069681 inositie monophosphate
[misniomet) dehyrdrogenase (guab-1)
F&8514 wheV homolog 2 226428410 inosine monophosphate
. LALT MAMES: inosine-monophosphate 028162 INOSINE MONOPHOSEFHATE dehydrogenase (guabB-2)
ME00188267 | Archasoglobus fllgidus dehydrogenase (guab-2) homolog DEHYDROGENASE (GUAB-2) NF_070943 inosine monophosphate
[tristiomer] dehydrogenase (guaB-I)
2 _ % ophosphate
ive
wrooiszerr e A AFTIAl lISt of IMPdehydrogenase misnomers e
ive
I t mophosphate
in complete genomes remaining in some st
IEQD1%7776 (Thermo
b I - d b nonophosphate
public databases peotein
nophosphate
Ifethanothermobacter Tl . N S 027204 INOSINE- 5-MONCOPHOSPHATE detiydrogenase related protein V
MNF00414709 thermantotrophicus ‘jLT—NMES ‘inosine-monophosphate DEHYDROGENASE RELATED PROTEIN ¥ HP_276354 inosine-5-monophosphate
ehydrogenase related protein V [misnomer) ) e e s
DaR035 MT1232 protein homolog MTH126 2621166 inosine-J-monophosphate
NE00414311 Idethanothermobacter |ALT NAMES: innsine-5-monophosphate (026220 INOSINE- 5 MONOPHOSPHATE dehydrogenase related protein VII
e 1 dehydrogenase related protein VII DEHYDROGEN ASE RELATED PROTEIN WII MP_275269 inosine-5-monophosphate
thermautotrophicus ydrog 2 MNP 2754069 phosp
[tistiomet] debrydrogenase related protein VII
. 22623093 inosine-Y-monophosphate
F004 14837 [Methanothermobacter %ﬁﬁ?iﬁmﬂpﬁﬁ Mhszie 027073 INOSINE- 5 MONOPHOSFPHATE dehydrogenase related protein IX
—————|lthermautotrophicus = . i DEHYDROGENASE RELATED FROTEIN I MP_276127 inosine-5-monophosphate
|3 dehydrogenase related protein I [misnomer] PR .
dehyrdrogenase related protein I
2622697 inosine-S-monophosphate
ME004 1406 Methanothermobacter %ﬁg;ﬁﬁfiam hosnhate 027616 INOSINE- 5 MONOPHOSPHATE debydrogenase related protein 3
= W ermautotrorhicus — : PRAspa DEHYDROGENASE RELATED FROTEIN X NP _276687 inosine-5-monophosphate
F dehydrogenase related protein X [misnomer) raT— .
dehyrdrogenase related protein X

CS2220,

2021/22

Copyright 2021 © Wong Limsoon




30

IMPDH domain structure
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dpip PChO0427: PDOCOO2S1 IMP dehydrogenase £ GMP reductase signature
e PFODS7S: IMF dehydrogenase 7 GMP reductase C terminus
porgoiga PFOOST1: CBS domain
AR FPFO13581: Helix-turn-helix
wf PFO157<: IMP dehydrogenase / GMP reductase N tarminus
g FPFOZ2195: ParB-like nuclease domain
"(SF%E%%;DJ i o o e o e e . spooioodododols ojololodododok =

4 514

E70Z18

il

EG43EE1

(SFON0131) et e ek

GEE355

(SFON4GEG) — pcempcenioge  sojicjolsolok

i 1E0

FEO514

(SFO04395) B R

1183

BE9407

(SFO04394) B e © o s s S e o

i 259

(SFOD4593)  schaldoldolok d-doldolodold

<

<:| IMPDH Misnomers in Archaeoglobus fulgidus

<&

-4u4<\

194 <::I IMPDH Misnomer in Methanococcus jannaschii

 Typical IMPDHs have 2 IMPDH domains that form
the catalytic core and 2 CBS domains.

 Aless common but functional IMPDH (E70218)
lacks the CBS domains.

« Misnomers show similarity to the CBS domains

Copyright 2021 © Wong Limsoon

CS2220, AY2021/22



- . . T\ US
Invalid transitive assignment 9%/ zmn=

Root of invalid transitive assignment

phosphonbosyl-AMP eyelohydrolase (EC
B::} " H70468 [SFO01258 051440)(3.5.4.19) / phosphoribosyl- ATP pyrophosphatase || Aquifex aeolicus
(EC 3.6.1.31) [surulanty]

phosphoribosyl-AMP cyclohydralase (EC
7 576963 |[SFO01258 039935 3.5.4.19) / phosphoribosyl- ATP pyrophosohatase | Synechocystis sp Prokfgram- [557.0  |5.7e-24 (230 39175 (194 | so—
(EC 3.6.1.31) [sirrulanty)

[ T35073 [SF029243 005738 probable phosphorbosyl-AMP cyclohydrolese  [Streptomyces coelicolor  Prolgramt [399.3  [3.56-15 [128)42.157 [102 | s
phosphorthosyl-AMP cyclohydrolase (EC ]
3.5.4.19) / phosphorbosyl- ATP pyrophosphatase
(EC 3.6.1.31) / hishidingl dehydrogenase (EC
1.1.1.23)

. phosphonbosyl- AMP cyclohydrolase (EC
Ao 005738)\5's 4.19) [similarity]
O::) F Go4377 |SFOD6833 pangay EhesphonbosyATE pyrophosphatase (EC
3.0 131 [sirrdlar
phofphoribosyl-ATP pyrophosphatase (EC
3./ 1.31) NMBOA03 [similarity]

Fhosphoribosyl- ATP pyrophosphat A - B - C == A - C
13.6.1.3 1) MIMAOEDT [surilanity]

phosphorbosyl- AMP cyclohydrols
3.5.4.19) / phosphonbosyl-ATP py
(EC 3.6.1.31) { histidinol dehydrog
1.1.1.2%)

~

Proklother [594.3  |4.8e-26 (205 (39.084 197

M 553349 [SFOO1257 001188 Saccharomyces cerevisiae [Eukffung (3841 [2.5e-14 |799|31.363 (204 | e—

[ Ed9405  [SFO29243 \Archaeoglobus fulmdus | |Archae 3%6.8 |4.8e-15 |IDE 47.778 |90 —

Methanocooous jannaschy | Archae 469 |1.1e-0d ’; 36,842 (95

T DA1L78 [SFOD623] !10]491 |HE1RRF.1’“IF| mirnineitidis |Pmk|"mr'n- 7199 |2 fie-Mfi E 15 227 |SR/+/

[T Gg1925 [SFODSE33 101401

B (SF001258)

=

A (SF029243)

851513 [SFO0L257 |D0JA8E

Mis-assign/ment

C (SF006833)

i - 7
of function No IMPDH domain
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Emerging pattern

Typical IMPDH Functional IMPDH w/o CBS

dpip PChO0427: PDOCOO2S1,IMP dehydrogeanase gnat
e PFODS73: IMF dehydrogenase / GMP reductagd C terminus
porgoiga PFOOST1: CBS domain
AR FFO1351: Helix-turn-helix
wf FFO1574: IMP dahydrogenase
g FFO2195: ParB-like nuclease dogfain
A31997 \ . =
[SFO00120) e o o e o o e o *7‘*‘ P Y 14
E70213 = )
(SFON0131) et e ek a4
Eoal « 194 {3 IMPDH Misnomer in Methanococcus jannaschii
(SFO04G3G) B ey

GEOS55 . <:|
(SFODMG3E) — solobiobodobok  Alodolobloiok 189

FEO514 : i - e
(SFROABEH 183 <:| IMPDH Misnomers in Archaeoglobus fulgidus

BEI407 ,
(SFODGR5)  wohobhobhobok dohobhobdook R

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

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon



Application of
seguence comparison:
Active site / domain discovery
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i'\@gj National Universit

of Singapor,

* How to discover the active site and/or domain of
a function in the first place?

— Multiple alignment of homologous seqgs

— Determine conserved positions

— Emerging patterns relative to background
— Candidate active sites and/or domains

« Easier if sequences of distance homologs are
used

Exercise #2: Why?

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon
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In the course of evolution...

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon
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Multiple alignment of PTPs

gi| 126467 FHFTSWPDFGVPFTP IGHLEF LEEVEACHP —— QY AGATVVHC S AGVGRTGTFVWIDANLD
i 2499753 FHFTGWPDHGYPYHATGLLAF IRRVELSNP-—-P3AGP IVVHCSAGAGRTGCY IVIDINLD
ogi|462550] THY TOWPDMGYPEY ALPYLTFVERS S AARN-—-PETGPVLVHC S LGV GRTGTY INIDSHMLG
ogi| 2499751 FHFTSWPDHGVPDTTDLL INFREYLVEDYHEQSPPESP ILVHCS AV GRTGTFIATIDELIY
i 17095906 FOFTAWPDHGYPEHPTPFLAFLERVETCHP-—PDAGPMVVHCSAGVGRTGCF IVIDANLE
gi| 126471 LAFTIWPDFGVYPF TP IGHNLEFLEEVETLNP -—VHAGP IVVHC S LGV GRTGTF INIDAMMA
ogi| 5486026] FHFTGWPDHGYPYHATGLLAF IRRVELSNP-—-P3AGP IVVHCSAGAGRTGCY IVIDINLD
i 131570] FHFTGWPDHGYPYHATGLLGFVREOVESESP——PNAGPLVVHC S AGAGRTGCF IVIDINLD
gil2144715 FHFTSWPDHGVPDTTDLL INFREYLVEDYHEQSPPESP ILVHCS AV GRTGTFIATIDELIY
LT wEE OwEE .o L mEEETE EEEE % E

 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

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon



Guilt by association:
What If no homolog of known function is
found?
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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

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon



Phylogenetic profiling NUS

Pellegrini et al., PNAS, 96:4285--4288, 1999

 Genes (and hence proteins) with identical
patterns of occurrence across phylatend to
function together

= Even if no homolog with known function is
available, it is still possible to infer function of a
protein

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon
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Conclusion: P2and PT ore fonctionally linked ,

Fi and PH are functionally linked

NUS

National University
of Singapore

Phylogenetic
profiling:
How It works

Copyright 2021 © Wong Limsoon
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Phylogenetic profiling: P-value 9% sz

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(z|N,z,y) = ———
W
where
N
v, =
No. of ways to distribute z z? )
co-occurrences over N = = (N — 2z ) N-—z
lineage's z \ T — 2 T
W= (N . N «_ No. of ways of
No. of ways to distribute \ T Y distributing X and Y
the remaining x—zandy -z over N lineage's
occurrences over the remaining without restriction

N —z lineage's

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon
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Phylogenetic profiles: Evidence NUS
Pellegrini et al., PNAS, 96:4285--4288, 1999 v
No. of non- No No
homologous  etghbors — neighbors
proteinsin 10 Kevword in random
Kevword group group group
Ribosome Al 197 77
Transcription 36 17 10
IRNA svnthase and ligase 26 11 3
Membrane protemns® 25 80 3
Flagellar 21 80 3
Iron, fernc, and fernun 19 3l 2
Galactose metabolism 18 3l z
Molvbdoterin and Molvbdenum,
and molvbdotenn 12 6 |
Hypothetical t 1.084 108,226 8.440

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

CS2220, AY2021/22
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hamming distance y v m
= #lineages X occurs + FAKEGG /
#lineages Y occurs — COG .
2 * #lineages X, Y occur ¢

©O 0O 000 o o oo

in KEGG/COG

5 10 15 20 25 30 35
hamming distance (D)

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

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

common pathways Exercise #3: Why do proteins having high
hamming distance also have this behaviour?

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon



Differences
of “unknown”
to other fruits
are same as

“apple” to
other fruits

“unknown” 1s
an “apple”!

CS2220, AY2021/22

EEINII jS
Guilt by association of dissimilarities

" |1|:
-
-
[ o

L
¥ w_ "

niversity
re

G)range1

Banana;

N

Apple;

o

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
Shape = round vs round

Color =red vs yellow
Skin = smooth vs smooth
Size = small vs small
Shape =round vs oblong
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SVM-Pairwise framework

Training Training Features
Data
Feature St S S Support Vectors
S1 Generation . S, iy fio fi3 .. Training R Machine
S2
Sz T T fog (Radial Basis
S3 Sy fy fy fy3 ... Function Kernel)
f3l is the |oca| / er aee wen l
alignment score
between S; and S, Trained SVM Model
(Feature Weights)
Testing Testing Features l
Data
Feature S1 S; S
T1 Generation | Ty fy i fipo Classification = RBF
T2 T2 f21 f22 f23 Kernel

T3 T3 f3l f32 f33 l
/

f;, is the local P
alignment score
between T; and S;

Discriminant
Scores

Image credit: Kenny Chua
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BE &

Performance of SVM-Pairwise 9% sz

 Receiver Operating
Characteristic (ROC)

— The area under the
curve derived from
plotting true positives as
a function of false
positives for various
thresholds.

e 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.

CS2220, AY2021/22

No. of families with given performance

No. of families with given performance

G0

S0

40

30

SVM- pairwise ———
_ SVM-Fisher

SwWib-Fisher —---e-—— o
KMNMN-pairwisges——=1+-—-_ P
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7 SAM ——-— —
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= - o —
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Protein function prediction
from protein interactions

National University
of Singapore

TINUS
9
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Functional association thru interactit¥g:

« Direct functional association:

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

— Proteins from the same
pathways are likely to interact

* Indirect functional association

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

— Proteins that have common
biochemical, physical properties
and/or subcellular localization
are likely to bind to the same
proteins

Level—\l neighbour

p

Level-2 ?eighbour

o g

"

Copyright 2021 © Wong Limsoon
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An Illustrative case of NUS
Indirect functional association?

SH3 Proteins SH3-Binding
0240 Proteins
YirO24c X

Yvsl167

Ypris4we
Bdcl

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

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

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon



TINUS

Freq of indirect functional associati®§ s

YALO12W
[1.1.6.5
[1.1.9
| | | |
YJRO91C YMR300C YPL149W YBR055C YMR101C
[1.3.16.1 [1.3.1 |14.4 [11.4.3.1 142.1
[16.3.3 [20.9.13
|42.25 ______J______ﬂ
r——————l—————j [14.7.11 YDR1
1.1, ) . .
YPL088W YBR293W 1.1 |Shared Functions with Fraction
|2.16 [16.19.3
|1.1.9 [42.25
[1.1.3 . .
11.1.9 YBLO72C [ evel-1 neighbours exclusively 0.016338
R Level-2 neighbours exclusively 0.226574
| | [ [Level-1 and Level-2 neighbours 0.463960
YBR023C YLR330W YBL061C vIr14C [Level-1 or Level-2 neighbours 0706872
110.3.3 11.5.4 11.5.4 —
[32.1.3 134.11.3.7 [10.3.3
|34.11.3.7 [41.1.1 [18.2.1.1 [16.7
142.1 143.1.3.5 [32.1.3 [20.1.10
[43.1.3.5 143.1.3.9 [42.1 [20.1.21
[43.1.3.9 [43.1.3.5 [20.9.1
[1.5.1.3.2 I [1.5.1.3.2
| YKLOO6W | | |
[12.1.1
112.1.1 112.1.1 |12.1.1 11.4.1 [12.1.1
|12.1.1 [42.16
112.4.1
[16.19.3

Source: Kenny Chua
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. . . EBNUS
Prediction power by majority votin®¥ sz

Precision VS Recall

* Remove overlaps inlevel-1 .
) 5T 4510 82
and level-2 neighbours to o 52 - 51
study predictive power of 0at ° o S1-82
“level-1 only” and “level-2 _ N
only” neighbours g 7 ﬂaﬂ
e - .. B
e Sensitivity vs Precision 021 o b
analysis ®o, °
K K 041  Oomg, %
PR — Zi ki SN — Zi ki | M

K K u T T T :
Z_ m. Zi n, 0 0.2 0.4 0.6 0.8 1
|
Recall

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

protein i performs better

kiIs no. of fn predicted — L1 N L2 neighbours has
correctly for protein i T
greatest predlctlon power
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Functional similarity estimate: NUS
Czekanowski-Dice distance

 Functional distance between two proteins eunea, 200

IN,AN, |
IN, UN,|+|N, "N, °
O

* N, is the set of interacting partners of k
« XAY is symmetric diff betw two sets Xand Y
« Greater weight given to similarity

D(u,v)=

= Similarity can be defined as

2X

S(u,v)=1-D(u,v) = X+ (V1 Z)

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon



Functional similarity estimate: NUS
FS-weighted measure

« FS-weighted measure

2N, NN, 2N, NN,

S
U)o AN, AN NN 2N, N

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

= Rewriting this as

2 X ) 2 X
2X+Y 2X+”7

S(u,v)=

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon
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: : ... . EBNUS
Correlation w/ functional similarity®% sz

« Correlation betw functional similarity & estimates

Meighbours [CD-Distance [F5-Weight |l

51 0471810 0. 408745 (
52 0.224705 0. 298843 (
51 52 0. 224581 0.29629 [

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

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon
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Reliability of expt sources

« Diff Expt Sources have diff | source Reliability
I‘e|labl|l.tleS o Affinity Chromatography 0.823077
— Assign reliability to an - S
interaction based on its Affinity Precipitation 0.455904
eXPt SOUICEeS (navieva et al, 2004) Biochemical Assay 0.666667
* Reliability betw u and v Dosage Lethality 05
computed by:
Purified Complex 0.891473
ru’v _ 1_ | | (1_ r.|) Reconstituted Complex 0.5
SIS Synthetic Lethality 0.37386
* r1,is reliability of expt Sunthetic 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

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon



% National University
of Singapore

Source Reliability
Can you th|nk Of Affinity Chro-m-ato-graphy 0.823077
. . _ Affinity Precipitation 0.455904
thlngs a bIOIOQISt Biochemical Assay 0.666667
can do to assess S ——— —
the Ovel'a” Purified Complex 0.891473
rellablllty Of a PPI Reconstituted Complex 0.5
Screenlng assay/ Synthetic Lethality 0.37386
Sourcef) Synthetic Rescue 1
. Two Hybrid 0.265407

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon



Functional similarity estimate: EE NUS
99
FS-weighted measure with reliability

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

2 ZUWVW 2 ZUWVW
Sq(u,v)= <M,ONy) <Ny oNy)
[Z >l )j+2 P [Z P )j+2 2
weN,—N, e(N,AN,) (N, AN, ) weN,—N, e(N,nN,) we(N, NN, )

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

= Rewriting

S(u,v)z 2 X 2 X

X
2X+Y 2X+/Z

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon
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Integrating reliabilities
 Equiv measure shows improved correlation w/
functional similarity when reliability of
Interactions is considered:

MHeighbours [CD-Distance [F5-Weight [F5-Weight R

51 0471810 0. 408745 0.532596
52 0.224705 0. 298843 0.373317
51 52 0. 224581 0.20629 0.363025

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon



Improvement to @@ NUS
prediction power by majority votin

of Singapore

0.5
\ae + Heighbour Counting Awweight & L2 Considering only
' & Neighbour Counting Aw weights neighbours w/ FS
04 | 0 Neighbouwr Counting weight > 0.2
t
038 5
0zt
& 025 | &
: s,
I:II: O i
0.2 F o a ﬂh'l'
oat,
015 | ”ftgﬁ*
=
IR +++
+-I-
- *-l-
0,05 *r,
0
0 0.2 0.4 06 0.8 1
Recall
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Improvement to

National University
of Singapore

TINUS
95

over-rep of functions in neighbours

o) o
Fraction of neighbour pairs with Functional Similarity Fraction of neighbours with Functional Similarity
at FSWeight threshold 0.2
! os1-82 1
0.9 o s2- 81 0.9 - os1.-52
g-?' — m 5152 0.8 o522 -51
"] B All Pairs 0.7 - BS1n S2
5 %81 _ £ 0.6 0
g 059 ﬁ 05 - o
“ g; 1 w04 A
' 0.3 ~
o2 0.2 -
0.1 4
0.1
I:I T T T T T
] 1 2 3 4 ] 0 ' ' '
0 1 2 3 4 5
MIPS Annotation Level
MIPS Annotation Lewvel
o o

CS2220, AY2021/22
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Use L1 & L2 neighbours for predlct W91 US

« FS-weighted Average

o) 3| A T $u(0900)+ TS 0]
veN we
r... 1S 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
m, 1S freq of function x in the dataset

Z 1s sum of all weights

Z=1+ Y| Srr(u,v)+ Y Sp(u,w)

veN, weN,

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon
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BB &
Performance of FS-weighted averac NUS

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

1 Informative FCs

Jlt“:..e o N:
0.9 % . Che
0.8 " = PRODISTIN
. "x = FunctionalFlow
074" . « FS Weighted Avg
06 of "
E 1 o og X
2 05 4 x
E 0.4 1=, H!
o =
03t P "
Fag "
0.2 4 e Y
D 1 g Iﬁft&%]:"?ﬁ; r}ix
o i’i"ﬁ'-l"-ﬂ.&:
] “SEE R g

0 D‘I CIECIE ﬂdDEDE a7 08 08 A1
Recall
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About the inventor: Chua Hon Nia® US

« Chua Hon Nian
— PhD, NUS, 2008

— Postdoc at Harvard
& Univ of Toronto

— 49" hottest paper in
Computer Science
published in 2006

— Winner, DREAM?2
challenge PPI
subnetwork, 2007

— Head of R&D at Data
Robot
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Application of
seguence comparison:
Key mutation site discovery

National University
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Identifying key mutation sites NUS
K.L.Lim et al., JBC, 273:28986--28993, 1998 e

Sequence from a typical PTP domain D2

»gi| 00000 PTPA-DZ
EEEFKKLTS IKIQNDEMRTGNLE ANMEKNRVLOIIPYEFNRVIIPVERGEENTDYVNASF
IDGYROKDSYIASQGPLLHTIEDFWRNIVEWKSCSIVMLTELEERGQEKC AQYWPSDGLY
SYGDITVELKKEEECESYTVRDLLVTNTRENKSROIROFHFHGWPEVGIPSDGKGMISII
AAVOKOOOOSGNHP I TVHC S AGAGRTGTFCALS TVLERVKAEGILDVFQTVESLRLORPH
MVQTLEQYEFCYKVVQEYIDAFSDYANFK

 Some PTPs have 2 PTP domains

« PTP domain D1 has much more activity than PTP
domain D2

« Why? And how do you figure that out?

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon



Emerging patterns of PTP D1 vs C “?§'°Sap uuuuuuu

* Collect example PTP D1 sequences
 Collect example PTP D2 sequences

 Make multiple alignment A1 of PTP D1
 Make multiple alignment A2 of PTP D2

 Arethere positions conserved in Al that are
violated in A2?

— These are candidate mutations that cause PTP
activity to weaken

Confirm by wet experiments

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon



ANUS
‘?E et
) E— Exercise #5
D2+ X Which of these two
L T = sites (“X” or “0O”) is
) more likely to explain
< @ X the difference of D1
D1 & x and D2?
=¢_ ) absent
X @D present
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: _ =&\
Key mutation site: PTP D1 vs D US

7 7 7 7 7 27
oi|Odoooo| P [)2 QFHFHGUPEVGIPSDGEGH IS ITAAVOEOQOO-SGNHP ITVHC S AGAGETGTFCALSTVL
ogi]| 126467 | RFHFTEWPDFGVEPF TP IGHLEF LEEVELCNP ——QV AGATVVHC S AGVGRTGTFVV IDANML
gi| 2429753 QFHF TGWPDHGYPYHATGLLEF IRREVELSNP--P3AGE IVVHC S AGAGRTGCYIVID IML
gi| 462550 YHY TOWP DM PEY ALPVLTFVRRS S AARM-—-PETGPVLVHC S A GRTGTY IVIDSHL
oi| 2499751 QFHF TAWFDHGVFDTTDLL INFEYLVYRDYMEQSPPESF ILVHC S AGVGRTGTF IATDRL I
ogi]| 17059906 [)1<QFQFTAHPDHG?PEHPTPFLAFLRR?KTCNP——PDLGPH??HCSAGFGRTGCFI?IDAHL
gil126471]| QLHFTSWPDFGVPFTE IGHLEFLEEVETLNP--VHALGP IVWVHC S AGVGRTGTE IVIDAMM
gi| 343620 | QFHF TGWPDHGVEPYHATGLLSF IRRVELSNP--PSAGE IVVHC S AGAGRTGCYIVID IHML
ogi]| 131570 QFHF TGWFDHGGYPYHATGLLGFVROVESESP-—-PNAGFLVVHC S AGAGRTGCF IVID IHML
gil2144715 \QFHF TSWPDHGVPDTTDLL INFRYLVRDYNEQOSPPESP ILVHC S AGWGRTGTF IATDRLT

* . k%, *_% . L hETEEE hEEE

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

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

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon
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National University

Key mutation site: PTP D1 vs D2%

gi|126467] - QFHF TSR

gi| 2499753 QF HF TGWRIHES 1
gi| 462550 OYHY TOWPDMGVPETRL
gi|2499751 QOFHF TSWPDHGVEDTTDI
gi| 1709906 [)1< OF QF TAWPDHGVPEHE TI
gi| 126471 QLHF TSWPDFGVEFTE I
gi| G45626] OFHF TGWPDHGVETHLT
gi| 131570 QOFHF TGWPDHGVE THAT:
gi|z144715 \ OFHF TSWPDHGVED TTD]

w . '.'.".'.'_ '.'.'_'.'.'

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

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon



. . . EBNUS
Confirmation by mutagenesis ¥z
« 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 Iin D1 and see if there is loss in PTP
activity

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

CS2220, AY2021/22 Copyright 2021 © Wong Limsoon
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About the inventor: Prasanna Kolat/fr=

* Prasanna Kolatkar

— Research Fellow,
BIC, NUS, 1997-
1999

— Currently Senior
Scientist at Qatar
Biomedical
Research Institute
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Concluding remarks




What have we learned?

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

 Important tactics
— Genome phylogenetic profiling
— SVM-Pairwise
— Protein-protein interactions
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Any guestion?
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