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Introduction - What is the c-Mantic Plugin?

c-Mantic (“seMantic”) is a Cytoscape plug-in that uses Semantic Web technologies to
support the analysis of linked data networks.

The c-Mantic plug-in is useful for analyzing OWL/RDF data as Cytoscape networks. The
OWL/RDF data can come from remote knowledgebases (SPARQL endpoints), imported from
OWL/RDF data files, or from transforming the data in any Cytoscape network.

The work is part of the Virtual Liver (v-Liver™) project at the National Center for
Computational Toxicology in the US Environmental Protection Agency (EPA). Visit
http://www.epa.gov/ncct/v-liver/ for more information. The c-Mantic plugin was implemented
by Lockheed Martin under the guidance of the US EPA.

Key Features
The c-Mantic plug-in can be used to,
® Visualize OWL/RDF data as Cytoscape networks
® Query data from remote SPARQL endpoints and local knowledgebases
® Import OWL/RDF files (N3 or OWL/RDF/XML format)
® Export Cytoscape networks as OWL/RDF files

® Create local knowledge bases from Cytoscape networks
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Using c-Mantic to Analyze Reactome Pathways

This tutorial provides steps by step instructions on using c-Mantic to analyze Reactome
pathways. Reactome is an extensive resource of biological pathways which is available in
OWL format. Additional information is available in the c-Mantic User Manual.

Creating the KB
1.

provided here. Run Cytoscape and start the c-Mantic plugin

c-Mantic Tutorial - Reactome

If you have not installed the c-Mantic plugin then please follow the instructions

File Edit View Select Layout JE0T)

Help

Manage Plugins
Update Plugins
Install Plugin from File

HPEH QaQE

Control Panel

Network f2 | vizMapper™ | &

| Nod.

Advanced Network Merge
Network Analysis >
Network Modifications »

Network

2. Select the “Data Source” tab in the main c-Mantic window and “Add” a KB for
Reactome pathways — call it “reactome_hs”

5
_[gata SourcesT Prefixes T Query T Import/Expart T gbout] E

Current data sources:

reactome
reactome_hs

Data Source Editor

Enter information for a data source

iy

Mame:

Location:

Data Source Type:

reactome hs

Remote Local

reactome hs

oK Cancel

Edit ] | Remaove |

| Help

J L

Close |
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3. Download the Reactome human pathways provided in BioPAX Level 3 format from
here (reactome-homo-sapience.owl). Select the “Import/Export” tab in c-Mantic and
select “reactome_hs” as the “Local Data Source.” Click the “Import” button and select
the Reactome file (reactome-homo-sapience.owl). This may take a few minutes
depending on the speed of your computer — when it completes c-Mantic will let you

know.

[ Data Sources T Prefixes T Query T lmpom’ExponﬁT About ]

Import

Load an RDF file to a local data source.

Choose a Local Data Source: [reactome_hs

Export

Save a

Choose| Lock In: |[& biopax3.2009

Choosefl :rowl || Homo sapiens.owl

Wl B Homo sapiens rdf 5
Choosg | "] Homo sapiens.rdf.0 L
|| Homo sapiens.rdf.L L

|| Human immunodeficiency virus 1.ow!

Human immuno
Influenza A wiru

Methanocaldoc
Mus musculus.c
|| Mycobacterium

[«¥—// 7 T
File Name Homo sapiens.rdf
Files of Type: | q

Impart Cancel

| Help ||

Close |
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4. Select the “Prefixes” tab and add “bp3” as an abbreviation for:
http://www.biopax.org/release/biopax-level3.owl#

[ Data Sources T Prefixes T Query T Import/Export | About

Define namespace prefixes:

Prefix | Namespace Name
http://www biopax.orgirelease/biopax-level3.owl#
owl http:/fwww w3 0rg/2002/07/owl#
rdf http:/iwww w3 0rg/1999/02/22-rdf-syntax-ns#
rdfs http:/fwww . w3.0rg/2000/01/rdf-schema#
xsd httpe/fwww w3 org/2001/XMLSchema#

Enter infarmation for a prefix definition

Prefix; bp3

NElMCE IRl //www biopax.org/release/biopax-level3.owl#
0K Cancel

L Add ] [ Edit ] | Remowve |

Help Close
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Querying and Visualizing Reactome Pathways

1. Before visualizing Cytoscape networks, download this vizmap properties file — which
has been customized for viewing BioPAX Level 3 information using c-Mantic. Load this
file from the Cytoscape menu: “File -> Import -> Vizmap Property File”. A visual legend
for this property file is included at the end of this document.

mEdit View Select Layout Plugins Help

N > 2 ps
Oz:n Ctrl+0 b IEE [EWE Search: I:l:

Save Ctrl+S ]
Save as.. Ctrl+Shift+S
Import
Export 3
Recently Opened >
Print... Ctrl+P

Network (Multiple File Types)... Ctri+L
Network from Table (Text/MS Excel)...

Network from Web Services...

Node Aftributes...

| Quit Ctrl+Q Attribute from Table (Text/MS Excel)...

Edge Attributes...

Ontology and Annotation...

Attribute/Expression Matrix... Ctri+E
Vizmap Property File...

Import attributes from Biomart...
Import Attributes from NCEI Entrez Gene...
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2. Now you can query the Reactome KB in the “Query” tab. Choose “reactome_hs” as
the “Data Source” and enter the following SPARQL in the input area:

select distinct ?c where {?p rdf:type ?c .}

[Qata Sources T Prefixes Tguery T Impart/Export T About ]

Use SPARQL queries to create Cytoscape networks

Data Source: Lreactcme V]
Editor
Recent Queries | testl spargl v]
| Open. | | Ssave | | Delete.. |

select distinct ?c where {?p rdfitype ?c .}

Execute | | Cancel |

Results

[4

bp3:SmallMalecule
bp3:UnificationXref
bp3:Protein
bp3:Pathwaystep
owlInverseFunctionalProperty
owlDataRange
bp3:BioSource
bp3:FragmentFeature
owl:TransitiveProperty
bp3:PhysicalEntity
owl:ObjectProperty

I L +

| Help ||

Close
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3. Select the “Query” tab in c-Mantic, choose data source “reactome_hs”. Enter the
following SPARQL in the query input area to visualize components of the cell cycle
pathway. (For a newer version of Reactome, you will need the URI for the cell cycle

pathway.)

construct
?pax
?pax
?pcl
?pc2
?pax
?psi
?psi
?ps2
} where {
?pax
?pax
?pcl
?pc2
?pax
?psi
?psi
?ps2

rdf

bp3

bp3

rdf:
bp3:
rdf:

rdf:
bp3:
rdf:
rdf:
bp3:
rdf:
bp3:
:stepProcess ?pc2

{

type ?pt; bp3:name ?pn

pathwayComponent ?pcl; bp3:pathwayComponent ?pc2
type ?pcit; bp3:name ?pciln

:type ?pc2t; bp3:name ?pc2n
bp3:
rdf:

pathwayOrder ?psi1; bp3:pathwayOrder ?ps2
type ?psit ?ps2 rdf:type ?ps2t

:stepProcess ?pcl; bp3:nextStep ?ps2
bp3:

stepProcess ?pc2

type ?pt; bp3:name ?pn

pathwayComponent ?pcl; bp3:pathwayComponent ?pc2
type ?pcit; bp3:name ?pciln

type ?pc2t; bp3:name ?pc2n

pathwayOrder ?psil; bp3:pathwayOrder ?ps2

type ?psit ?ps2 rdf:type ?ps2t

stepProcess ?pcl; bp3:nextStep ?ps2

filter (?pax = <http://www.reactome.org/biopax#Cell_Cycle_Mitotic>)

}

When c-Mantic completes this query it will show the number of results and will ask if
you want to visualize these as a Cytoscape network. If you select “yes” then these
results will appear as a new Cytoscape network. (This is helpful when a query

produces

millions of results.) You can customize this network using our settings by

choosing the “BP3” visual style.

File Edit Wiew Select Layout Flugins Help

[ Data sources | Brefixes [ Query | Import/Export | About

Data Source:

Use SPARQL queries to create Cytoscape natworks

EEHQaaRa @ - et Rt I 1Y)

Contrel Panel

c-Mantic Network 1

888

Editor

Recent Queries:

construct {
?pax rdftype ?pt; bp3:name 7pn

7psL bpEistepProcess 7pc

juzaptoments 2 network Ty | wizmapper | Editor [ F
Current Visual style
[ testL sparql =) (C=IT | -
_open. | [ save. | | Delste. | -
Iy
7pax bp3:pathwayComponent 7pcl; bp3:pathwayComponent ?pcz { F\
?pcl rdftype ?pelt; bp3name 7pcln . —
7pcz rdf:type ?pc2t; bp3name ?pczn el
?pax bp3:pathwayOrder psL; bp3pathwayorder 7ps2
visual Mapping Browser

?psl rdftype 7psit. 7ps2 rdftype Tpsat

http vovewe reactome.orgy.
http:/www.reactome.orgy.
http://www.reactome.org/.
http:// . reactome.orgy..
http:feaew.reactome.orgy.
http://wwwe.reactome.org/.

rdftype
reftype

hitp:www.reactome.orgl.. bp3name
http://wwow reactome.orgl..  rdftype
http://www.reactome.orgl..  bp3name
http://www reactome.org/...  rdftype

http://wwow.reactome.org/.
http:/jwww reactome.org.

Iy

The query returned 3360 statements

Do you want to create a network? * Edge Label UnPrefixedMame

Results > Edge Source A UnPrefixadName

» Edge Target A.. UnPrefixedName
xo

Subject 1 v Node Visual M
reactome.orgy. op. P Teactome.org/. [ | * Node Label http:/fwwew biop.

T
bp3nextStep
bp3:stepFrocess

bp3pathwayorder
bp3pathwayCrder

bp3 pathwayComponent

S e o ) > Node Shape  http:ffwww.w3.or...

Eﬂp ”W:M reactome.org/. > Node Size hitp: ffveveve. w3 .o
p3:PathwayStep N ised

bp3:Pathwaystep nused Frape

http:ffwww.reactome.org/. Edge Color

Edge Font Face
Edge Font Size
Edge Label Color
Edge Label Opaci.

http:ffwwiw reactome. org/.
S Phase

bp3:Fathway

G1/s Transition
bp3:Pathway

hitp:ffwww reactome.arg/. Edge Label Width

http://wiwiw.reactome.org/.
http:// . reactome.orgy..
http://www.reactome.org/.
http://wwwe.reactome.org/.

bp3name
rftype

bp3:stepProcess
bp3nextStep

p reactome.org;.
Cell Cycle, Mitotic
bp3:Pathway
http:fwww.reactome. org/.

http: v reactome.orgl.. |y

Edge Line Style
Edge Line Width
Edge Opacity
Edge Source Arro,
Edge Source Arro,
Edge Targgt Arra.

v

Help Close

welcome to Cytoscape 2.8.2 Rightclick + drag ta ZOOM Widdle-click + drag fo PAN
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4. For a more intuitive view of cell cycle progression try the following query.

construct {

?pcl rdf:type ?pcit; bp3:name ?pclin .

?pc2 rdf:type ?pc2t; bp3:name ?pc2n .

?pcl bp3:nextStep ?pc2 .

} where {

?pax rdf:type ?pt; bp3:name ?pn .

?pax bp3:pathwayComponent ?pcl; bp3:pathwayComponent ?pc2 .
?pcl rdf:type ?pcit; bp3:name ?pclin .

?pc2 rdf:type ?pc2t; bp3:name ?pc2n .

?pax bp3:pathwayOrder ?psi; bp3:pathwayOrder ?ps2 .

?psl rdf:type ?psit . ?ps2 rdf:type ?ps2t .

?ps1 bp3:stepProcess ?pcl; bp3:nextStep ?ps2 .

?ps2 bp3:stepProcess ?pc2 .

filter(?pax = <http://www.reactome.org/biopax#Cell_Cycle__Mitotic>)
}

Here we have used SPARQL to construct a network in which pathway components are ordered
using the "nextStep" relationship.

"G Pha% N / ;,
/gm;ﬂM/G]J
ne tep Tr nSItI n"

"G1/S
Transition" nextStep
nextStep "M Pha%e"
||S PhaS n nextStep
nextStep

"G# Phase"

'/G2/I\ﬂ
nsition"
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5.

Cc

}

onstruct {

?pcl rdf:type ?pcilt; bp3:name ?pciln
?pc2 rdf:type ?pc2t; bp3:name ?pc2n
?pcl bp3:nextStep ?pc2

?pcl bp3:pathwayComponent ?pcilc

?pcic rdf:type ?pcict; bp3:name ?pcicn
?pc2 bp3:pathwayComponent ?pc2c

?pc2c rdf:type ?pc2ct; bp3:name ?pc2cn

where {

?pax rdf:type ?pt; bp3:name ?pn

?pax bp3:pathwayComponent ?pcl; bp3:pathwayComponent ?pc2

?pcl rdf:type ?pcit; bp3:name ?pcln
?pc2 rdf:type ?pc2t; bp3:name ?pc2n

?pax bp3:pathwayOrder ?psi; bp3:pathwayOrder ?ps2

?psl rdf:type ?psit . ?ps2 rdf:type ?ps2t
?ps1l bp3:stepProcess ?pcl; bp3:nextStep ?ps2
?ps2 bp3:stepProcess ?pc2

?pcl bp3:pathwayComponent ?pcilc

?pcic rdf:type ?pcict; bp3:name ?pcicn

?pc2 bp3:pathwayComponent ?pc2c

?pc2c rdf:type ?pc2ct; bp3:name ?pc2cn

c-Mantic Tutorial - Reactome

To visualize additional components of cell cycle stages try the following query:

filter (?pax = <http://www.reactome.org/biopax#Cell_Cycle_Mitotic>)
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6. Finally, the Cyclin E associated biochemical interactions during G1/S transition are
visualized using this query:

construct {

?pcl bp3:left ?pcll; bp3:right ?pcir

?pcll rdf:type ?pcilt; bp3:name ?pclln

?pcir rdf:type ?pcirt; bp3:name ?pcilrn

}
where {

?pax rdf:type ?pt; bp3:name ?pn

?pax bp3:pathwayComponent ?pcl; bp3:pathwayComponent ?pc2
?pcl rdf:type ?pcit; bp3:name ?pciln

?pcl bp3:left ?pcll; bp3:right ?pcir

?pcll rdf:type ?pcillt; bp3:name ?pclln

?pclr rdf:type ?pcirt; bp3:name ?pclrn
filter(?pax=<http://www.reactome.org/biopax#
Cyclin_E_associated_events_during 61_S_transition_>)

N .
Cychn "Water"
E:Cdk2:p21/g27 . o
Comp\exq gt Phosphate!’
"Dephosphorylation
,‘?,t of Cyclin
E:Cdk2
"Infctivation) of complexes by
Cyclin E:Cd 2 C c25A
complexes y
p27/p21
Cyclm
E: phospho -Cdk2
"G@k?" p2"l/p¢27 (‘\omp\ex
\;‘Lt
— Phosphoryla ion
"Formation of "Transtocation of Cyclin
Cyclin E:Cd ofCycin % cclin E: Cdk//‘eﬁ’/’ E:Cdk2
complexes| yclln E: Cdkz E:Cdk2 C omplexes” complexes/'
- - complex” complex to the »
~ ‘nucleus™
ke gt
“Cyclin E* "Adenodine Igft

left 5'-dip! s{)hate"
right
Mnosme

"CAK-mediated osphate”
phosphorylati
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rVisual L d for BP3

Edge Label is displayed as UnPrefixedName
Node Label is displayed as http://www.biopax.org/release/biopax-level3.owl#name

I Node Shape Mapping

Node Shape http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type

hitp:fiwww biopax.org/release/biopax-level3.owl#BiochemicalRea

hitp:fiwww biopax.org/release/biopax-level3.owl#Complex

http:fiwww biopax.orgfrelease/biopax-level3.owl#Pathway

http:fiwww biopax.org/release/biopax-level3.owl#Pathwaystep

htp:fiwww biopax org/release/biopax-level3.owl#PhysicalEntity

htp:fiwww biopax orgfrelease/biopax-level3.owl#Protein

hitp:fiwww biopax.org/release/biopax-level3.owl#smallMolecule

cooouon

Node Size Mapping

Node Size http://www.w3.0rg/1999/02/22-rdf-syntax-ns #type
60. 0 http:fiwww biopax.orgirelease/biopax-level3.owl#BiochemicalRea...
30. 0 http:/iwww.biopax.org/release/hiopax-level3.owl#Complex
20. 0 http:/iwww.biopax.orgirelease/hiopax-level3.owl#PathwayStep
10.0 http:/iwww.biopax.orgirelease/hiopax-level3.owl#PhysicalEntity
20. 0 http:/iwww biopax.org/release/hiopax-level3.owl#Protein
20. 0 http:fiwww biopax.orgirelease/biopax-level3.owl#SmallMolecule

I Edge Target Arrow Shape Mapping

Edge Target Arrow Shape UnPrefixedName
+— nextstep
* pathwayComponent
4 pathwayOrder
— stepProcess

Cytoscape Visual Legend for BioPAX Level 3
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