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" A
Tools for biological data analysis

Hierarchical microarray clustering
(J-Express Pro) Classification of abstracts

GoPubMed

Ontology-based literature search,

“# levamisole inhibitor [100/135]
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=50 Gene Cntology [57]

: . . - -
=5 molecular_function [51]

—
~ G0 catalytic activity [89]

- - . . - -
EE signal transducer activity [14]
~G0lhinding [29]

- . . . . -

"Ee antioxidant activity [2]

"Ee enzyme regulator activity [15]
G0l transporter activity [17]

3 cellular_component [45]
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" A
Tools for biological data analysis

m Other applications of grouping
structuring search results
data cleaning
data integration
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Similarity of biological data

Similarity between data entries
Lord PW, Stevens RD, Brass A, Goble CA.

Sequence ali gnment (B LAST) Bioinformatics, 19(10):1275-83, 2003.
Molecular Function
Distribution of 41 Blast Hits on the Query Sequence OPSG_HUMAN | Green-sensitive opsin (Green cone photoreceptor
Mouse-ogver to show defline and scores. Click to show alignments pigment).
Golor Key for Alignment Scores OPN4 HUMAN | Opsin 4 (Melanopsin).
- OPSB_HUMAN | Blue-sensitive opsin (Blue cone photoreceptor
L —— pigment).
i} 100 200 300 400 500 &00

5SH6 HUMAN S-hydroxytryptamine 6 receptor (Serotonin re-

ceptor)
A1AA HUMAN | Alpha-1A adrenergic receptor (Alpha 1A-
adrenoceptor)

AlAB HUMAN | Alpha-1B adrenergic receptor (Alpha 1B-

adrenoceptor).

Searching with OPSR. HUMAN

isa receptor-associated protein

(00016962 p=0.00159

transmembrane receptor
GO0004888 p=0.0007

receptor
GO:0004872 p=0.124

signal transducer
GO:0004871 p =0.208

photoreozptor
GO:0000881 p=0.000433

isa

mBasic task — computation of a
similarity value between objects

receptor signaling protein
GO:0003057 p=0.0281

malecular function
GOD0036Td p=1

chaperone
GO:0003754 p=0.0102
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"
Similarity-based grouping

m Similarity-based grouping for biological data
needed
m Not a trivial task
influence of a number of aspects
data is complex

variety of grouping algorithms is available: which
method performs best for which grouping task

existing grouping algorithms may not be applied
straightforward
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"
Similarity-based grouping

m Environments that support comparison
and evaluation of different grouping
strategies are needed
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Method for similarity-based grouping
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ZiEGA

m A toolKit for Evaluating Grouping Algorithms
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" A
Test cases

m Grouping task. Grouping of proteins with
respect to

biological function
class of isozymes they belong to

m Data source

human proteins involved in glycolysis
via Entrez retrieved 190 data entries
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Test cases. Data entry

LOCTS NE 000275 390 aa linear FREI 16-APE-2006

[DTF'WZ?ZGW pyruvate dehydrogenase ([(lipoamide) alpha [Homo =sapiens] . ]

ACCESSICH NE Q000275

VERSTON NP 000275.1 GI:4505685

DESOUECE REFSEQ: accession HM 000Z2E84.1

= EYWORDS .

S0OUER Homo =sapiens [(human)

DRGANISH Homo =sapiens

Eukaryvota; Meta=zoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini:;
Catarrhini; Hominidae; Homo.

EEFEREHNH 1 ([residue=s 1 to 390)

—

2 L .L1lnd,

JOURNAL
PUBMED
REMARK

Hiroma=za,¥Y., Fujizawa,T., A=o,¥. and ERoche,T.E.

Drganization of the cores of the mammalian pyruvate dehydrogenase
comnplex formed by EZ2 and EZ2 plus the E3-binding protein and their
capacities to bind the E1 and E3 components

J. Biocl. Chem. 279 (8), 6521-6333 (2004)

model of the pyruvate dehvdrogenase complex formed by EZ
and EZ2 pluz the E3-binding protein and binding of the E1 and E3

components

Entrez. Protein database
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"
Test cases. Data entry

COMMENT

PROVISIONAI. REFSEQ: This record has not yet been subject to final
NCEL review. The reference =seqguence was derived from L1331E8.1.

Summary: The pyruvate dehydrogenase complex iz a nuclear-encoded
mitochondrial matrix multienzyme complex that provides the primary
link between glvcolysiz and the tricarboxwylic acid (ICA) cwvcle by
catalyzing the irreversible conver=zion of pyruvate into acetyl-Cob.
The PDH complex is composed of multiple copies of 3 enzyvmes: E

Protein

V. Jakoniené, D.

(PDHAL) ; dihydrolipoyl transacetylase (DLAT; MIM 60877

2.3.1.12); and dihyvdrolipovl dehydrogenase (DLD; MIM 2
EC 1.82.1.4). The El1 enzyme iz a heterotetramer of 2 al

-

a
beta subunits. The El-alpha subunit contains the El1 ac
plavs a key role in the function of the PDH complex |
1994) . [supplied by OMIM].

Location/{ualifiers

1..350

Jorganism="Homo sapiens"

fdb xref="taxon:360&6"

Sehromosome="3X"

1..350

fproduct="pyruvate dehydrogenase (lipoamide) alpha 1"
[..-'Ei number="1.2.4.1" |

Jnote="pyruvate dehydrogenase alpha subunit; pyruvate

—

dehydrogenase E1 alpha subunit”
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" A
Test cases. Data entry

cD5 1..320
Jgene="PDHAI"™
Jooded by="NM 000284.1:106..1278"
CBCDann //’;g:_c:mp:nent=”m;tcctcndr;:: [pmid 3034892]" \\
/go_ Tunction="gxidoreductase activity; oxidoreductase
activity, acting on the aldehvde or oxXo group of donors,
disulfide as acceptor; pyvruvate dehvdrogenase
[acetvl-transferring) activity™
/go process="acetyl-Col metabolism; glycolysis;
\\>metabc;;3m” //
Jdb xref="GenelID:5160"
fdb Xref="HGNC:E8E806"
/db xref="HPRD:02420"
Sequence /db xref="MIM:300502"
/ORIGIF N\
1 mrkmlaavsr vl=sgasqgkpa srvlvasrnf andatfeikk cdlhrleegp pvttvltred
6l glkyvrmmdgt wvrrmelkadg lvkgkiirgf chlcocdggeac ocvgleaginp tdhlitayra
121 hgftftrgls vreilaeltg rkggcakgkg gsmhmyaknf yvggngivgag vplgagiala
181 ckvngkdewvc ltlyvgdgean gggifeaymm azlwklpcif icennrygmg tasveraaast
241 dyvkrgdfip glrvdgmdil cvreatrfaa avcocrasgkgpi lmelgtvrvh ghasmsdpgvs
301 yrtreeigev raksdpimll kdrmvnsnla sveelkeidv evrkeiedaa gfatadpepp
\\» 361l leelgyhivs =sdppfevrga ngwikfkswvs <//
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" A
Test cases. Data sources and mappings

- only terms of GO function ontology analyzed
- only data entries having GO terms

DS1: GO 67 data entries

ann?

GO Consortium. Mappings between data values and ontological terms:
ec2go — ec_numbers translated into GO terms
spkw?2go — swissprot keywords translated into GO terms

DS2:
Keywords Spkw2go
Ec_number eczgo GO, mp, 93 data entries
Goann >
DS3: = ] ec2go
number -
S-NHAMDE GO, mp, 92 data entries
GO >

ann
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" A
Test cases. Other components

Domain independent Domain dependent| | Grouping
sim. funct. sim. funct. attributes
— S Toua
. . . . pecification of
i Dat
m Library of similarity T grouping rules
similarity funct.

functions v

Ed'tDlSt(V1 ’V2) Pairwisi grouping ‘
SeqSim(v1,v2) R -knowledge

Grouping

i

SemSim(v,,v,) :
"2 Evaluation I~ —
m Other knowledge |
v lassifications
GO ontology Analysis
m Classifications. V

Manual classification according to
biological function
classes of isozymes
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" A
Method. Specification of grouping rules

Specification of
grouping rules

Y
|Pairwise groupind

| Grouping |—>

Data source: | Glyc-Funct-AnnEc-onlyGO = (DS3) | Eva:Luation |
Grouping rule: | A”i"ySiS |
| SemSim(GOcomb)=0.95 |

Grouping method: Cunnectedlﬂumpﬂnentsj

~Evaluation method:
¥ Entropy
¥ Purity
¥ Mumallnformation
¥ Fllzasurs

Source of classes: |'3I'_,.fc-:|lysis: hyfuncticunj

next |
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" A Speciication of
Method. Pairwise grouping

Y
|Pairwise groupind

| Grouping |—>

| Evaluation |
v
| Analysis |
all pairs of o Y
data entries
compared o
@) | >
x © O
o
Grouping rule:
| SemSim(GOcomb)>0.95 =
Data source: | Glvc-Funct-AnnEc-onlyGO = (DS3)
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" Speciication o
Method. Grouping

Y
|Pairwise groupind

| Grouping |—>

| Evaluation |
data entries in a group © v
directly or transitively | Analysis |
similar to each other Y

(ConnectedComponents)

0 / ©
\

T

9©

o

9

et

all data entries in a group
similar to each other

(Cliques) ©

9©
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" Speciication o
Method. Grouping

Y
|Pairwise groupind

| Grouping |—>

| Evaluation |
Glve-Funct-AnnEc-onlyGO + SemSim(GOcomb)=0.95 + ConnectedComponents + Glvcolvsis: by function ¢
Analysis |
GroupNr|ClassNr I Definition GO combined - ‘L
0 i PE0174 :ﬂcaﬁhca.‘l:hataiacmaraaa (TIM) (Triose- 50:0004807
phosphate 1somerase). -
0 4 NP 000336  |triosephosphate 1somerase 1 [Homeo sapiens]. |go:0016333, go: 0004807
2 AAABD06S  phesphofructokmase. go:0003572
1 1 NP 001002021 ]11-'&; phosphofructokinase izoform a [Homo 20-0003872
- sapiens].
! o NP 002617 ].1.‘1-'&;’ phosphofructokinase isoform b [Homo 50-0003872
- sapiens].
. go:0003524, go:0016301,
1 2 NP 002618 f”.f:]”&”“mm“’ platelet [Homo £0:0000166, g0:0016740,
prens £0-0000287, 20:0003872
: g0:0005524, go:0016301,
1 2 NP 000230 Fﬁ".x];]”&”“tﬂm“’ muscle [Homo £0:0000166, g0:0016740,
pens £0:0000287, 20:0003872
6-phosphefructokinase, liver type
1 2 P17338 (Phosphofroctekinaze 1) go:0003872
{Phosphohexokinase) (Phosphofructe-1-kinas - |
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" J
Specification of

grouping rules

Method. Evaluation e
Y

| Grouping |—>

| Evaluation |

m [ypes of quality measures | Anilys.s |

internal — based on information obtained during the
grouping

external — with respect to known classes of the
grouped data

Number of entries: 92 Entropv: 1.0

Number of groups: 26 -~ Purity: 1.0

Number of classes: 25  Mutwallnformation: 0.8810530832230519
Fheasure: 0.9930613526570048
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"
Method. Analysis

Glve-Funct-AnnE c-onlvGO + SemSim(GOcomb)=0.95 + ConnectedComponents + Glycolvsis: by funcy

0(2) 2/0/0

1(14) 14/0/0
2A12) 12/0/0
N 7/0/0
48) 8/0
3(1) 1/0/4
6(2) 2/0/0
(L)
8(4) 4/0/0
96)
10(1)
11(4) 4/0/1

12(5) [5/0/0 _— =7

13(1) true positives
1441) false positives « -
o ‘s ]

1 l false negatives « s
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"
Method. Analysis

Glye-Funct-AnnEc-onlyGO + SemSim{GOcomb)=0.95 + ConnectedComponents + Glveolysis: by function

0 | 1@ | 24

3N | 4 | 59 | 6 | TM) | By | ) | 10 | 1=

02)

2/0/0

1(14) 14/0/0

2(12)

12/0/0

3D

7/0/0

4(8)

8/0

)

1/0/4

62) 2/0/0

)

3

a/0/0

9(6)

10(1)

11(4)

4/0/1 >

12(3) [5/0/0

13(1)

14413
4

group: 11(4) + class:10(3) + 4/0/1

pyruvate dehydrogenase complex, mitochond

IG-III]'NI ClassNr D Definition GO combined
sz Pyruvate dehydrogenase E1 component alpha subumit, somatic _
11 10 P08559 R A Tatia] g A EDEE I, go: 0004739
1 10 [NP 000275 |pynwate delpdrogenase (lipoamide) alpha 1 [Homo sapiens]. gﬂf$:$= i2Elllites
Pyruvate dehydrogenase E1 component beta subumit, _
11 10 P11177 mitochondrial precursor (PDHEL-B). go: 0004738
Pyruvate dehydrogenase E1 component alpha subumit, testis- _
11 10 P29303 e go: 0004738
5 10 PLOSLS Dihydrolipovilysine-residue acetvliransferaze component of £0:0004742
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" J
Method. Analysis

. # of #of % of . )
ID DataSource Rule GrMethod Classif \ Entropy Purity Mutvallnformation FAleazure
entries groups classes
SemSim .
. |Glye-Funct- ' ' Glyeolysiz: | i - -
| i (GOann)  |ConnsctzdComponents| . - 67 26 2 0 0 0.0 00720626631 |0.074630536740100
Ann-only GO M. by function
vl
Glye-Funct-  |SemSim Glveolisis:
2 [AnnSwe- (GOcomb) |ConnectedComponents| . 7~ 73 23 24 0.86352634637823463 |08 0.794230560241 7633 10,701 789314189514
- by function
onlyGO =0.95 -
Glye-Funct-  |SemSim .
N . . . Glyeolysis: | . s . R ) P
3 [AnnEe- (GOcomb) |ConnectedComponents(, - - a2 26 23 ) 0 0 3810530832230523 (090306135265 70048
by function
only GO =0.03 -
Glye-Funct-  |SemSim Glveolisis:
4 (AnnFe- (GOcomb) [Co zdCompo Y D A 21 23 0.77733606 0.6936321739130435|0.6824607300357831 0.7074322074655634
A . (G-[:lﬂﬁmb" Eﬁmx[:d[’ﬁm n i A - - 2 2 25 558 ﬁs 05852 N ﬁs-‘ A 5 N S"\ 272 B558
. by function
only GO =0.83 -
Glye-Funct-  |SemSim .
I i . A Glyeolysis: | . s . R U P
5 |AnnEe- (GOcomb) |Cliques b function |7~ 20 23 I 0 (0.8830403368321302|0.8302424467100822
only GO =0.03 -
Glye-Funct- T .
- g reolsreis:
§ |AnnEe- SeqSim(seq) | nectedComponents[ 00T oo ;1 [as 0 0 0.8231661542253041 |0.8046256946714613
=083 by function
only GO -
Glye-Funct-  |SemSim Glveolisis:
7 |AnnEe- (GOcomb) |ConnsctzdComponents| - - (42 26 47 0.7921820789964245 |0.5869363217391305|0. 7069682196233 367 |0.64847044323 58802
: 120ZVimes
only GO >0.93 T
Glye-Funct- BeqSim(seq) | . . Glyeolysis: | . - I (R (AR S
3 |AnnEe- .95 ConnectedComponents s 02 41 47 092560 790052000901 (0.8479260869363217(0.8848 1 10696236723 |0.83808 73095606001 1
v.ald = 2 {ee
only GO -

m Studied aspects, e.g. use of different data sources,
grouping algorithms, and classifications, grouping on
different attributes, impact of threshold
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" A
Test cases. Observations

m Best suited grouping approaches. For data
source Glyc-Funct-AnnEc-onlyGO (DS3)
SemSim(GOcomb) for grouping on biological function
SeqSim(Sequence) for grouping on classes of isozymes

m Suitability of mappings for the used grouping
approches
spkw2go — too general, e.g. 'Glycolysis’
ec2go — specific enough, e.g. '6-phosphofructokinase activity’
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Summary and future work

m Motivated need for environments that support the
development and evaluation of similarity-based grouping
procedures

m Proposed a method that identifies the main components
and steps that are importan for such environments.

m lllustrated the grouping method by test cases based on
different strategies and classifications

m Extend the Kitega implementation
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