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Qutline

 The problem with pathways...
 BioPAX and data exchange

 Pathway Knowledge Base
— Querying over multiple data sources
— Data import and query process

e Evaluation
e Conclusion & Next Steps




Pathways convey biological OFO
phenomena ©)

Signalling pathway
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Sundaraaj et. al, 2005



Users interpret non-standard pathway
diagrams
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The problem with pathways... o

 ToO many sources to investigate

— >200 databases in the Pathway Resource List
— http://www.pathguide.org

e Pathway diagrams are the primary way for consuming
Information
— Non-standard
— Incorporates a handful of genes and proteins
— Difficult to compute over

o “Pathway” representation is not easy to define
— Appropriate levels of abstraction
— Standard naming systems for molecules
— Appropriate numbers of components


http://www.pathguide.org/

BioPAX Is an emerging standard for
pathway representation

Database Exchange Simulation Model
Formats Exchange Formats

Small
Molecules SBML:

(CML) CellML

Alolecular Interactions ‘ . . .
Pro:Pro All-Al Genetl-c Bloche.mlcal
Interactions Reactions

Rate
Metabolic Pathways Formulas
Low Detail <« High Detail

http://www.bidpax.org
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BioPAX allows for creation of a central 0.@
resource O
e BIOPAX

— Standardized representation of Pathway data in OWL

* Provide method for exchange that promotes interoperability
between known data sources.

Development level Scope of format Sample data sources’

Level 1 Metabolic pathways aMAZE, BioCyc, KEGG, PUMAZ
@ Level 1 plus molecular interactions BIND, DIP, HPRD, IntAct, MINT

Level 3 Level 2 plus signaling pathways and gene requlation CSNDB, INOH, PATIKA, Reactome, TRANSPATH

Level 4 Level 3 plus genetic interactions f FlyBase, MIPS

Future levels Level 4 plus abstract associations / PubGene, GeneWays

‘For a complete listing, see http:/fwww.chio.mskec.org/prl.

We use BioPAX level 2 to
Integrate Kegg, BioCyc and
Reactome



_PKB >
Pathway Knowledge Base (PKB) @

 |nfrastructure to integrate pathway information
from multiple sources into a central resource

— BiIoPAX and Oracle RDF model

e Methods to query pathways in these databases
— SQL/SPARQL

e A web Interface that allows users and other
programs to query and access these pathways

— JSP/AJAX

Pathway Viewer tools
i HTTP .
BioPAX : (Patika, Cytoscape
fles BloPAX RDE S Web Server el
BioCye —- — [ (B )

KEGG Im |?ort Objects Search Pathway
Object

Reactome

o (C B Query Formulation \‘ Web Client Interface ‘
JENA JSP




Search pathways across data sources and species

Species: human
Source: biocyc

Show Detailss=

Species: human
Source: reactome

Shiow Ditails s

Species: yeasl
Source: hincyc

Show Detailsz>

Pathway Knowledge Base
* PUbAc reposory forseeching Biokgial p pathrays: returns three pathways

Mame: lipases patheeay

MName: Phosphalipase-madiated signalling

Wame: ipases pathway

-

(A)Search for phospholipase

from two data sources atnd tao
species.

----J

Plammes bpanos pabhesy
—

SNl nE'F'.IE! I: &=
-

: (B) Search for protein bell which
]

Show masuts n
-

I returns the boman bell oncogene. 1

Short Mame:
Species: human
Souroe: reactome

Mame: LniProb P24205 G1/5-spache cyclin 01 (PRADL oncogene) (BCL-1 oncogans)

Comment: FUNCTION: Essential for the control of the cell cycle at the G155 (start) transition,
SLBUMIT: Interacts with the COK4 and COKS protein kinases to form a sennefthreoning
kinase holoenzyme complex, The cyclin subunit imparts substrate specificty to the comples,
DISEASE: Involved in B-lymphocytic malignancy (particulardy mante-cell lymphoma (MCLY) by a
chromosomal translocation £{11; 14){013;0232) that involves COCNDL and immunoglobulin gene
regions (BCLL oncogens). Activation of CONDL may be oncogenic by directly altering
prograssion through the cell cpde, DISEASE! [nvolved in a subset of parathyroid adenomas
by a chromosomal translocation t{11;11){g13;pl5) that involves CCMOL and the parathyroid
homons (PTH) enhancer (PRAD]1 oncogene). SIMILARITY: Belongs to the cyclin family, Cyclin
O subfamily. DATABASE: NAME=ALlas Genet, Cytogenet. Oncol. Hasmatol.;

WA =\"http: fwewewinfobiogen. frfservicesfchromeancer/Ganes/BCLL homly".

&

T T e
Commmest FURCTION: Essantal for tha control of the el cicke 2k the G175 (start] transiton.

http://pkb.stanford.edu
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Visualize and navigate pathway results

SUSUNIT: [nteracts with tha COEd and C0ES protsin Enasas to Tomn & sennaThisoring

krsass Rodoanayma camglak. Tho oyl Suluret imeaits Subsiratn spaorfuimy oo e oorminha.

DISESSE: Inwodead i B himpheooytic malgnancy Cpamculadty mantke-cal fpmphoma CECLY by 3
N BN BN BN BN BN BN BN BN B BN BN B e e e e I B o T

1 (C)Heighbothood search for pathwrays contaning bell returns five pathwerays :

Ways:

LDmiEid FUMNLC IUMN. ESRanhal o5 T SOl OF O D8] OF cke &l T G150 | ST Trafi . l

reactaome Ubiguibn dependent degradabon of Cycling D1

reatome Cuchin O Cdk4 6 mediated phosphorvlation of Bh and dissociation of B from the
reactome Formabon of Cyelin O Cdkd4 & complexes

reactome Phosphorvlation of Cydin O Cdkd 6 comolexes

o rezctome Translocabion of Cyclin O Cdks & complexes from the cyboplasm to the nucleus

'--------------------------------------1

I [D:l Tree wiew of the reactions i the first pathway i the result :
Felocaization of nuclearly kacalzed Cychn D1 to the ovboplasm
Froteasome mediated degradation of Cyclin DL
Ubiquitin-dependent degradation of Cyclin D2 Ubigquitination of Cyclin D1
Fhosphorylation of Cycdin D1 at T285 by ghycogen symithass br
Relocaization of nuclealy kcalzed phospho-[T286 )ovdin DL:C

- & &

http://pkb.stanford.edu



Custom queries enabled via advanced search

Home | About | Contact | My Saved Results | Advanced Search

Searcn by [ESECTNNE) ~ I

* Upload

Enter the query in the box below (omit the trailing semicolon):

select distinct =, %, t,e,b FROM
(

Custom

Count the number of human pathways

Count the number of E. coli pathways

Count the number of yeast pathways

List all reactions in PKB (sorted by reaction)

List all entities in the cytosol or cytoplasm ordered by name

Get all entities with "neuroendocrine” in the COMMENT
Get all authors in the databases

List all reactions in PKB

List all publications by title and year, order by year

Get all triples with Reactome 114277 as the subject

List all entities left or right of cyclin D3 2x) (2y :RIGHT 2z) (2z
*

TABLE (SDO_RDF MATCH(' (?y =
(?y :LEFT ?z) (?z
Models ('human'),

?/www.biopax.org/release/bj
IiI)

m TABLE (SDO_RDF MATCH('

List all entities left or right of hydroxyanthranilate

v

Copyright (c) 2006 by PKB. httny://pkb.stanford.edu



Under the Hood...




Architecture

Patika, Cytoscape

Pathway Viewer tools

HTTP
‘///1 etc.

Web Server
Search Pathway <
BioPAX output ISP

SQL
BioPAX
files
Reactome BioPAX
BioCyc >

Import \

] Object

JENA

Web Client Interface

_PKB >
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RDF Objects
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Sample Query: List all reactions in PKB 03@

select distinct t.x,v FROM
{ |Each species has its own RDF model
bi
nul
ase
UN
sel : : D
bi¢ Determine data source via URI:
nul http://pkb.stanford.edu/biopax#biocyc_biochemicalReaction12408630 |e
asd IHUMANRecruitment of elongation factors to form HIV-1 elongation
UN complex

sel . . .
bid http://pkb.stanford.edu/biopax#reactome_ Recruitment_of elongation
factors_to_form_HIV_1 elongation_complex

nUII \JLJV T\LJI I_\II(.AQCQ\\JLJV T\LJI I_\II(.AQ\ y IILL'J IIVVVVV\I.UIU'J(AI\.UIHIIC e
ase/biopax-level2.owl#')),null))
JORDER BY x

e

Query across species via UNION ALL




Adding new species and data sources

 Add new species
— Create TABLE for storing rdf data

— Create an RDF_MODEL for that species
— Insert data as N-Triples

 Add new data source
— Obtain BioPAX pathway data

— Convert BioPAX OWL files into the triples format using JENA

— Update all unique identifiers to have a custom URI*
(http://pkb.stanford.edu/biopax#datasourcename)

— Upgrade biopax identifiers from level 1 to level 2*
— Insert data into table



http://pkb.stanford.edu/biopax#datasourcename

Evaluation




PKB Query Performance

Summary of data available in PKB

Human E. coli Yeast Total

# of pathways 1072 515 606 2193

# of reactions 3550 1966 1794 7310

# of triples 525148 | 367454 | 238877 | 1,131,479

Example query times
Query Time (S)
Search for pathway titles containing phospholipase 1.3
Find all proteins with bcll in their name or synonym 16.1
Find all pathways with protein bcll 35.3
List all entities to the left or right of hydroxyanthranilate 39.7

Queries run on a Dell PowerEdge 2800 w/ 4 GB RAM and Oracle 10.2.0.2



Certain queries are easier with
relational structures

O=0
i
©)

Pathway A Pathway B
Pathway Reaction

Protein

A C

E

E

B D
Reaction C Reaction D
Relational Structure

A

/

Query:
Directed Graph

Given protein E, find all pathways
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DEQ

Pathway Knowledge Base o

o Benefits

— Centralized resource for querying pathway information across
data sources and species

— Demonstrates use of BioPAX and RDF for exchange and
Integration of pathway data

e Limitations

— Storing data only as RDF graph structures limits query
performance

— Import requires manipulation of namespaces

— Querying options and methods are based on SPARQL but do
not currently support all the features specified in SPARQL



C_PKB 3
Next Steps in PKB? 083

e Pathway differences between data sources

— How does the galactose metabolism differ b/w ecocyc
and reactome

e Pathway merging
— Merge information from the same pathways from
different data sources

e Pathway consistency checking
— BioPAX rules for testing pathway models
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Thanks. Any Questions?

http://pkb.stanford.edu

pathwaykb@Ilists.stanford.edu



http://pkb.stanford.edu/
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