“Guilt by Association”
as a Search Principle

A slight detour ...
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Guilt by Association

e But do we know which ones are causal genes,
which ones are surrogates, and which are noise?

Diagnostic ALL BM samples (n=327)
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Biology 101

« Complete genomes * Proteins, not genes,  « Proteins function by

are now available are responsible for interacting w/ other
« Knowing the genes is ~ Many cellular activities proteins and
not enough to biomolecules

understand how
biology functions

“INTERACTOME"
GENOME PROTEOME
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Slide credit: See-Kiong Ng
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Gene Regulatory Circuits m=m

Extract functional
annotations

Extract relationships
between genes,
proteins, processes,
diseases, & drugs

Predict functional
annotations

Predict relationships
between genes,
proteins, processes,
diseases, & drugs

Invited keynote at SIGIR2008 Copyright 2008 © Limsoon Wong

INUS
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Information Extraction & Retrieval:
Challenges in Context of Biomedicine
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A Typical

Architecture
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Web Interface Module
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~ Search engines are getting
less useful than before

~ too many hits
= notall relevant

¢

b zoam
BIG v
Understandability:

Is our databases or
search results
understandable?

INUS
) i

Take a search on p53. You
get >300k hits or some #
like that on MEDLINE

It is not feasible for anyone
to go thru all of that to find

what he wants! and this
problem is growing bigger as
MEDLINE doubles every 1-2 year.

Need to organize the db
and/or the search results
to make it easier for users
to understand or to
browse the results

Copyright 2008 © Limsoon Wong
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e Take akey paper such as
the Kohn paper that

. summarises current
mplieteness' knowledge on p53

i = 1 Y

s+the structure of
our databases « Is there a (semi)structured
. db that is able to capture
expressive enough all info in that paper
to capture critical explicitly?
information

* How well does this (semi-)
exp|icit|y? structured database

generalize to other similar
type of papers?
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Extract Entities & Annotations

L'e“*Nomenclature loosely

followed - tion of the TALI/SEL gene and [ROSPHOMIGGON o its BEOTER

1, originally identified through its involvement by a

¢+ Freq use of conjunction
! and disjunction in bio

¢ ...names with multiple bio-
M. entity names sharingwonéf;‘ !
i head noun sscn o

1
g ]

Since the terminal events
), we mvesngated

¢ | ong descriptive names

[ :
( :
[ aved despite accumulamg
C . [
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i

]

bothl:ranscnpmonalandpostl:ranscnpmonal lEVEls onthE A7 1
« =Names of genes & Proteins: iasts and establish a link between EpeEERal

used interch: ang eab|y $088 involved in the differentiation of

Zhou et al., BioCreAtIvE, 2004
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Extract Relationships

e Sentences describing relationships tend to be
complicated

 Domain knowledge is often needed for interaction
template filling

“c—Abl tyrosine kinase activity is blocked by
pRb, which binds to the c-Abl kinase domain.”

(pRb wnkibit tyrosine kinase
activity-of c-Abl)

is-coused-by

(pRb bind-to c-Abl af kinase domain)

(pRb infubit tyrosine kinase
activity-of c=Abl)
(pRb bind-to c-Abl kinase domain)
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Edit Wiew Hitory Bookmarks Toolk  Help
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http:if125.63.77.222: 7070ty actor fexplore, dottag=explore | v ‘ D] "|Goog\e

etting Started

XTractor

Data mining simplified

Home | Create Queries | Queries | Explore | Search | Profile | My Contacts | Invite Friend

Dizease | | Drug u Pracess I_I Key Relationships u Categaries || Tag

Adenoma, Pleomorphic ~ Adrenal Cortex Neoplasms ~ Adrenal Cortex Neoplasms Adrenocortical
Carcinoma Bile Duct Neoplasms Breast Neoplasms

Carcinoma, Hepatocellular Carcinoma, Non-Small-Cell Lung carcinoma, Smallcel  Carcinoma,
Squamous Cell carcinoma, Squamous Cell

Carcinoma, Transitional Cell cholangiccarcinoma Colonic Neoplasms Colorectal
Neoplasms  Cushing Syndrome

Emphysema Endometrial Neoplasms  Glioblastoma Glioma Head and Neck Neoplasms
Hepatitis B, Chronic  Laryngeal Neoplasms Leukoplakia. Oral Lung Neoplasms Melanoma

Melanoma Ovarian Neoplasms  Ovarian Neoplasms Pancreatic Neoplasms Pheochromocytama
Credit: Molecular Connections |




Edit Wiew Higtory Bookmarks Toaols  Help

- - @ {2t [ remyi1es.63.77 222 7070jstractorjexplore domteg=explore [ #] [GEl-]a00=

tting Started . Latest Headioes

e

Organizing Retrieval

XTractor

Data mining simplified

Create Queries Dueries

Frotein u Disease u Drug u Process I_I Key Relationships u Cateqgoriesi | | Tag

My Sentences u Fublic Sentences

Credit: Molecular Connections

ript:void getTopkeywords('', 'all_span’, ‘categories')

TINUS
) i

Beyond IE & Retrieval:
Predictions in Context of Biomedicine
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Plan

* Abductive Foundation of “Guilt by Association”
* Issue of Chance Association

* Novel Forms of Association

* Fusion of Multiple Evidence of Association

» Dichotomy of knowing two entities are in some
relationship and yet not knowing what that
relationship is
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Abductive Foundation of
“Guilt by Association™:

A Protein Function Prediction Perspective

PDGF-2 1 SLGSLTIAEPAMIAECKTREEVFCICRRL?DR?? 34
p28sis 61 LARGKRSLGSLSVAEPAMIAECKTRTEVFEISRRLIDRTN 100




Function Assignment to Protein Sequik

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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Parallels

e Given a protein, determine ¢ Given a document,
its functions determine what are the
“things” it describes

« Given a protein, find other ¢ Given adocument, find

proteins that share a other documents that
common function with it describe acommon
“thing” with it

Given a “thing”, find all
documents that describe
that thing

¢ Given afunction, find all
proteins having that
function
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* A proteinis alarge
complex molecule
made up of one or
more chains of amino
acids

e Protein performs a
wide variety of
activities in the cell

Invited keynote at SIGIR2008

A proteinis a ...

Copyright 2008 © Limsoon Wong

* Function is determined
by 3D struct of protein &
environment protein is in

» Constraints imposed by
3D struct & environment
giverise to “invariant”
properties observed in
proteins having the
ancestor with that
function

What is the parallel of the above in IR?

Invited keynote at SIGIR2008

Invariant and Abductive Reasoning” *=

= Abductive reasoning

— If those invariant
properties are seen in a
protein, then the protein
is homolog of this protein

Entailment A = B

Hypothesis/ Observation/
Fact A Conclusion B

= “Guilt by association”

Copyright 2008 © Limsoon Wong
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ZINUS
“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
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H

Sequence Alignment: Poor Exampte’

il Unieaniig
DR

* 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

Invited keynote at SIGIR2008 22 Copyright 2008 © Limsoon Wong
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Sequence Alignment: Good Exam

* 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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Guilt by Association of Seq Similarity

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 Allgnment - I g 134 :\sgr_,:ﬂlli‘.!l i - unknom protein [\les:r:..xut.rn lati]
B — 262,11 uelne i soshizohiue le1i)

>gi11347
i1 14077403 1 1h] | BAESTIE wown piotein (M
Leegth - 105

» Poar seq alignment shows few matched positions B0k . G - 11108 (OB

i/ . - T3/106 (6BR), daps - 17106 (O

= The two proteins are not likely to be hemologous e et e RaT s Tam T T e et
] e 7 w3

LY 5P U AKSGUTL WV DV ANT
IIKLVFSPATVEAKOITIEWVIRILVRANT 50

FWVRDVEAHT 60

Sojets | MEABALIRLSLAKL ALNAAFARAAT

Alignment by FASTA of the sequences of amicyanin and domain 1 of EE e e—
ascorbate oxidase N r o
Amicyanin and uf win M. loti protein
6 " a0 30 100
Anicyanin » GEnRL ovRCTr
Ascorbate Giaiss 1LQRCTIRNDGTASISOCAINPOSTFF ¥ TVLNPGIF FYHCNLCHORSAGLEG]
70 =0 s 100 110
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
Invited keynote at SIGIR2008 24 Copyright 2008 © Limsoon Wong
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Homologs obtained by BLAST

Soore E
Sequences producing significant alignments: (bits) Value
il 14193720 | ogb| AAK56109.1]|AF332081 1 protein tyrosin phosph... =] : e-177
il 126467 sp|P15433 | PTRA HUMAN Protein-tyrosine phosphatase... 2zl e-177
€il4506303 | ref|NP_002827.1] protein tyrosine phosphatase, r... 62l e-176
gilea7294 | prf| | 17013004 protein Tyr phosphatase £20  e-176
g1118450369 | ref NP _S43030.1] protein tyrosine phosphatase, ... .E.ZM e-176
gi| 32067 | @b | CAAST447.1| tyrosine phosphatases precurscor [Ho... j_:..'n ==176
il 2851153 | pir| |JC1285 protein-tyrosine-phosphatase (EC 3.1.... 619 e=176
oi| 6981446 | ref |NP 036895.1 protein tyrogine phosphatase, r... s1l8 e-176
il 2095414 | pdb| 1¥FO| A Chain A, Receptor Protein Tyrosine Ph... 61k 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... & - e-172
il 453922 | ol | AALITO90. 1] protein tyrosine phosphatase alpha 599 e-170

T —

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

Copyright 2008 ©

Issue of Chance Association:

A Twist in the Tale

13



Law of Large Numbers

e Supposeyou areina
room with 365 other
people

* Q: What is the prob that
a specific person in the
room has the same
birthday as you?

* A:1/365=0.3%

Invited keynote at SIGIR2008

EBANUS
-i-nn--u

e EnT

 Q: What is the prob that
there is a person in the
room having the same
birthday as you?

o A:1-(364/365)%°=63%

 Q: What is the prob that
there are two persons
in the room having the
same birthday?

 A:100%

Copyright 2008 © Limsoon Wong

NS

Interpretation of P-value ——

e Seq. comparison
progs, e.g. BLAST,
often associate a P-
value to each hit

» P-valueis interpreted
as prob that arandom
seq has an equally
good alignment

Note:P=1-¢-E

Invited keynote at SIGIR2008

28

e Suppose the P-value
of an alignment is 106

« If database has 107
seqs, then you expect
107 *10-5=10seqgs in
it that give an equally
good alignment

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

Copyright 2008 © Limsoon Wong
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EINUS
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

Invited keynote at SIGIR2008 29 Copyright 2008 © Limsoon Wong

e
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Effect of Seq Compositional Bias~ =

* One fourth of all residues in protein segs 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

Source: NCBI

Invited keynote at SIGIR2008 30 Copyright 2008 © Limsoon Wong
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Effect of Sequence Length -

E‘lé

U-sets

sequence identity (I), %

HSSP(+3%)
40

Abagyan RA, Batalov S. Do

|
200

Invited keynote at SIGIR2008

e P-value and E-value

e Compositionally biased
regions

e Length, conserved site,
transitive assignment, and
other caveats

Invited keynote at SIGIR2008

sequence length (L) Oct 17;273(1):355-68

Parallels

aligned sequences share the
300 same fold? J Mol Biol. 1997

Copyright 2008 © Limsoon Wong

¢ Ranking measures?
— Different concepts

— Not necessarily same
effect

e Stop words?

. 277

32 Copyright 2008 © Limsoon Wong
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Novel Forms of
Associations

EBANUS
Important Unsolved Challenge --“’"--“""

* What if there is no useful seq homolog?
* 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
— Similarity of protein-protein interaction partners

v Fusion of multiple types of info

Invited keynote at SIGIR2008 Copyright 2008 © Limsoon Wong
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» A protein is not alone
when performing its
biological function

= Gene (and hence
proteins) with e D
identical patterns of Lo s
occurrence across ERRES [ —
phylatend to function | | ! [
together S -

Invited keynote at SIGIR2008

Phylogenetic Profiling: Evidence E—«-_"_é

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?

Invited keynote at SIGIR2008 36 Copyright 2008 © Limsoon Wong
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Differences
of “unknown”
to other fruits
are same as

“apple” to
other fruits

“unknown” is
an “apple”!

Guilt by Association of Dissimilaritie

U2

-
e : ~‘
% L

‘mnge]

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
Shape = round vs round

Color =red vs yellow
Skin = smooth vs smooth
Size = small vs small
Shape =round vs oblong

Invited keynote at SIGIR2008

Training
Data

S1
S2
S3

Testing
Data

T1
T2
T3

Copyright 2008 © Limsoon Wong

NS

SVM-Pairwise Framework

Training Features

Feature S1 52 S, S t Vect
Generation S, fi i fig . Training Upﬁgchisi ors
Sy fou frn fr (Radial Basis
Function Kernel)

f3; is the local
alignment score
between S; and S,

Feature
Generation

f4, is the local
alignment score
between T;and S,

Invited keynote at SIGIR2008

)S'fm fo fo o

Testing Features
S, S; S
Tl fll f12 fli!
T2 f21 f22 f23
T3 f31 f32 f33

38

Classification

!

Trained SVM Model

(Feature Weights)

i

RBF
Kernel

i

Discriminant
Scores

Image credit: Kenny Chua

Copyright 2008 © Limsoon Wong
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ERANUS
Performance of SVM-Pairwise ""‘""‘"‘"’

SVM-pairwise ———
SVM-Fisher --—=-—

a
(&
=
far]
E
2
@
(=N
=
a
=
2 30
o>
=
o
R
= Y
o 10 | 1‘
= 2, et g
= . S
5 . , P e e
8] 02 0.4 0.6

ROC
e ROC: The area under the curve derived from
plotting true positives as a function of false

positives for various thresholds
Invited keynote at SIGIR2008 Copyright 2008 © Limsoon Wong

Parallels
e Guilt by association of e Two “things” are
genome phylogenetic “equivalent”
profile — If they occur in same
documents

— If they are mutually
exclusive in documents
they occur in?

¢ |Is this a new association

e Guilt by association of .
concept in IR?

dissimilarities

Invited keynote at SIGIR2008 40 Copyright 2008 © Limsoon Wong
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Fusion of
Multiple Evidence of
Association

Coverage of Data Sources =

e >90% of known
protein annotations
are suggested from at
least one data source

* A large percentage
(80%) of known
protein annotations
are suggested by 3 or
more data sources

Invited keynote at SIGIR2008

Data Sources Coverage
(Biological Process)

W
o

N
o

o

Percentage of
Annotations
e )
o o

o u
L L

0o 1 2 3 4 5 6 7

Number of Data Sources

% of known annotations suggested by
different number of data sources

Copyright 2008 © Limsoon Wong
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Confidence of Overlapping Evident

¢ PrOteln annOtatlons Precision of Annotations
Suggested by more (Biological Process)
data sources are more
likely to be correct

© o 9o
> o o »

Annotations

o
N

* Protein annotations

Precision of Suggested

0 4
suggested by 4 or 01 . s 4 s 6
more data sources are Number of Data Sources
correct > 60% of the Fraction of annotations suggested from
time different number of datasources that are
correct

Invited keynote at SIGIR2008 Copyright 2008 © Limsoon Wong

|
ENUS
Difficulties w/ Information Fusion~" ==

o Differences in nature

— E.g., sequence homology vs PPI are very different
relationships

» Differences in reliability

— E.g., noisy datasets such as Y2H PPI and gene
expression

» Differences in scoring metrices

— E.qg., E-Score from BLAST vs Pearson correlation
between expression profiles

Invited keynote at SIGIR2008 44 Copyright 2008 © Limsoon Wong
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Integrated Weighted Averaging — Stei

e Model a data source as
undirected graph G =(V,E)

CDC34 CLN2

— V is a set of vertices;
each vertex reps a

cDC4
. MET30
protein

_ CDC53
— E is a set of edges; each

edge (u, v) reps a

relationship (e.g. seq
similarity, interaction)
betw proteins u and v

Invited keynote at SIGIR2008 Copyright 2008 © Limsoon Wong

Integrated Weighted Averaging — Ste

 Combine graphs from

different data sources

to form a larger graph
—

s

Invited keynote at SIGIR2008 46 Copyright 2008 © Limsoon Wong




Integrated Weighted Averaging — Stg%’ ="

» Estimate edge * Predict function by
confidence from observing which
contributing data functions occur
sources frequently in high-

confidence neighbours
=1- 1-plk, f
Y YAORMY
/—\\ Sf(u): 1+ Zuvf

2 veN,

{Fa Fo}

{FB’ FC {FA’ FB}

Invited keynote at SIGIR2008 Copyright 2008 © Limsoon Wong

gt nllearig

Associations from Multiple Data Soureé

PFAM (15,220)

(12,967)

~

10819

PUBMED (61,786)

Copyright 2008 © Limsoon Wong
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Precision vs Recall

EANUS
@ [ T —

5 3 Combining all data
Q0
2 0. <
£ 04 framo o X sources outperforms

.3 | o PFAM -

0.2 | -PusmED '-_ + - - -

o2 Jroerau b ) any individual data

04 + ALL SOURCES . . .
0 02 0.4 0.6 08 1 source
Molecular Function ™
Precision vs Recall Precision vs Recall
Lo o Pra

gg ] S +ﬂ++ﬂ+ ;:ﬁgﬂu

: A "= 7% oy A BLAST_SGD

0.7 o o8 --. +++ + ALL SOURCES -
8 06 ML S i 5 +
5 05 a - 2 +
§ 04 o && +++ § 04t rs ° EED R

0.3 Ah - ++ 0.3 o PFAM oL - +

0.2 Aq A 02 AL &% "

5 I SN o1 [

0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
Biological Process " Cellular Component™®
Parallels

e Given a protein, determine
its function via “guilt by
association of multiple
evidence types”

— Sensitivity is improved
— Precision is improved

Invited keynote at SIGIR2008

e Given adocument,
determine the “thing” it
talks about by multimodal
IR

— The more media types
talking about the same
“thing” that this document
talks about, the higher
chance to determine
accurately what this
“thing” is

e Is this anew problem
concept for multimodal
IR?

50 Copyright 2008 © Limsoon Wong
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Dichotomy of knowing two entities are in
some relationship and yet not knowing what
that relationship is

Good Source for Evidence of “Guil

* |WA and other methods perform better when

— Graph has fewer nodes with no annotated
neighbours

— Unannotated nodes in graph are connected to a
greater number of annotated nodes

= A data source that is able to contribute a large #
of association edges connecting to annotated
proteins should provide the greatest gain in
prediction accuracy

Copyright 2008 © Limsoon Wong
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Gabow et al, BMC Bioinformatics, 9:198, 2008 Source Yeast MIPS B & NUS
@ bl Uiy
Annotation Terms 85
Percentage Unknown Nodes PRI 23
GENETIC 14 But only 2% of nodes
couTt 2 H i
Percentage Connected to = | Unknown PPI 31 derived from Medline
GENETIC 14 are unannotated
cout 4
Percentage Only Surrounded by Unknowns PPl 4
GENETIC 0.9
cout 0.08
Percent Edges Connecting Nodes Sharing Function PRI 37 And more
GENETIC 48 disturbingly...
couTt 80

<o PP =
OPPI + Pubmed

1

+Pubmed
0381 %9 %
06 &%%

So Medline
abstracts seem

Precision
o
FLS

géo

like a good
02] o sogrc_e of
0% " 52 o4 o8 o8 association info
Recall

~ Copyright 2008 © Limsoon Wong
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INUS
A Dichotomy &=

» 80% of protein pairs
that co-occurred in 1 o PPl

. o PPl + Pubmed | |
“enough” Medline DS*% +Pubmed
abstracts have 1 . m;;tht%{hu
. . & 061 5
function in common ¢ &
& 04 %%) q:thnqj
+°¢.
- 02] 2,
* Yet precision-recall . o Dy
curve is far below that 0 02 04 06 08
expectation! Recall

Invited keynote at SIGIR2008

Copyright 2008 © Limsoon Wong




1600

1400 -

1000

Abstract Number

Invited

1200 -

Co-occurrence at too coarse a leve

Abstract Number vs Ratio of Correct Edges

| | ®>10proteins

09-10 proteins
07-8 proteins

T-1 ®5-6 proteins

@2-4 proteins

01 02 03 04 05 06 07 08 09 1

Ratio of correct edges

Half of the abstracts has less than
50% of their co-mentioned protein
pairs sharing some function

keynote at SIGIR2008

Dichotomy Remains

* Nearly all sentences
have all their co-
mentioned protein
pairs sharing some
function

* Yet the precision-
recall curve is far
below expectation!

Invited keynote at SIGIR2008

Sentence Number

Precision

100000

90000 +— ®>10 proteins

80000 +— O9-10 proteins m
70000 +— O7-8 proteins —
60000 +— ®5-6 proteins —
50000 +—| ©2-4 proteins —
40000 m
30000 —
20000 —
10000 —

0 , : =

Sentence Number vs Ratio of Correct edges

01 02 03 04 05 06 07 08 09 1
Ratio of correct edges

Nearly all sentences have all their
co-mentioned protein pairs
sharing some function
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Precision vs Recall (Biological Process)
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Dichotomy Explained?

* An edgein the graph simply means an
association between two proteins

= The two proteins have a function in common

» But each protein may have several functions

* Don’t know which one is the function they have in
common

Parallel in IR: We know two documents are related, but we don’t
know what that relationship is
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01(250)
METABOLISM |

Shades Of 01.01 (100 ' " 01.02(120)
| amirio acid mefabolem | | ritrogen and sulfur metabolism |
Meanings

of metabolism of urea cycle

[ 01.01.03 (35} ) | ) 01.01.05 (65)
of the glutamate émup creatine and polyamines

01.01.03.01(12) | [ oto103.02(15
metabolism of glutamine metabolism of glutamate

01.01.03.01.01(6) | | 01.01.03.01.01(3) |
blosynthesis of degradation of
glutamine | glutaming

e GO Functional Annotation
— Hierarchical

— 3 Namespaces (molecular function, biological
process, cellular component)
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“Guilt by Association” as a Search Principt

 Founded on abduction ¢ |ssue of Chance
based on invariants of Association
biology & physics

e Dichotomy of knowing two

e Many forms of entities are in some
associations relationship and yet not
— Sequence knowing what that

— Phylogenetic profile relationship is

— Dissimilarities _
e Shades of meanings

e Fusion of Multiple
Evidence of Association
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