Constructing More Reliable Protein-
Protein Interaction Maps

Outline

» Reliability of experimental PPl data

+ Identification of false positives
— Interaction generality
— Interaction generality 2
— Interaction pathway reliability
— FS Weight

- Effect of more reliable PPI data on protein
complex prediction
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How Reliable are Experimental
Protein-Protein Interaction Data?

» Complete genomes
are now available

» Knowing the genes is
not enough to
understand how
biology functions

GENOME
-

» Proteins, not genes,
are responsible for

Why Protein Interactions?

many cellular activities

PROTEOME

>

Proteins function by
interacting w/ other
proteins and
biomolecules

“INTERACTOME”

s

2
d

=4

[

Slide credit: See-Kiong Ng
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Key Bottleneck

* Many high-throughput expt detection methods for
protein-protein interactions have been devised

- But...

Slide credit: See-Kiong Ng
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Some Protein Interaction Data Set
Sprinzak et al., JMB, 327:919-923, 2003

Experimental method category* MNumber of interacting pairs Co-localization” (%) Co-cellular-role® (%)
All: All methods 9347 64 49
A: Small scale Y2H 1861 73 62
AD: GY2ZH Uetz et al. (published results) 956 66 45
Al: GY2ZH Uetz et al. (unpublished results) 516 53 33
A2 GYZH lto et al. (core) 798 64 40
A3 GY2H Ito et al. (all) 3655 41 15
B: Physical methods 71 98 95
C: Genetic methods 1052 77 75
D1: Biochemical, in vitro 614 87 79
D2: Biochemical, chromatography 648 93 88
El: Immunological, direct 1025 a0 a0
E2: Immunological, indirect 34 100 a3
2M: Two different methods 23 87 85
3M: Three different methods 1212 92 94
4M: Four different methods @ 95 93
N

Large disagreement betw methods

* GY2H: genome-scale Y2H
« 2M, 3M, 4M: intersection of 2, 3, 4 methods
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Reliability of Protein Interaction D

niversity

Sprinzak et al, JMB, 327:919-923, 2003 ~
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Are We There Yet?

Coverage Data quality

99% of genome 99.9% correct

sequence

80-90% of transcripts 90% of spots are good
represented data

10-30% of interactions 50-70% of interactions
catalogued are spurious

Slide credit: See-Kiong Ng
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Objective

Some high-throughput protein interaction expts
have as much as 50% false positives

Can we find a way to rank candidate interaction
pairs according to their reliability?

How do we do this?

— Would knowing their neighbours help?

— Would knowing their local topology help?
— Would knowing their global topology help?
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Would knowing their neighbours help?

The story of interaction generality

TN US
ked

National University
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An Observation

KK

» It seems that configuration a is less likely than b in protein
interaction networks

+ Can we exploit this?
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Interaction Generality
Saito et al., NAR, 30:1163-1168, 2002

Given an edge X & Y connecting two proteins, X and Y, the “interaction
generality” measure ig%(X ¢ Y) of this edge as defined as

g X eY)=1€[{X' Y e¢|X e {X,Y}, deg%(Y") =1}

eree of the node U in the

where deg?(U) = |{V| U « V € G}| is the de
undirected graph G.

The number of proteins

THROZIC cIT2 - BUD14  BCDS that “interact” with just
cKsl | A N/ FIRl . X or Y, and nobody else
ey YDRALZH o GLC7 . ]
- 7\ ! ig(YDR412W&GLC7)
\ s /| N\ g =1 + # of yellow nodes
rens \ / ;
TRROIW GIFl REFZ  YORILSK
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Assessing Reliability Using
Interaction Generality

EORS

Recall configuration a is less likely than b in protein
interaction networks
The smaller the “ig” value of a candidate interaction pair is,
the more likely that interaction is
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Evaluation wrt 5
Intersection of Ito et al. & Uetz et al.

[G._[ito ol Joviap Uetz ol ovian ]
1| 2290 66| ass| sow] [ 236] 58] oon] a4
2| 137 34| saf 75y 226 37| 57| 718
3] 57| 16| eaw s 113] 16| 78] sax
4] 43 6] 69%| 92v 66 6] 798| sew
5| 24 4] 734|854 38 5| 83| 92y
6 16 1| 75%| 95%) 37 2] 88%| 93%|
1 =7 0 7on] asu 20 3] oou| o5
8 23 1| 83%| g6y 16 2| 92%) 97|
9| 9 1) 84%| o7y 4 0| 93%| 974}
0] 2 0] san| o7% 44 0] 98| 974

0 0| B84%) 97%) 9 2| 09% 98%)

1 0 4 0| 100% sgw.l

13 0 0 1] 1008] 904

4] 15 0 1 1] 100%| 100%)

15 16 0 0 0 100%| 100%)
IG| 30 3 1 0} 100%| 100%
17 L] 1 0 0] 100%| 100%
13’ 20] 0 0 0| 100%] 100z}
19 2 0 0 0] 100%| 100%
20 3 0 0 0] 100%| 100%
21 0 0 0 0/ 100%] 100%]
22 Q 0] 0 0] 100%| 100%
23] Q 0 0 0| 100% mmal
24 0 0 0 0] 100%| 100%
25 0 0 0 0] 100%| 100%
26— 0 0 0] 0] 100%| 100%

Total | 673] 133 815 133

There are 229 pairs

in Ito having ig = 1.

Of these, 66 (or 34%)
are also reported by Uetz

 Interacting pairs ¢’mon to
Ito et al. & Uetz et al. are
more reliable

» Also have smaller “ig”
= “ig” seems to work
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Evaluation wrt Co-localization

~60% of pairs in

in Ito having ig=1
are known to have
common localization

g
|
|

3
1

—Ni—phys
=t
—ir— Untz

3

Interaction pairs

having common
cellular localization
are more likely

» Also have lower “ig

= “ig” seems to work

g

g

Ratel%) of pairs with common cellular relalz)

g

Default 25 20 15 10 5
Intaraction ganerality threshaold
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Evaluation wrt Co-cellular Role

Other common 24%, )
[ Cross 37%
f
Protein synthesis 2%
Cell cycle control 3%
Protein degradation 2%
Milosis 3%
Chromatin chromosome structure 3%
Nuclear cyloplasmic ransporn 4% .

* Interaction pairs having
common cellular role are
Vasicular transport 8% mOI‘e Iikely

.F';:Tt\;angcr-gm PP
F,Wm:.wmmg‘;" reduced Also have lower “ig
x-talk = “ig” seems to work

B 4 Cross 20%
Other common 27%

JJ

Protein synthesis 2% Vesicular transport 12%

Cell cycle control 3%
Protein degracation 4%,
Milosis 4%

\ A: before restrict to pairs with “ig = 1"
- Pt baecriplion 1% B: after restrict to pairs with “ig = 1"
Chromatin chromosome SUCUre 4%, gy ';l,mssmg S

Nuclear cyloplasmic transport 4%
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Would knowing their local topology help?
The story of interaction generality 2

Existence of Network Motifs
Milo et al., Science, 298:824-827, 2002

* A network motif is just a

& local topological
b configuration of the
‘ network
S5 R
o\ Y, * “Detected” in gene
;‘ g ® regulation networks, WWW
12 -
motit: @ links, etc.

o Nodes  Edges | Veeal MNand= 5D  Zscore | Meal Neand=3D  Zscore
Gene regulation X Feed- X Y Bi-fan
(transcription) W forward

Y Inap
W z W
>7
E. coli 424 519 40 7+3 10 203 47+12 13
5. cerevisiae® 685 1052 70 INEX 14 1812 30010 A1
Observed 70 times in S. cerevisiae Observed ~11 times in random data
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5 Possible Network Motifs

‘.‘!2

+ Classify a protein C that

directly interacts with the

pair A&B according to

these 5 topological
o o o configurations
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A New Interaction Generality
Saito et al., Bioinformatics, 19:756--763, 2003

The improved interaction generality measure z’gg (X 4 Y) is defined as a

weighted sum of the 5 local topological configurations 7y, ..., 75 as

5
(X V)= M+{X'|X' V' eG, Y e {X,Y}, rf(X',X & Y)}
i=1

where A; is the weight for configuration 7;, and 7; (X’ X &Y ) means X' isin
configuration 7; in graph G wrt X & Y.

Copyright 2008 © Limsoon Wong
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Evaluation wrt
Reproducible Interactions

~90% of pairs in intersection
of Ito & Uetz have ig, < 0.

e orl 9 R g "o,\o{l.,\bs

~95% of pairs-having /_\
n 2

ig2 = —6 have commo

& P

cellular roles L5

100 20 60 40 20 0
Number (%) of interactions left in a given threshold

100
85
90
85
80
75
70
65

60

Rate of pairs with commaon cellular

Rate of pairs with common cellular role(s,

Evaluation wrt
Common Cellular Role, etc.

100 —

localization(s)

~60% of pairs not in intersection
of Ito & Uetz have ig, <0

“reproducible”
0.25 interactions
y = “ig,” seems to
: - work
2
2018 E
& 8 —=— Rep
G — noi-Rep
0.05
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+ “ig,” correlates well to
common cellular roles,
localization, & expression

—— G2

“ig,” seems to work better

than “ig”

100 80 60 40 20 0

Number (%) of interactions left in a given IG2 threshold

Copyright 2008 © Limsoon Wong

+ “ig,” correlates to

03

| 025

=
¥}

o
5

o

]
Expressional correlation
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Would knowing their global topology help?
The story of interaction pathway reliability

» A true interacting pair is often connected by at
least one alternative path (reason: a biological
function is performed by a highly interconnected
network of interactions)

+ The shorter the alternative path, the more likely
the interaction (reason: evolution of life is
through “add-on” interactions of other or newer
folds onto existing ones)

Copyright 2008 © Limsoon Wong
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Therefore...
Conjecture: Idea:

“An interaction that is _Use alternative
associated with an interaction paths

alternate path of ~as ameasure to
reliable interactions indicate functional

is likely to be linkage between

reliable.” the two proteins

Slide credit: See-Kiong Ng
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Interaction Pathway Reliability

The “interaction pathway reliability” measure ipr9(X « Y') is defined as

ipr(X <+ Y)= max H (1 - zgg(bgiﬁl})
vEPY(X,Y) (U&V)Ed tJhax
where ig¥9, = max{ig9(X + Y) | (X ++Y) € G} is the maximum interaction
generality value in G; and ®9(X,Y) is the set of all possible non-reducible
paths between X and Y, but excluding the direct path X +» Y. Here, a path ¢
connecting X and Y is non-reducible if there is no shorter path ¢' connecting
X and Y that shares some common intermediate nodes with the path ¢.

IPR is also called IRAP, “Interaction Reliability by Alternate Pathways”
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Non-reducible Paths ~  ~ =

* Non-reducible paths are
- A——>F«—E
— A——B«—E
* Reducible paths are
— A—>B«—C«—D«—E
— A—B«—C«—E
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Evaluation wrt
Reproducible Interactions

The number of pairs not in the
intersection of Ito & Uetz is not

changed much wrt the ipr value The number of pairs in the
of the pairs intersection of Ito & Uetz
\ increases wrt the ipr value

- 0.06 of the pairs
5 005
5 004
3 * “ipr” correlates well
5 003 to “reproducible”
c . .
2 e interactions
- = “ipr” seems to work
E 00l - N
=
A4 0 1 1 1 |

0 0.2 0.4 0.6 0.8 1

IPR value
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Evaluation wrt
Common Cellular Role, etc

*  “ipr” correlates well to

" 0.9 T T T T
B b e Vo common cellular
3Ll At th ipr threshold roles, localization, &
E that ¢liminated 80% H
% 0 sy, Of pairs, ~85% of the e-xpressmn
R A e of thf remaining pairs = “jpr” seems to work
LR R e havelcommon celllkr - hyetter than “ig,”
; 0.6 L 1 1 L

1 0.8 0.6 04 0.2 0

Proportion of interactions left in a given fireshold
T T T T 0.35 T T T
e IPR ——
G2 ——% + 162 ——x ¥

= 1 1 1 1 1 1
1 08 0.6 04 02 0 T 0.8 0.6 04 0.2 0
Proportion of interactions left in a given threshold Proportion of interactions left in a given threshold

Proportion of pairs with common cellular localiz:
= )
w i
] 2
T T
iy
\K\{k
i
e
1 1
Expressional comelation
e e
iv i .
A 2
T T
x
X
&
X
o
K
pt
X
1 1
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Stability in Protein Networks

Maslov & Sneppen, Science, 296:910-913, 2002

— 10!
gt ._}\} A
Part of the network of ./ >/
physical interactions f/

reported by !
Ito et al., PNAS, 2001[1

[1

sy
A
Average connectivity of a neighbor

100 107 102 108
Connectivity of a node

According to Maslov & Sneppen

— Links betw high-connected proteins are suppressed

— Links betw high- & low-connected proteins are favoured
» This decreases cross talks & increases robustness

Copyright 2008 © Limsoon Wong

15



Evaluation wrt; ** S 1
“Many-few” i /
Interactions 3 [ /]
/
R /+ .
T
. T e S

*  Number of “Many-few” interactions increases when more
“reliable” IPR threshold is used to filter interactions

» Consistent with the Maslov-Sneppen prediction
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Evaluation wrt “Cross-Talkers” ~-

A MIPS functional cat:

| 02 | ENERGY

| 02.01 | glycolysis and gluconeogenesis

| 02.01.01 | glycolysis methylglyoxal bypass

| 02.01.03 | regulation of glycolysis & gluconeogenesis

+ First 2 digits is top cat

» Other digits add more granularity to the cat

= Compare high- & low- IPR pairs that are not co-
localised to determine number of pairs that fall
into same cat. If more high-IPR pairs are in same
cat, then IPR works

Copyright 2008 © Limsoon Wong
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Evaluation wrt “Cross-Talkers”

» For top cat
— 148/257 high-IPR pairs are in same cat
— 65/260 low-IPR pairs are in same cat

+ For fine-granularity cat

— 135/257 high-IPR pairs are in same cat.
37/260 low-IPR pairs are in same cat

= IPR works

= IPR pairs that are not co-localized are real cross-
talkers!

Copyright 2008 © Limsoon Wong

Can local topology do better?

The story of FS Weight

TN US
ked

National University
of Singapore
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Guilt by Association of
Common Interaction Partners

+ Two proteins that have a large proportion of their
interaction partners in common are likely to
directly interact also

* In fact, this is a special case of the “alternative
paths” used in the IPR index, because length-1
alternative paths = shared interaction partners

Copyright 2008 © Limsoon Wong

Czekanowski-Dice Distance

* Functional distance between two proteins euneta, 200

D(u,v)= ‘N“ANV
NN HN, 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)

S(u,v)zl—D(u,v) =

Copyright 2008 © Limsoon Wong
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Functional Similarity Estimate:
FS-Weighted Measure

+ FS-weighted measure

S(u v)

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

= Rewriting this as

g (u, v) _ 2X 2X

X
2X+Y 2X+Z7Z
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Comelation with Functional Similarity Correlation with Expression Profile
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Effect of a more reliable PPI graph on
Protein complex prediction

Chua et al., Proc. CSB 2007

Cleaning PPI Network by FS-Weight %

E

@ O @ @)
I
* Modify existing PPl network as follow

— Remove level-1 interactions with low FS-weight
— Add level-2 interactions with high FS-weight

* Then run RNSC, MCODE, MCL, PCP, etc

Copyright 2008 © Limsoon Wong

20



Experiments

— PPI[BioGRID], BioGRID

db from Stark et al., 2006
overlap(§,C) =

e Gold standards

— PC,g04, Protein
complexes from MIPS
03/30/2004

— PC,y06, Protein

complexes from MIPS
05/18/2006

where

¢ Overlap(S,C) >

prediction

* PPl datasets « Validation criteria

VAV
VWARA

— S = predicted cluster
— C = true complex

— V, = vertices of subgraph
defined by X

0.25 is

considered a correct

Copyright 2008 © Limsoon Wong

Validation on PC,,

* Precision is improved in all methods
» PCP (more later) performs best

Pracizion vs Recall Precision vs Recall Precision vs Reeall
{Biogrid, L1} [Biogrid, L1+Filtered L2) {Eiogrid, Filtered L18L2)

1 1 1

18] Y o 00 T 08

084 "*-‘n;.. e 0.8 e @g)%g 8

07 N Tt | ——FC 07 - == 07

5 084 Sk, £ 0B L] g 0E
2 =) \ =)

§ 084 .l\t\k “ E.E- ’k\.' L] ]

244 & £ 04 . ] &£ 04

024 hY 0.2 nz2

02 * 0.2 02

0.1 01 01

] i} i}

o 1 0. 03 a 1 D2 ] 03
Racal Recal Recall
(d) (® ®
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Validation on PC,y4

Precisien vs Recall ~ Precision vs Recall
{Biogrid, Fittered L1&L2 PC2004 (Bingrid, Fitterad L1&L2 | PC2006)
1

0o oe

[iX:] +— 0

0T . o7
5 06 s 08
] (ik] 2 (1]
o 0 @
E 04 & o4

0.3 ML [ N e

- —-—
0.2 DI |—— Le|
0.1 HEg0E na | [ FF
0 o T T
o 01 02 03 0 ot 02 03
Recall Recall

* When predictions are validated against PC,,
precision of all algo improved

+ Many “false positives” wrt PC,,,, are actually real
+ PCP again performs best
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Concluding Remarks

NUS

National University
of Singapore
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What have we learned?

» False positives in PPl graph can be identified
based on local topology

— Interaction generality

— Interaction generality 2

— Interaction pathway reliability
— FS Weight

* Precision of protein complex prediction can be
improved by

— PPl network augmented with level-2 interactions
— PPI network cleansed by FS-weight

Copyright 2008 © Limsoon Wong
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