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Outline

» Background of COG (Clusters of
Orthologous Groups ) database

» COG-based gene set enrichment analysis

» COG Analysis Ontology (CAO)

» OntoCOG, the semantic web application for
COG enrichment analysis



Ortholog & COG database

» ortholog : Orthologs are » COG database:

?ﬁ;‘teﬁ;{)ed'ef\t%{\?gg ?crp()egeas 1) collections of orthologs

common ancestral gene by 2) clusters orthologs to
speciation. Orthologs functional groups.

usually share the same » Entry in COG has COG ID,
functions in the course of: or may have a functional
evolution. ’ category aSS|gnment

S NeBi
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COG vs. GO

» Same: Classified categories with gene product assigned,
provide gene function annotation and classification.

» Different:
Categories
Species:
GO: model animals; COG: 66 genomes.
(COG covers more bacteria.)

Only Schizosaccharomyces pomnbe (fission yeast), Saccharomyces
cerevisiae (baker's yeast) and E. co/i, have both COG and GO
annotations.

In Brucella, only one gene BMEIO467 in B. melitensis has been
annotated both in GO and COG.

GO:0042803 : protein homodimerization activity

COG0408: Coproporphyrinogen III oxidase (Coenzyme transport and
metabolism H



http://amigo.berkeleybop.org/cgi-bin/amigo/term_details?term=GO:0042803&session_id=5349amigo1309444349&

Contingency table

COG enrichment analysis

Given | Not given | Total
list list
catA ] m-q M
Not K-g -m-(k-q) | t=m
catA
total K -k T

Given a list of k COG annotated proteins

with a total of t proteins, for a given COG category A,
there are g proteins within k and m proteins within t

associated with it.
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Fisher’s Exact Test

COG enrichment analysis is to
find out the statistical
significance of the
distribution of the data,
particularly, the p-value to
test whether COG category
catA annotated protein g is
enriched (unevenly
distributed) among the given
protein list £ 5



A lot of GO enrichment analysis
services are available, but not the
COG enrichment analysis service
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Design of OntoCOG

OntoCOG : a Semantic Web service application for COG enrichment analysis.

fInput data: a Output data: h
list of protein plaintxtfile  poF data i proteins
defined by i ; grouped by
user for COG i User defined ‘ i COG category
enrichment , et with a p-value

K analysis

in OWL

CAO (COG =

Analysis

i \
OntOk)QY) E ¢ \\ COG enrichment
Supported i @ analysis

gl N PR

-----------------------------------------------------------------------------------

backend
RDMS repository
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COG Analysis Ontology (CAO)

» Scope
1) ontology-based software/service design;
2) supporting data integration and
exchange in OWL format.

» Domain
statistical analysis
protein’s COG annotation



Fisher’s exact .
. O Fisher's exact test
test analysis
1

has_part

O COG enrichment data
transformation using
Fisher's exact test

has_specified_output

Design of CAO

O COG category clustered
protein, user defined

7y
is_a

|

O COG category E clustered
protein, user defined

+ \

is about .
has_member  is_member_of

O COG enrichment
Fisher's test p-value

© COG category E clustered

A?pealed_mp vt has_specified_input
o user defined protein

list clustered by COG

protein group, user defined

) o user defined protein _
-a list clustered by COG is_about jx

© background data set
clustered by COG
category category category E
is_a has_specified_output
p 7 D

| __denoted_by N

Ve

—denoted_by | o COG Functional Category

7y

is_a

© Amino acid transport and
metabolism

%;has_size m sample size
Minimum info
of output data

o user defined COG
annotated protein list

data
transformatio
[

is_a

o user defined data set
for COG enrichment

analysis

O COG mapping data

transformation
<«—— objective properties

( ) C) SPAN:process
C) independent continuant

«—B-9— o yser defined gene list

is_specific_input_of
|

0—— datatype properties @ (|assterm
m dataProtperty term

() generically dependent continuant

CAOQ includes models for major components of the OntoCOG application: input data transformation, Fisher’s
exact test analysis, and minimum information of output data. Terms in yellow, light purple, and green

boxes denote processes, generically dependent continuants, and independent continuants, respectively.




COG Analysis Ontology (CAO) :

Core Terms

+ ity IR e s T
" symbol — o~ ‘prot atabase
/ identifier
+ . . =
) generically_dep . +Q 'information
endent_continua... content enti —
- Igz.database
“~ e
A w A S :
0 'dataitem’
-
+ : y & o
' material_entity | 40 'molecular = s
=il e ntity ,_ . @potein. —— . 2 N
T :
T (P s AT
object_aggregat p = | SRONE
® obj —_—
e f\'@‘-‘p&vw
e twmt'm
) 'class discovery e i trans: ;mg‘é’ﬁ@;
C 2 - — datatransforma... e
e plannec.! [ 1 'data - ==
process trans formation e -
= e

3 ) 'statistical

hypathesis test... - @ 'Fisher's exact -

test




Information captured by CAO

» The given list

» The proteins grouped by COG
categories

» The size of each category in the
given list *

» The p-value of each category in the
given list *
It captures more information than

traditional COG enrichment analysis
(non-SW technology supported)

10000000000004 1E
02212 52731423 ‘1 ;11

59 3"
K 3.253¢ 5122’-1’-191E U’-'r 2*
B: U1E2E 56082050577, 1
CQr 0.2311798055917 91 2

The traditional output of
COG enrichment
awaLgs’Ls.

Format:

category: p-value; size;
(* denotes p-value <
0.05 significant)



New relations in CAO

» denoted_Dby

describes a relation of an independent entity and a data
item
an independent entity “denoted_by" a data item

Not a reverse relation of “denotes”

» IS_member_of
has_member
Reverse relations
Describes relation of object and object aggregate
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Axioms In CAO

» COG category clustered protein, user aefined =
user aefined protelin and (denoted_by some COG
Functional category,)

» COG category E clustered protein, user aefined =
COG category protein and (aenoted_by min 1 COG
Amino acid transport and metabolisim,)

» COG category E clustered protein group, user
defined = protein group. and (has_member only.
COG category E protein)
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Validation of CAO

File Edit Ontologies Reasoner Toaols Refactor Tabs View Window Help

< | = I@ cao (http: ffpurl obalibrary  obo/cao, owl)

Active Ontologyl Entities | 4 ¢ Explanation for protein17987454 Type 'COG category E clustered protein, user defined’

Class hisrarehy | Class hisrard | “¥17M

[ ©'Amine¢ acid transport and metabolism' SubClassOf metabolism
% | - | B |

_jett_par‘t
tular entity' ©'COG category clustered protein, user defined' EquivalentTo 'user defined protein' and {denoted_by
some 'COG Functional category)

©'COG category E clustered protein, user defined' EquivalentTo 'COG category clustered protein, user
defined’ and (denoted_by min 1 'Amineo acid transport and metabolism')

nhetic material'

tein # E Type 'Amino acid transpeort and metabolism'
user defined proteil
B'COG category clu) o
—E'COG category = —— W™~
©'COG category B clustered protein, user defined'
-E'COG category C clustered protein, user defined'
~E'COG category D clustered protein, user defined'

& = 'COG category E clustered protein, user defined

¥ PrOTENTT 987207
# protein17987216
# protein17987453

protein17987454 Types

Object property assertions

~E'COG category F clustered protein, user defined'
~E'COG category G clustered protein, user defined'
~E'COG category H clustered protein, user defined'
~E'COG category | clustered protein, user defined
~E'COG category J clustered protein, user defined'
-E'COG category K clustered protein, user defined'
~E'COG category L clustered protein, user defined'
~E'COG category M clustered protein, user defined'
~E'COG category N clustered protein, user defined'
~E&'COG category O clustered protein, user defined' —
~E'COG category P clustered protein, user defined'
- E@'COG category Q clustered protein, user defined'
-E'COG category R clustered protein, user defined'
~E@'COG category S clustered protein, user defined'
~E'COG category T clustered protein, user defined'

# protein17987872
# protein17988696
# protein17988741
# protein17989399
# protein17989478

@'user defined
protein’

user |1Hﬂru:|_1'

S material_entity
Same individuals

Different individuals

Wdenoted by E
mdenoted_by E

Data property assertions

Negative object property assertions

Negative data property assertions

~E'COG category U clustered proteln user deflned'l_l

Reasoner state out of sync with active ontology [ Show Inferences
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Summaries on CAO

» An ontology to represent COG enrichment
analysis

» An ontology to represent the COG
enrichment analysis service : OntoCOG

» It is a use case of IAO (Information Artifact
Ontology) and OBI (Ontology for Biomedical
Investigation)

» It supports OntoCOG.




(1) Select one species

Brucella melitensis

OntoCOG

http://ontobat. hearoUp.ord/oRtecod/iIndex.php

OntoCOG

[=]

{2) Input protein Gls: Example 1, Example 2 (Protein Virulence factor)

175986368
17587110
17586800
17586800
17587216
175881e8
17587771
175873858

Get OWL (RDF/XWIL) Output File

University of Michigan Medical School
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http://ontobat.hegroup.org/ontocog/index.php

OntoCOG analysis of Brucella

virulence factors

Download CAQ ontology.

OntoCOG Query Result

<owl:NamedIndividual rdf:about="&obo:CRC cog group N">
<rdf:type rdf:rescurce='&cbn:CAO_DDDD313'!}
<rdfs:label>N clustered protein group, user defined</rdfs:label>
<cbo:CAG 0000051 rdf:datatype='&xsd;int')ﬁi/cbn:CﬁO_ODDDDSl}
<cbo:CAG 0000052 rdf:rescurce='&cbn;ChO_prntein_1?988379'!}
<obo:CAG 0000052 rdf:resnurce='&gbﬂ;CAO_prntein_l?BSSElD'!}
<obo:CAG 0000052 rdf:resnurce='&gbﬂ;CAO_prntein_l?BSSﬂB&'!}
<cbo:CRO 0000052 rdf:resnurce='&gbﬂ;CﬁO_prntein_l?BBB&Bﬁ'!}
<obo:CRO 0000052 rdf:resnurce='&nbn;CAO_prntein_l?BBB&EB'!}
<obo:CRO 0000052 rdf:resnurce='&nbn;CAO_prntein_17988503'!}
<obo:CRO 0000052 rdf:resnurce='&nbn;ChO_prntein_l?BBBﬂBS'!}
<obo:CRO 0000052 rdf:resnurce='&nbn;ChO_prntein_l?BBGSGg'!}
<obo:CRO 0000117 rdf:resnurce='&nbn;CAO_fisher_test_p_value_ﬂ'/}
</owl :NamedIndividual> |

<owl:NamedIndividual rdf:about="&obo;CA0 fisher test p value N">
<rdf:type rdf:Iesmurce="aﬂhu;CRG_GF"?GQG"I}_ - B
<rdf=s:1abel>0.0113452455156726</rdfs:1abel>

</owl :HamedIndividual>

References Contact | Acknowledge
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Result

<€, cao_output {htlp:ﬂpurl.oholibrary.orﬂobm’can_uutput.mﬂ) - [C:\Users\asiyah\D(xummMontdt_)ﬂiﬁ\hﬁtZ_OntoCOGml]
E— - - - e ——

File Edit View Reasoner Tools Refactor Window Help

<A | L 4 | I@ cao_output (http:/fpurl.obolibrary. org/obo/cac_output.owl)

Active Ontology | Entities | Classes | Object Properties | Data Properties  Individuals I OWLViz | DL Query | OntoGraf |

Class hiaamhy' Class hisrarchy (infemed) | Members list| Members st (infered) | Annotatinn5| Usage |

Class hierarchy: 'COG category N dustered protein group, user defirIEEE Members list: 'N dustered protein group, user de IEEE Annotations: ‘N dustered protein group, user defined'
f; | .=+ |I H | ‘ |' x | I.ﬁ.nnotations

L :I 'N clustered protein group, user def

- @object_aggregate P group.

=@ 'protein group, user defined’

-~ @'COG category A clustered pt
-~ @'COG category B clustered pi ='COG "=has_member protein_gi_17988498
~8'COG category C clustered pi category N m=has_member protein_gi 17986369

-~ @'COG category D clustered pi clustered —
-©'COG category E clustered pi protein ®has_member protein_gi_17988494
- @'COG category F clustered pi group, ®denoted_by 0.0113452455156726

- E'COG category G clustered p user mhas_member protein_gi_17989429

~©'COG category H clustered pi - mshas_member protein_gi 17988379
~@'COG category | clustered pre Same individuals

- B'COG category J clustered pr ®has_member protein_gi_17988503
-~ &'COG category K clustered pt Different individuals mhas_member protein_gi_17988510

~©'COG category L clustered pr mshas_member protein_gi 17988495
- @'COG category M clustered p

-~ @'COG category O clustered p
-~ @'COG category P clustered pi
- @'COG category Q clustered p
e'COG category R clustered pl Megative object property assertions
- @'COG category S clustered pr—
~BE'COG ca[egow T clustered pt Megative data propery assertions
- E'COG category U clustered pt
-~ @'COG category V clustered pi

~@'COG category W clustered p ~
3

Description: 'N dustered [IIEEE ro ons: ‘N dustered protein group, user defined'

Object property assertions

Data property assertions

"'has size' "8""*int

To use the reasoner dick Reasoner->Start Reasoner v Show Inferences




Final Conclusion

» OntoCOG provide a platform independent
server for COG enrichment analysis

» CAO ontology supports the design and
workflow of OntoCOG.

» OntoCOG is the first semantic web
application used for such purpose.

» Future work: interface developing; expand
to other statistical analysis; output data
visualization.
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