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Chapter 1 Introduction to the Guide 
 

This chapter introduces the caBIG Reactome Data Sharing Web Services API UserÕs Guide. 
Topics in this chapter include: 

 

1. Overview of the Guide on this page  
2. Organization of the Guide on this page 
3. Prerequisites to the users of the Reactome WS API on page 2 
4. Documentation text conventions on page 2 

 
 

1.1 Overview of the Guide  
This guide is a companion to the caBIG Reactome Data Sharing Web Services API. It 
introduces how to use this API to fetch high quality, human-curated biological pathway 
data from the Reactome Web Services server. How to set up this Web Services server is 
not covered by this guide, and will be illustrated in another document.  

1.2 Organization of the Guide  
This guide contains the following chapters: 

Chapter 1 Introduction to the Guide Ð This chapter provides the information about this 
Guide. 

Chapter 2 Introduction to Reactome Ð This chapter introduces what Reactome is, its 
web pages, and its data model. 

Chapter 3 Set up the working environment  Ð This chapter provides information how to 
set up the working environment to use the Reactome Web Services API. 

Chapter 4 Web Services  API Ð This chapter gives the whole list of the Reactome Web 
Services API. 

Chapter 5 Simple Queries  Ð This chapter introduces some examples to query the 
Reactome Web Services server. 

Chapter 6 A Comprehensive Example  Ð The whole guide concludes with a 
comprehensive example to use this API for a complex job. 

Appendix A Ð This appendix describes all classes and their properties used in the 
Reactome Web Services API. 
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Appendix B  --  This appendix provides a list of acronyms used by this Guide.  

Appendix C Ð This appendix provides a list of references related to this Guide.  

Index Ð This section provides the index to this Guide. 

1.3 Prerequisites to the User of the Reactome WS API 
Since this is a Java API, the reader is required to have basic skills in Java programming 
and basic knowledge of object-oriented programming. The whole API is built upon 
Simple Object Access Protocol (SOAP), a standard for Web Services, so some basic 
understanding of SOAP is helpful, but not required. This guide will introduce some basic 
terms in SOAP. 
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1.4 Document Text Conventions  
 

The following table shows how various typefaces are used in this guide.  

 

Convention  Description  Example  

Courier typestyle  

 

Used for filenames, directory 
names, commands, file listings, 
source code examples and 
anything that would appear in a 
Java program, such as methods, 
variables, and classes. 

URL_definition ::= 
url_string  

Note: Highlights a concept of particular 
interest 

Note: This concept is used 
throughout the installation 
manual. 

Table 1. 1 Document Conventions 

 

 

Bold & Capitalized Command 

Capitalized command > 
Capitalized command 

Indicates a Menu command 

Indicates Sequential Menu 
commands 

Admin > Refresh  

TEXT IN SMALL CAPS Keyboard key that you press Press ENTER. 

TEXT IN SMALL CAPS + TEXT IN 
SMALL CAPS 

Keyboard keys that you press 
simultaneously 

Press SHIFT + CTRL and then 
release both. 

Boldface type Options that you select in dialog 
boxes or drop-down menus. 
Buttons or icons that you click. 

In the Open dialog box, select 
the file and click the Open button. 

Italics Used to reference other 
documents, sections, figures, 
and tables. 

caCORE Software Development 
Kit 1.0 ProgrammerÕs Guide 

Italic boldface type Text that you type In the New Subset text box, enter 
Proprietary Proteins. 

Warning! Highlights information of which 
you should be particularly aware. 

Warning! Deleting an object will 
permanently delete it from the 
database. 

{} Curly brackets are used for 
replaceable items. 

Replace {root directory} with its 
proper value such as c:\cabio 
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Chapter 2 Introduction to Reactome 
 

This chapter provides an overview of the Reactome project. The caBIG Reactome Data Sharing 
Project is built upon the Reactome project. This chapter includes the following topics: 

 

1. What is Reactome on this page 
2. Reactome Web Pages on this page  
3. Reactome Data Model on page 7 

 

2.1 What is Reactome 
 
Reactome is a human-curated knowledgebase of biological pathways and reactions. The 
information in this knowledgebase is authored by biological researchers with expertise in 
their fields, maintained by the Reactome editorial staff, and cross-referenced with 
PubMed, Gene Ontology, NCBI, Ensembl, UniProt, OMIM and other databases. 
Reactome is a joint effort among Cold Spring Harbor Laboratory, European 
Bioinformatics Institute and Gene Ontology Consortium.  

 

2.2 Reactome Web Pages 
 
The main data delivery method of the Reacctome project is a web application. This 
section introduces three main web pages in this web application: front page, pathway 
page and reaction page.  

Note: All data in the Reactome can be downloaded from the download page 
(http://www.reactome.org/download). You can install the Reactome database and web 
server locally by following the instructions on that page. 

 

2.2.1 Front Page 

Figure 2.1 is the front page of the Reactome web site. Data in Reactome are organized 
around topics. A topic in Reactome means a scoped biological process. The front page 
lists all current released topics in the topic table. Each cell in the topic table includes one 
or more species abbreviations; ÔHsÕ stands for human.  Clicking on a topic or species 
abbreviation brings you to the pathway page (see below).  

The middle image of the front page is the so-called reaction map, which displays all 
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reactions in the released Reactome database. In the reaction map, reactions are linked 
together based on preceding/following relationships and laid out based on pathways 
containing them.  

Note: Pathways and reactions in homo sapiens are human-annotated, while pathways in 
other species are predicated based on OrthoMCL orthology clusters using human 
pathways and reactions as references. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 The front page of the Reactome web site (http://www.reactome.org) 
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2.2.2 Pathway Page 

The links in the topic tables on the front page can bring you to the pathway page. A topic 
is a top-level pathway, which may contain pathways and reactions. Figure 2.2 is the 
pathway page for human Apoptosis. On this page, the event hierarchy on the left side 
displays pathways and reactions contained by Apoptosis. A text description for 
Apoptosis is displayed on the right side. The text description is a mini-review style 
summary about a pathway. Authors and literature references used by the text 
summation are listed too. Some of pathway pages have nice images (not displayed 
here). These images are copied from original papers, or drawn by Reactome authors or 
curators. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 Pathway page for human Apoptosis  
(http://www.reactome.org/cgi-bin/eventbrowser?DB=gk_current&ID=109581) 
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2.2.3 Reaction Page 

Reactions are contained by pathways. Reaction pages are linked from the pathway 
page, the reaction map and some other places. Figure 2.3 is the reaction page for the 
reaction ÒFASL Binds FAS Receptor in Human.Ó In this figure, two parts in the reaction 
page are displayed: reaction diagram and the detailed property page. The reaction 
diagram displays inputs, outputs, catalysts, preceding and following reactions in a simple 
diagram. The detailed property page lists text summation, figure, inputs, outputs, 
organisms, GO links, etc. As on pathway pages, the position of the reaction in the topic 
hierarchy is highlighted in the hierarchy tree on the left side. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3 Reaction page for Reaction FASL binds FAS Receptor [homo sapiens] 
(http://www.reactome.org/cgi-bin/eventbrowser?DB=gk_current&ID=75244) 
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2.3 Reactome Data Model 

 
To fully understand the data in the Reactome knowledgebase, it is necessary to 
understand the model used to organize the data in the database. This section provides a 
short overview of the Reactome data model. 

Note: The data model used for the Reactome WS API is different from the one used for 
the web site. The WS data model is a simplified version of the data model used for the 
web site. To make the WS data model compatible to the caBIO data model, some 
classes in the caBIO data model are reused.  

 

Data Model in the Web Site  

The data model used in the web site is frame-based, and constructed by using ProtŽgŽ, 
a free, open source ontology editor and knowledgebase framework 
(http://protege.stanford.edu/). Similar to OOP, data in a frame-based knowledgebase are 
organized around classes, instances, and attributes. In short, a class is a group of 
instances that share the same property descriptions, and an attribute is an property 
definition owned by a class. One class can subclass to another class to build an 
inheritance hierarchy. Figure 2.4 lists all classes in this data model. To view all classes, 
visit http://www.reactome.org/cgi-bin/classbrowser?DB=gk_current.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.4 The whole list of Reactome classes displayed in ProtŽgŽ. 
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Data Model in the WS API  

The data model used in the Reactome WS API is different from the one used by the web 
site. The WS model is simplified from the web site model by removing classes used for 
editing, solely for web display, and rarely used. To make the WS data model compatible 
to other models, mainly the caBIO data model, in the caBIG project, classes in the web 
site model are replaced by similar classes in the caBIO data model. The Reactome WS 
data model contains 20 classes, of which 9 are core classes, and 11 are utility classes 
used by core classes. See Appendix A for descriptions for all classes and their 
properties in this API. 

Figure 2.4 is a UML class diagram listing some classes used by this WS API. Event is an 
abstract class, and has two concrete subclasses, Pathway and Reaction. Reaction is a 
single step event, while Pathway multiple-step event. Pathway associates with Event by 
ÒhasComponentÓ which lists Event objects contained by Pathway. Reaction associates 
with EventEntity by both ÒinputÓ and ÒoutputÓ. Reaction can have associations with 
CatalystActivity via ÒcatalystActivityÓ, and Regulation with ÒregulationÓ. EventEntity is 
something participating in Event. There are four subclasses to EventEntity: 
GenomeEncodedEntity for protein, RNA, and gene; Complex for event participant 
comprised of more than one EventEntity and these EventEntities are bound together via 
non-covalent interactions; SmallMoleculeEntity for chemicals; and EventEntitySet for 
participants that can play the same role in an Event object. Both GenomeCodedEntity 
and SmallMoleculeEntity can associate optionally with ReferenceEntity via 
ÒreferenceEntityÓ. But GenomeEncodedEntity associates with ReferenceSequence while 
SmallMoleculeEntity with ReferenceChemical. Both ReferenceSequence and 
ReferenceChemical are subclasses to ReferenceEntity, which is used to refer to records 
in external, reference databases. 

Appendix A shows four UML class diagrams for all  classes used in this WS API. 

 

 

 

 

 

  

 

 

 

 

 

Figure 2.4 UML Class Diagram listing core classes used by the Reactome WS API. 
See Appendix A for the full diagrams for all classes. 
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Chapter 3 Set up the Working 
Environment 
 

This chapter introduces the required third-party libraries for the Reactome Web Service API, 
and how to set up Java IDE Eclipse to run the examples in this guide successfully. The following 
topics are included in this chapter: 
 

1. Required third-party libraries on this page. 
2. Obtaining the Reactome WS API on this page. 
3. Setting up Eclipse on page 10. 

 

3.1 Required Third -party Libraries  

 
Several third-party libraries are used for the Reactome WS API.  
You can download all required libraries from this URL: 

http://www.reactome.org:8080/caBIOWebApp/docs/caBigReactomeClient.jar. 
 
Note: You need to unzip the jar file downloaded from the above URL before you can use 
them. 

The following lists all required libraries: 

caBIO data Model : Several interfaces in the caBIO data model are used for this API. 
client.jar in the caCORE (http://ncicb.nci.nih.gov/NCICB/infrastructure/cacore_overview) 
should be used. The version used by the Reactome WS API is 3.0.1.  

Warning! The latest version of client.jar from caCORE 3.1 cannot work with the 
Reactome WS API. 

Axis : Axis is a free, open source SOAP engine in Java from Apache 
(http://ws.apache.org/axis/). All jar files in the lib folder in the Axis release should be 
used. These jar files are: axis.jar, commons-discovery-0.2.jar, commons-logging-
1.0.4.jar, jaxrpc.jar, log4j-1.2.8.jar, saaj.jar, wsdl4j-1.5.1.jar. The version used 
successfully by the Reactome WS API is 1.4. 

Note: The latest version of Axis is 2.0. We have not tested this version yet. 

JUnit:   JUnit is a free, open source unit testing framework. In this guide, JUnit is used to 
construct launchable public methods in Eclipse. The latest junit.jar can be downloaded 
from its web site, http://www.junit.org. 

Note: Eclipse has built-in support to JUnit. junit.jar can be found in EclipseÕs plug-in 
folder too. 
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Java: Java Virtual Machine (JVM) 1.5 should be used. For Windows and Linux, you can 
download latest JDK 1.5 from http://java.sun.com. For Mac OS X, you can download 
JDK 1.5 from http://developer.apple.com/java/, or try to update your pre-installed Java by 
using  Software Update. 

Warning! For Mac OS X, Java 1.5 needs OS X 10.4 or above. Java 1.5 cannot work with 
Mac OS X 10.3. 

  

3.2 Obtaining the Reactome WS API  

 
You can obtain the pre-compiled jar file, reactomws.jar, for the data model underneath 
the Reactome WS API from the same URL  
(http://www.reactome.org:8080/caBIOWebApp/docs/caBigReactomeClient.jar). 

Note: The source code for this data model is also included in the reactomews.jar file. 
You should find reactomews.jar after unzipping the jar file from the above URL. 

Web Services Definition Language (WSDL) is the standard to describe Web Services 
API. There are two WSDL files deployed on the Reactome WS server: 
http://www.reactome.org:8080/caBIOWebApp/services/BioPAXExporter?wsdl is used for 
BioPAX level 2 output for pathways and reactions (one operation only), and 
http://www.reactome.org:8080/caBIOWebApp/services/caBIOService?wsdl is for all 
other operations. 

It is also possible to generate all model classes from WSDL file in Java by using the Axis 
toolset. However, since some complex XML schema types are used in the WSDL file, 
and the Axis toolset cannot handle them correctly, the generated Java classes have to 
be modified before use. An example of how to generate this model from the WSDL file is 
provided at the end of this chapter. 

 

3.3 Setting up Eclipse  
 
Eclipse is an open source, popular Java IDE. Eclipse can be downloaded from 
http://www.eclipse.org. Follow the instructions on that web site to install Eclipse for your 
platform. After installation, follow the instruction from Eclipse to switch to the Java 
perspective.  

 

To create a test project for the Reactome WS API, follow the following procedures:  

1. Use menu File  > New > ProjectÉ  to open the project window. Choose Java > Java 
Project  to create a new Java project.  
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2. Select the Next  button at the bottom of the New Project dialog. Give a name to this 
new project (e.g. ReactomeWSTest). Choose Create new project in workspace  in 
the Contents tab. If your default JDK Compliance is 1.4, choose 5.0 (a.k.a. JDK 1.5) 
after selecting Use a project specific compliance . 

3. Click the Next  button to the Java Settings window. In the Source tab, click the Link 
Additional Source to Project  image button, which is the first on the top-right corner. 
Input src  to both text fields in the popped up dialog. Click OK to use src  for all the 
source code. 

4. Click the Finish  button to create a new Java project. We will add jar files to the class 
path at next step. A new project is added to the project list. 

5. Select the newly created project, ReactomeWSTest, and right click to get the popup 
menu. Select New > Folder  to create a new folder called lib . Download jar files 
mentioned in the previous section, 3.1 Required Third-party Libraries. Place these jar 
files into the lib folder: client.jar (caCore version 3.01), axis-ant.jar, axis.jar, 
commons-discovery-0.2.jar, commons-logging-1.0.4.jar, jaxrpc.jar, log4j-1.2.8.jar, 
saaj.jar, wsl4j-1.5.1.jar (Axis 1.4), junit.jar (JUnit), and reactomews.jar (Reactome). 
Refresh the project with the popup menu Refresh . 

6. To add all jar files in the lib  folder to the projectÕs classpath, right click 
ReactomeWSTest, select popup menu Build Path  > Configure Build PathÉ  to get 
the dialog for classpath configuration. Choose Add JarsÉ , and select all jar files in 
ReactomeWSTest lib  folder. 

After this new project created, you should be able to run all examples in the following 
chapters without any problems. 

 

Generate Schema Classes from WSDL File 

Optionally model classes can be generated from the WSDL file. Eclipse can be used for 
this purpose. To use this feature in Eclipse, you have to installed WTP plug-in for 
Eclipse, which can be downloaded from http://www.eclipse.org/webtools/index.html. 

To use the auto-generation feature in Eclipse, follow the following procedures after 
installing the WTP plug-in: 

1. Use popup menu New > OtherÉ  to open the New Project dialog, choose Web 
Services  > Web Service Client . Click the Next  button. De-select Install Web 
service client  on server. 

2. Click the Next  button. Enter URL 
http://www.reactome.org:8080/caBIOWebApp/services/caBIOService?wsdl. This 
URL should be selected. 

3. Click the Next  button. Accept all default settings. Click the Finish  button to finish 
creating this new project. 

4. The newly created WS client project cannot be used instantly. Some changes have 
to be made. To make the project correct, delete web.xml file under the folder 
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WebContent/WEB - INF  since it is not used at all. 

5. Generated Java classes starting with ArrayOf are not correct. Change all these 
classes from Òextends java.lang.Object[]Ó to Òextends java.util.ArrayListÓ. 

Note: if your computer can run Perl, you can issue the following Perl command under 
the folder holding these classes (all should be in the same line):  

perl Ðpi Ðe Òs/extends java.lang.Object[]/extends 
java.lang.ArrayList/g;Ó  

6. Test the generated web client project with the following code: 

 
 

 

import java.io.OutputStreamWriter;  

import java.util.List;  

import org.apache.log4j.BasicConfigura tor;  

import org.apache.log4j.Layout;  

import org.apache.log4j.Level;  

import org.apache.log4j.SimpleLayout;  

import org.apache.log4j.WriterAppender;  

import org.reactome.www.caBIOWebApp.schema.Pathway;  

import org.reactome.www.caBIOWebApp.schema.Reaction;   

impo rt org.reactome.www.caBIOWebApp.services.caBIOService.CaBioDomainWSEndPoint;  

import org.reactome.www.caBIOWebApp.services.caBIOService.CaBioDomainWSEndPointService;  

import org.reactome.www.caBIOWebApp.services.caBIOService.CaBioDomainWSEndPointServiceLocat or;  

   

public class Test {  

    public static void main(String[] args) throws Exception {  

        Layout layout = new SimpleLayout();  

        WriterAppender appender = new WriterAppender();  

        appender.setLayout(layout);   

        appender.setWriter(new  OutputStreamWriter(System.out));  

        appender.setThreshold(Level.WARN);  

        BasicConfigurator.configure(appender);  

         

        CaBioDomainWSEndPointService service = new CaBioDomainWSEndPointServiceLocator();  

        CaBioDomainWSEndPoint end Point = service.getcaBIOService();  

 

        long time1 = System.currentTimeMillis();  

        Reaction reaction = (Reaction) endPoint.queryById(114263L);  

        long time2 = System.currentTimeMillis();  

        System.out.println("Time for queryById for a R eaction: " + (time2 -  time1));  

        System.out.println("Reaction: " + reaction.getName() + " (" + reaction.getId() + ")");  
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        time1 = System.currentTimeMillis();  

        Pathway pathway = (Pathway) endPoint.queryById(109581l);  

        time2 = Syst em.currentTimeMillis();  

        System.out.println("Time for queryById for a Pathway: " + (time2 -  time1));  

        System.out.println("Pathway: " + pathway.getName() + " (" + pathway.getId() + ")");  

  

        time1 = System.currentTimeMillis();  

        pa thway = endPoint.loadPathwayForId(109581l);  

        time2 = System.currentTimeMillis();  

        System.out.println("Time for loadPathwayForId: " + (time2 -  time1));  

 

        time1 = System.currentTimeMillis();  

        String svg = endPoint.generatePathwayD iagramInSVGForId(pathway.getId());  

        time2 = System.currentTimeMillis();  

        System.out.println("Time for generatePathwayDiagramSVG: " + (time2 -  time1));  

        //System.out.println("Svg: \ n" + svg);  

 

        time1 = System.currentTimeMillis();  

        List pathways = endPoint.listTopLevelPathways();  

        time2 = System.currentTimeMillis();  

        System.out.println("Time for listTopLevelPathways: " + (time2 -  time1));  

        System.out.println("Total Pathways: " +pathways.size());  

     }  

}  

Notes 

¥ The auto-generated method toString() in domain classes is very slow because 
there is a problem in the hashCode() method.  

¥ You can download the source code for this class from 
http://cabigcvs.nci.nih.gov/viewcvs/viewcvs.cgi/reactomedata/docs/TestForAutoG
eneratedSchema.java. 

¥ For your convenience, a service stub class, 
org.reactome.cabig.service.SOAPService 
(http://cabigcvs.nci.nih.gov/viewcvs/viewcvs.cgi/reactomedata/WEB-
INF/src/org/reactome/cabig/service/SOAPService.java), has been created. You 
can use this class for all operations described in the following chapters. 
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Chapter 4 Web Services API 
This chapter introduces all operations deployed in the Reactome WS server. The next two 
chapters will provide examples of how to use this API in your code. This chapter includes the 
following topics: 

 

1. Introduction to WSDL files for the Reactome WS API 
2. Operations List 

 

4.1 Introduction to WSDL  Files for the Reactome WS API  

WSDL is the standard to describe the Web Services API based on SOAP. There are two 
WSDL files for the Reactome WS API. The WSDL file for exporting Reactome Events 
(Pathways and Reactions) into BioPAX level 2 format is located at 
http://www.reactome.org:8080/caBIOWebApp/services/BioPAXExporter?wsdl. Figure 
4.1 is a snippet for this WSDL file: 
 

 

Figure 4.1 Code Snippet for defining the sole operation, getBioPAXModel, in the WSDL 
file for exporting Reactome Events to BioPAX level 2 format. 

 

This WSDL file defines only one operation, getBioPAXModel. The parameter to this 
operation is a simple long, which is defined as soapenc:long, and the returned result, 
pathways or reactions in BioPAX, is a string, which is defined as soapenc:string. 

Another WSDL file is located at 
http://www.reactome.org:8080/caBIOWebApp/services/caBIOService?wsdl. Except the 
operation getBioPAXModel in the first WSDL, all other operations are defined in this 
WSDL file. Figure 4.2 lists all operations defined in both WSDL files. 

From these two WSDL files, you can also find the WS addresses: 
http://www.reactome.org:8080/caBIOWebApp/services/BioPAXExporter for BioPAX 
exporting, and http://www.reactome.org:8080/caBIOWebApp/services/caBIOService for 
all other operations. 

 



Reactome Data Sharing Web Services API UserÕs Guide 

  18 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The rest of this chapter introduces these operations one by one in detail. 

 

4.2 Operations List  

 

The following is the full list of services provided by this Web Services server. An object 
can be returned as a proxy, which has only id and name (if applicable) filled, or as a 
loaded object, which has all its properties filled. However, a reference to a loaded object 
might be a proxy. Objects returned from operations starting with ÒlistÓ are proxies while 
objects returned from operations starting with ÒqueryÓ are loaded. A fully loaded pathway 
object has of all its components loaded recursively. To load a pathway, call 
loadPathwayByObject or loadPathwayById. You can get this list from 
http://www.reactome.org:8080/caBIOWebApp/docs/services.html too. 

 

Figure 4.2 List of operations defined by the Reactome WS API 
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BioPAXExporter  (http://www.reactome.org:8080/caBIOWebApp/services/caBIOService) 

¥ getBioPAXModel  

            Pass an xsd:long as Event Id, and get the BioPAX exported as a soapenc:string. 

CaBIOService (http://www.reactome.org:8080/caBIOWebApp/services/caBIOService) 

¥ generatePathwayDiagramInSVG  

Generate a SVG diagram for a specified Pathway by using dot in the AT&T Graphviz 
package. The passed type should be Pathway in the namespace 
http://www.reactome.org/caBIOWebApp/schema. 

¥ generatePathwayDiagramInSVGForId  

Generate a SVG diagram for a Pathway that is specified by its id by using dot in the 
AT&T Graphviz package. The type of id is xsd:long. 

¥ getMaxSizeInListObjects  

            Get the maximum length for the operation listObjects (see below) in xsd:int. 

¥ listB yQuery 

Query for a list of objects by specifying class name, property name and the value for 
the property. The objects in the list are proxies. 

¥ listObjects  

Get the list of objects by passing class name, start index, the length. The returned 
objects in the list are proxies. To get all properties for the returned objects, the client 
should call queryByObject or queryByObjects. The class name is from the following 
list: CatalystActivity, Complex, DatabaseCrossReference, Event, EventEntity, 
EventEntitySet, EventSet, GeneOntology, GenomeEncodedEntity, ModifiedResidue, 
Pathway, Polymer, PublicationSource, Reaction, ReferenceChemical, 
ReferenceEntity, ReferenceGene, ReferenceProtein, ReferenceRNA, 
ReferenceSequence, Regulation, Regulator, SmallMoleculeEntity, Summation, 
Taxon. 

¥ listPathwayParticipants  

List all EventEntity objects that participate in the specified Pathway. The returned 
EventEntity objects are proxies. The passed type should be Pathway in the 
namespace, http://www.reactome.org/caBIOWebApp/schema. 

¥ listPathwayParticipantsForId  

List all EventEntity objects that participate in the Pathway that is specified by id. The 
returned EventEntity objects are proxies. The type of id is xsd:long. 

¥ listTopLevelPathways  

List all top level pathways in the database. A top level pathway is not contained by 
other pathways in the event hierarchy. The Pathway objects are proxies in the 
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returned list. 

¥ loadPathwayForId  

Load all properties for a Pathway that is specified by id. All pathways and reactions 
contained by this Pathway will be loaded recursively too. 

¥ loadPathwayForObject  

Load all properties for a specified Pathway. All pathways and reactions contained by 
this Pathway will be loaded recursively too. 

¥ queryById  

Query for an object for the specified id. The type of id is xsd:long. The returned 
object should have all its properties filled. However, the objects referred by the 
returned object might not have their properties filled. 

¥ queryByIds 

Query for a list of objects by passing a list of ids. The type of ids is ArrayOfLong in 
the namespace, http://www.reactome.org/caBIOWebApp/schema. The returned 
object should have all its properties filled. However, the objects referred by the 
returned object might not have their properties filled. 

¥ queryByObject  

Query for an object for the specified object. The returned object should have all its 
properties filled. However, the objects referred by the returned object might not have 
their properties filled. 

¥ queryByObjects 

Query for a list of objects by passing a list of objects. The returned objects should 
have all of their properties filled. However, the objects referred by the returned 
objects might not have their properties filled. 

¥ queryPathwaysForEntities  

Query for a list of Pathway objects by specifying an array of EventEntity objects. The 
returned Pathways should contain the passed EventEntity objects. All passed 
EventEntity objects should be in the database. Otherwise, an exception will be 
returned. 

Note: Maybe not all of the passed EventEntity objects are contained by the returned 
Pathway objects. 

¥ queryPathwaysForEntityIds  

Query for a list of Pathway objects by specifying an array of EventEntity ids. The type 
of ids is ArrayOfLong in the name space, 
http://www.reactome.org/caBIOWebApp/schema. The returned Pathways should 
contain some, maybe not all of the passed EventEntity objects specified by ids. All 
ids should be contained by the database. Otherwise, an exception will be returned. 

Note: Maybe not all of the passed EventEntity objects specified by ids are contained 
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by the returned Pathway objects. 

¥ queryPathwaysForReferenceIdentifiers 

Query for a list of Pathway objects by specifying a list of identifiers for genes, 
proteins, and others. The returned Pathway objects should contain the passed 
identifiers. 

Note: Maybe not all of the passed identifiers for genes, proteins are contained by the 
returned Pathway objects. 
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Chapter 5 Simple Queries 
 

This chapter provides examples for some simple queries to fetch data from the Reactome WS 
server. It includes the following topics: 

 

1. Using JUnitTest for functional testing on this page 
2. Creating a Call object on this page 
3. Querying pathways using UniProt identifiers on page 21 
4. Generating SVG diagrams for pathways on page 23 
5. Outputting pathways into BioPAX level 2 format on page 24 

 

5.1 Using JUnitTest for Functional Testing  

 
JUnitTest is a Java unit testing framework (http://www.junit.org). Eclipse has built-in 
support to JUnit based testing. The user can create a JUnitTest class by subclassing to 
class junit.framework.TestCase. All public methods in the extended class can be invoked 
by using Popup Menu Run As  > JUnit Test  after selected. Using JUnitTest in Eclipse 
speeds up testing a lot by avoiding creating or modifying the main(String[]) method. In 
this chapter and the following chapter, we use JUnitTest for our code examples. 

 

Create a Testing Example 

Figure 5.1 is a code snippet to create a TestCase class for our examples. In this snippet, 
a String constant for the URL of this caBIOService and a Service object for caBIOServer 
are defined. org.apache.axis.client.Service in Apache Axis is a class used as the starting 
point for access SOAP Web Services. Please see JavaDoc from Axis for details 
(http://ws.apache.org/axis/java/apiDocs/index.html). 

 

 
 
5.2 Creating a Call Object  

 
Class Call in package org.apache.axis.client from Apache Axis provides support for the 
dynamic invocation of a service endpoint. This class should be used to actually invoke 
the Web Service (http://ws.apache.org/axis/java/apiDocs/index.html). Figure 5.2 
provides the code snippet showing how to create a Call object using Service object. 
Service Object caBIOService is lazy-initialized in this method. Class QName represents 
the value of a qualified name, which should contain a namespace URL, a local part and 

Figure 5.1 Using junit.framework.TestCase in the JUnit framework for our query examples. 
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a prefix. In this snippet, the String constant SERVICE_URL_NAME, which is defined 
previously, is used as the namespace URL, and ÒcaBIODomainWSEndPointServerÓ or 
ÒcaBIOServiceÓ is used as the local part. Prefix is not defined for both QName objects. 

 

 

 

 

 

 

 

 

 

SOAP is an XML based message exchange protocol between the client and the server. 
To make a successful call from the client to the server, XML messages and appropriated 
Java classes have to be converted each other. This converting, which is called 
serializing (from Java to XML) and deserializing (from XML to Java), can be handled 
automatically by the Axis client API. However, to use this auto-converting feature, Java 
classes have to register to the generated Call object. Figure 5.3 shows several examples 
illustrating how to register Java classes. The first two registrations are for two 
Exceptions: InstanceNotFoundException in package org.reactome.servlet is 
corresponding to XML Schema type InstanceNotFoundException in the namesapce 
http://www.reactome.org/caBIOWebApp/schema, and ReactomeRemoteException to 
ReactomeRemoteException. JavaBeans based serializing and deserializing are using 
for their converting. See the source code 
(http://www.reactome.org:8080/caBIOWebApp/docs/WSUnitTest.java) for other type 
registrations. 

 

 

 

Figure 5.2 Using junit.framework.TestCase in JUnit framework for our query examples 

Figure 5.3 Registering Java classes and XML types to the Call object for automatic 
serialization/deserialization. 
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5.3 Querying Pathways Using UniProt  Accession IDs 

 
Operation queryPathwaysForReferenceIdentifiers  can be used to fetch 
Pathway objects from the WS server based on database identifiers used in external 
catalogue databases, such as NCBI, Ensebml, and UniProt. In this section, Pathway 
objects will be queries based on three UniProt accession ids. The returned Pathways 
should have participating EventEntities that refer to the passed UniProt identifiers via 
ReferenceEntities.  
 

Querying Pathways  

Figure 5.4 is the method for this query. Three UniProt identifiers, Q9Y266 
(NUDC_HUMAN, Nuclear migration protein nudC), P17480 (UBF1_HUMAN, Nuclear 
transcription factor 1) and P20248 (CCNA2_HUMAN, Cycling-A2), are wrapped in a 
String array, which is passed as the argument to the Call object. The Call object is used 
for the operation queryPathwaysForReferenceIdentifiers . 

 

 

 

 

 

 

 

Outputting Query Results  

The returned Pathway objects are displayed by using Java Reflection mechanism to 
print out JavaBeans properties in a generic way. Figure 5.5 shows two methods for this 
purpose. The first method calls the second method and the second method does the 
actual heavy-lifting, printing out readable JavaBeans properties.  
 

 

 

 

 

 

 

 

 

 

Figure 5.4 Querying pathways for three UniProt accession IDs. 

Figure 5.5 Outputting the query results using Java Reflection. 
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The following box lists partial output for the query result returned by the method 
outputArray(Object[]) from figure 5.5. The returned result indicates that there are two 
pathways that contain EventEntities referring to some of the passed UniProt accession 
identifiers.  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Since the method name queryPathwaysForReferenceIdentifiers  starts with 
query, properties in the returned objects are loaded. You should be able to see Events 
listed under properties hasComponent, and orthologousEvent. To save space, these 
Events are not listed here. Please refer to the previous chapter for the detailed 
descriptions for all operations. 

Note: To find the actual EventEntities referring to UniProt accession identifiers, both 
Pathways objects have to be loaded fully by calling operation loadPathwayForId  or 
loadPathwayForObject , and then be traversed for all participating EventEntities 
and their ReferenceEntities. Or operation listPathwayParticipants  or 
listPathwayParticipantsForId  should be called, and returned proxy objects 
should be queried for ReferenceEntities. 

 

Pathway for a list of identifiers: 2  

 

class org.reactome.cabig.domain.Pathway - > 69278: Cell Cycle, 
Mitotic  

hasComponent: ÉÉ  

compartment: null  

literatureReference: null  

species: 48887: Homo sapiens  

summation: [69280: null]  

goBiologicalProcess: 4802: mitotic cell cycle  

inferredFrom: null  

orthologousEvent: ÉÉ  

precedingEvent: null  

evidenceType: Cell Cycle, Mitotic  

name: Cell  Cycle, Mitotic  

id: 69278  

class: class org.reactome.cabig.domain.Pathway  

 

class org.reactome.cabig.domain.Pathway - > 74159: Transcription  

ÉÉ 
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5.4 Generating SVG Diagrams for Pathways  

 
The Reactome WS API provides an operation to generate SVG diagrams for Pathway 
objects by using AT&T Graphviz (http://www.graphviz.org) auto-layout algorithm. Two 
operations are provided for this purpose, generatePathwayDiagramInSVG  and 
GeneratePathwayDiagramInSVGForId . The first operation takes a Pathway 
object as the sole argument, and the second uses a long for Pathway id. 

Figure 5.6 is a method to generate a SVG diagram for Pathway Mitotic Cell Cycle in 
human, whose id is 69278. A proxy Pathway object with id defined is created to be 
passed as the parameter for the operation generatePathwayDiagramInSVG . The 
returned SVG String is saved into a local file, MitoticCellCycle.svg . 

 

 

 

 

 

 

 

   

 

 

The generated SVG diagram can be opened in a web browser if a SVG plug-in is 
installed for the browser. A SVG plug-in can be downloaded from AdobeÕs web site 
(http://www.adobe.com/svg/). Figure 5.7 shows a part of diagram opened in FireFox with 
Adobe SVG plug-in installed. 

 

 

 

 

 

 

 

 

 

Figure 5. A method to generate a SVG diagram for a Pathway object. 
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5.5 Outputting Pathways into the BioPAX Level 2 Format  

BioPAX (Biological Pathway Exchange) is an emerging, OWL-based standard for 
biological pathway exchange among different databases. BioPAX is becoming a 
standard for biological pathways for the caBIG project. For details about BioPAX, please 
see http://www.biopax.org. Reactome can export Pathways and Reactions into the 
BioPAX level 2 format, which is the current stable release. The Reactome WS API 
provides one operation to export Pathways and Reactions into BioPAX, 
getBioPAXModel . Operation getBioPAXModel  accepts a long, which should be 
the id for a Pathway or Reaction, and returns BioPAX for the Pathway or Reaction in 
string object. 

Note: The service address and name for BioPAX exporting are different from other 
operations introduced in this UserÕs Guide. 

Figure 5.8 lists a method showing how to output a Pathway into the BioPAX format. In 
this method, a default Service object is created to generate an empty Call object. The 
service address URL is used as the target end point address. The empty Call object is 
filled with the service URL for the target end point address, the operation name, 
getBioPAXModel , in  the QName format, XSD_Long as the parameter type, and 

Figure 5.7 A SVG diagram for Pathway Mitotic Cell Cycle in human is opened in FireFox. 
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XSD_String as the return type. The call is invoked with the id of Pathway Mitotic Cell 
Cycle, 69278L. The returned BioPAX is in a String object and saved into an external file, 
MitoticCellCycle.owl . 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
The returned BioPAX can be opened in Cytoscape, a popular Java-based, biological 
network visualization tool (http://www.cytoscape.org). To open a BioPAX file in 
Cytoscape, a BioPAX plug-in, which can be downloaded from 
http://cbio.mskcc.org/cytoscape/plugins/biopax/, should be installed first. Figure 5.9 
shows part of the returned MitoticCellCycle.owl opened in Cytoscape. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.8 A method to output a Pathway into the BioPAX format. 

Figure 5.9 Pathway MitoticCellCycle in BioPAX format opened in Cytoscape. 
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Chapter 6 A Comprehensive Example 
 

In this last chapter of the Guide, a comprehensive example to use this Reactome WS API is 
provided. In this example, Pathway objects will be queried for a list of MGI identifiers, and 
participants in the returned Pathway objects will be fetched. The topics in this chapter include: 

 

1. Requirement descriptions for the example on this page 

2. Initializing the query 

3. Querying ReferenceProteins 

4. Querying EventEntities 

5. Querying Pathways 

6. Querying Pathway participants 

7. Querying Results 

 

6.1 Requirement Descriptions  

In this comprehensive example, we will try to meet the following requirements: 

¥ Given a list of identifiers in MGI (mouse Genome Informatics), find ReferenceProtein 
objects using these identifiers. 

¥ Query EventEntities using these ReferenceProteins as values of the referenceEntity 
property.  

¥ Query Pathways with these EventEntities participating.  

¥ Get a list of EventEntity participants for each Pathway object. 

 

6.2 Initializing the query  

A dumb method called testComprehensiveExample  is created for this chapter in 
Figure 6.1. eleven database identifiers from  MGI (http://www.informatics.jax.org) are 
wrapped in a String array, and three Call objects, listByQuery , 
queryPathwaysForEntitiesIds , and l istPathwayParticipantsForId  
are created. 
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Note: In the Reactome knowledgebase, Events (Pathways and Reactions) in homo 
sapiens are human curated, while Events in other species are predicated by using 
protein ortholog groupings generated from OrthoMCL project 
(http://orthomcl.cbil.upenn.edu/) with human Events as the references.  

6.3 Querying ReferenceProteins  

After three Call objects are created, a for loop is used to iterate through each MGI 
identifier. In the loop, as the first step, all ReferenceProteins whose relatedIdentifiers 
properties are the provided MGI identifier are queried. If nothing is returned, the loop 
simply iterates to the next id in the identifiers array. 

 

6.4 Querying EventEntities  

The returned ReferenceProtein objects are used to query GenomeEncodedEntity 
objects whose referenceEntity properties should be the returned ReferenceProtein 
objects. A java.util.HashSet is used to hold all returned GenomeEncodedEntities to 
avoid duplication.  

Figure 6.1 Start the example by creating a method, wrapping MGI ids and 
generating three Call objects. 

Figure 6.2 Query ReferenceProtein using MGI id for property relatedIdentifiers in 
ReferenceProtein class. 
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6.5 Querying Pathways  

The returned GenomeEncodedEntities are used to query Pathways where these 
GenomeEncodedEntities participate. To decrease the burden of serializing/deserializing 
objects, ids from these GenomeEncodedEntities are extracted into a long array, which is 
used as the sole parameter to query Pathways. 

 

 

 

 

 

6.6 Querying Pathway Participants  

Two operations are provided to query pathway participants, 
listPathwayParticipantsFo rId  and listPathwayParticipants . Both 
operations return a list of EventEntities that participate in the Pathway specified as the 
operation parameter.  

 

 

 

 

 

 

Note: Whenever possible, use ids as the query parameters to increase the performance 

Figure 6.3 Query GenomeEncodedEntities using the returned ReferenceProtein from Figure 
6.2 for referenceEntity property. 

Figure 6.4 Query Pathways using the GenomeEncodeEntity IDs from Figure 6.3. 

Figure 6.5 Query participants for Pathways returned from Figure 6.4. 
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of serializing/deserializing. 
 

6.7 Querying Results  
Only two MGI identifiers, NM_010578 and NM_008212, are used in the current 
Reactome release. The following is the output from running this test method in Eclipse: 

 

ID: NM_010578   

Collagen adhesion via alpha 2 beta 1 glycoprotein: 6  

    180988: Homologues of Collagen alpha 1(I) chain precursor [extracellular region]  

    180997: Homologues of Collagen alpha 1(I) chain precursor [plasma membrane]  

    114632: Mag nesium [extracellular region]  

    140344: Magnesium [plasma membrane]  

    180993: P09055 [plasma membrane]  

    180991: Q8CB84 [plasma membrane]  

ID: NM_008212   

mitochondrial fatty acid beta - oxidation of saturated fatty acids: 44  

    77251: (S) - 3- Hydroxybuta noyl - CoA [mitochondrial matrix]  

    77252: (S) - 3- Hydroxydodecanoyl - CoA [mitochondrial matrix]  

    77300: (S) - 3- Hydroxyhexadecanoyl - CoA [mitochondrial matrix]  

    77276: (S) - 3- Hydroxytetradecanoyl - CoA [mitochondrial matrix]  

    77341: (S) - Hydroxydecanoyl - CoA [mitochondrial matrix]  

    77322: (S) - Hydroxyhexanoyl - CoA [mitochondrial matrix]  

    77330: (S) - Hydroxyoctanoyl - CoA [mitochondrial matrix]  

    77255: 2 - trans - Dodecenoyl - CoA [mitochondrial matrix]  

    77339: 3 - Oxodecanoyl - CoA [mitochondrial matrix]  

    77 253: 3 - Oxododecanoyl - CoA [mitochondrial matrix]  

    77320: 3 - Oxohexanoyl - CoA [mitochondrial matrix]  

    77328: 3 - Oxooctanoyl - CoA [mitochondrial matrix]  

    77302: 3 - Oxopalmitoyl - CoA [mitochondrial matrix]  

    77269: 3 - Oxotetradecanoyl - CoA [mitochondrial ma trix]  

    113559: Acetyl - CoA [mitochondrial matrix]  

    77318: Butanoyl - CoA [mitochondrial matrix]  

    29374: CoA [mitochondrial matrix]  

    77313: Crotonoyl - CoA [mitochondrial matrix]  

    77308: Decanoyl - CoA [mitochondrial matrix]  

    113596: FAD [mitocho ndrial matrix]   

    31649: FADH2 [mitochondrial matrix]  
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    113529: H+ [mitochondrial matrix]  

    113521: H2O [mitochondrial matrix]  

    77326: Hexanoyl - CoA [mitochondrial matrix]  

    181154: Homologues of 2 - methyl branched chain acyl - CoA dehydrogenase, 
apoenzyme [mitochondrial matrix]  

    186353: Homologues of Acyl - CoA dehydrogenase, very - long - chain specific, 
mitochondrial precursor  [mitochondrial matrix]  

    77261: Lauroyl - CoA [mitochondrial matrix]  

    113526: NAD+ [mitochondrial matrix]  

    29362: NADH  [mitochondrial matrix]  

    77337: Octanoyl - CoA [mitochondrial matrix]  

    183198: P45952 [mitochondrial matrix]  

    185609: P51174 [mitochondrial matrix]  

    179425: Q61425 [mitochondrial matrix]  

    179855: Q8BH95 [mitochondrial matrix]  

    179432: Q99JY 0 [mitochondrial matrix]  

    179430: Q9DBM2 [mitochondrial matrix]  

    73871: acetoacetyl - CoA [mitochondrial matrix]  

    77272: myristoyl - CoA [mitochondrial matrix]  

    77281: palmitoyl - CoA [mitochondrial matrix]  

    77343: trans - Dec- 2- enoyl - CoA [mitochond rial matrix]  

    77324: trans - Hex- 2- enoyl - CoA [mitochondrial matrix]  

    77284: trans - Hexadec - 2- enoyl - CoA [mitochondrial matrix]  

    77332: trans - Oct - 2- enoyl - CoA [mitochondrial matrix]  

    77273: trans - Tetradec - 2- enoyl - CoA [mitochondrial matrix]  

Lysine cat abolism: 38  

    77251: (S) - 3- Hydroxybutanoyl - CoA [mitochondrial matrix]  

    29406: 2 - Oxoglutarate [cytosol]  

    113594: 2 - Oxoglutarate [mitochondrial matrix]  

    69998: 4 - carboxy - 1- hydroxybutyl - TPP [mitochondrial matrix]  

    29376: CO2 [mitochondrial matri x]  

    29374: CoA [mitochondrial matrix]  

    77313: Crotonoyl - CoA [mitochondrial matrix]  

    30397: Dihydrolipoamide [mitochondrial inner membrane]  

    113596: FAD [mitochondrial matrix]  

    31649: FADH2 [mitochondrial matrix]  
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    113529: H+ [mitochondrial  matrix]  

    113521: H2O [mitochondrial matrix]  

    113556: L - 2- Aminoadipate 6 - semialdehyde [mitochondrial matrix]  

    31007: L - 2- Aminoadipate [cytosol]  

    29404: L - Glutamate [cytosol]  

    113552: L - Glutamate [mitochondrial matrix]  

    29444: L - Lysine [mi tochondrial matrix]  

    29824: Lipoamide [mitochondrial inner membrane]  

    30176: N6 - (L - 1,3 - Dicarboxypropyl) - L- lysine [mitochondrial matrix]  

    113526: NAD+ [mitochondrial matrix]  

    29362: NADH [mitochondrial matrix]  

    113563: NADP+ [mitochondrial ma trix]  

    113600: NADPH [mitochondrial matrix]  

    179684: O08749 [mitochondrial matrix]  

    179976: Q60597 [mitochondrial matrix]  

    185064: Q60759 [mitochondrial matrix]  

    179425: Q61425 [mitochondrial matrix]  

    179855: Q8BH95 [mitochondrial matrix]  

    185705: Q99K67 [mitochondrial matrix]  

    179982: Q9D2G2 [mitochondrial matrix]  

    181097: Q9WVM8 [cytosol]  

    70006: S - glutaryldihydrolipoamide [mitochondrial matrix]  

    113547: Thiamin diphosphate [mitochondrial inner membrane]  

    73871: acetoac etyl - CoA [mitochondrial matrix]  

    113577: alpha - ketoadipate [cytosol]  

    70951: alpha - ketoadipate [mitochondrial matrix]  

    71045: crotonyl - CoA [mitochondrial matrix]  

    70955: glutaryl - CoA [mitochondrial matrix]  
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Appendix A  Classes in the Reactome 
WS API 

This appendix lists four UML diagrams that describe all classes used by this WS API. 
The description of each class is listed in the second section. Properties for each class 
are listed in the third section. 

UML Class Diagrams  
 

Four class diagrams are displayed here. 

Event Diagram : classes used to describe biological events are illustrated in this 

diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.1: UML Class Diagram for Event Classes. 
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EventEntity Diagram : classes used to describe biological event participants are 
illustrated in this diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.2: UML Class Diagram for EventEntity Classes. 
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ReferenceEntity Diagram: classes used to describe external database records 
are illustrated in this diagram. 

 

 

Figure A.3: UML Class Diagram for ReferenceEntity Classes. 
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Regulation Diagram : classes used to describe objects that regulate Reactions are 
illustrated in this diagram. 
 

Figure A.4: UML Class Diagram for Regulation Classes. 

 

Class Descriptions  

This section lists descriptions for all classes used in this Reactome WS API.  

Note: classes from the caBIO data model (packages gov.nih.nci.common.domain, 
gov.nih.nci.common.provenance and gov.nih.nci.cabio.domain) are not listed here. 

CatalystActivity : An activity that can increase the rate of a Reaction by lowering 
the activation energy. This activity should be carried out by an EventEntity. 
  
Complex: An event entity that is comprised of more than one other EventEntities. The 
components of a Complex should bind together via non-covalent interactions. 
 
Event: Any biological process in which input entities are converted to output entities in 
one or more steps. 
 
EventEntity:  An entity with a physical structure that participates in one or more 
events. An EventEntity can be a small molecule, protein, nucleic acid, complex, or even 
electron or photon. 
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EventEntitySet:  A set of EventEntities that have the same or similar functions in one 
or more Events. 
 
EventSet: A set of Events (Pathways or Reactions) that accomplish the same or 
similar things. 
 
GenomeEncodedEntity: An event entity whose structure is coded in a genome 
sequence. A GenomeEncodedEntity should be a protein, DNA or RNA. 
 
ModifiedResidue: A class that is used to represent a specific modification of a 
residue in a GenomeEncodedEntity. A modification is carried out by simple chemical 
entities on a residue at a specific position. 
 
Pathway:  A set of events that are grouped together as a functional unit or for 
organizational purpose only. 
 
Poly mer: An event entity that consists of repeated units. 
 
Reaction: A single step event in which one or more entities are physically transformed 
to one or more other entities. 
 
ReferenceChemical: A ReferenceEntity that is used to annotate 
SmallMoleculeEntity.  
 
ReferenceEntity: An entity record in an external database that is used to annotate 
EventEntity. 
 
ReferenceGene: A ReferenceEntity that is used to annotate protein or RNA 
GenomeEncodedEntity or ReferenceRNA.   
 
ReferenceProtein: A ReferenceEntity that is used to annotate protein 
GenomeEncodedEntity. 
 
ReferenceRNA: A ReferenceEntity that is used to annotate RNA 
GenomeEncodedEntity. 
 
ReferenceSequence: A ReferenceEntity that is used to annotate 
GenomeEncodedEntity. 
 
Regulation:  Events and CatalystActivities may be regulated by other Events, 
PhysicalEntities, CatalystActivities. Regulation may be positive (if the Regulator 
facilitates an Event/increases a CatalystActivity), negative (if the Regulator inhibits an 
Event/decreases CatalystActivity). 
 
RegulationT ype: type of regulation. Currently there are three types: POSITIVE, 
NEGATIVE, and REQUIRED. 
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Regulator: An object that can regulate an Event positively or negatively. A Regulator 
can be an EventEntity or CatalystActivity. 
 
SmallMoleculeEntity:  A chemical that participates in one or more events. The 
structure of SmallMoleculeEntity is not determined by a genome sequence. 
 
Summation: A text description with a list of published literature references attached 
to support this description. 

Class Properties 

The following table lists all properties for classes in the Reactome WS API. Properties 
for classes in the caBIO data model are not listed here. Please refer to caBIO 
documents for their descriptions. 

 
Class Property 

Name 
Property Type  Property 

Mult iplicity  
Property Description  

activeUnit EventEntity 0..* a list of EventEntities that 
play the actual activity role. 
An activeUnit should be a 
part of EventEntity provided 
in the property 
physicalEntity. 

activity GeneOntology1 0..1 A GeneOntology that is 
used to annotate the 
CatalystActivity. 

id long 1 an internal database 
identifier. 

literatureReferen
ce 

PublicationSource1 0..* a list of published literature 
references that are used to 
support the CatalystActivity 
annotation. 

name String 0..1 A short String 

CatalystActivity 

physicalEntity EventEntity 0..1 an EventEntity that bears 
the activity.  

hasComponent EventEntity 0..* a list of EventEntities that 
bind together via non-
covalent interactions to form 
the Complex. 

Complex 

stoichiometry Map2 0..1 a map to store 
stoichiometries about 
components in the 
Complex. 

Class Property Property Type  Property Property Description  
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Name Multiplicity  

compartment GeneOntology1 1 a cellular location (e.g. 
cytosol) where the Event 
occurs. 

evidenceType String 0..1 type of evidence to support 
the Event. 

goBiologicalProc
ess 

GeneOntology1 0..1 a link to Gene Ontology 
term that is used to 
annotate the Event 

inferredFrom Event 0..1 another Event that is used 
to create the Event. This 
first Event usually should 
occur in another organism. 

id long 1 an internal database 
identifier 

literatureReferen
ce 

PublicationSource1 0..* a list of published literature 
references to provide 
evidence for the Event. 

name String 0..1 A short String 

orthologousEve
nt 

Event 0..* Events that have same or 
similar functions but occur 
in other organisms. 

precedingEvent Event 0..* another Event that occurs 
preceding the Event 
causally or temporally. 

species Taxon1 1 a biological species where 
the Event occurs. 

Event 

summation Summation 0..* text descriptions supported 
by literature references 

compartment GeneOntology1 0..1 a cellular location (e.g. 
cytosol) where the 
EventEntity exists. 

crossReference DatabaseCrossRef
erence1 

0..* a list of records in one or 
more external databases 
that are used to annotate 
the EventEntity. 

EventEntity 

id long 1 an internal database 
identifier 
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Class Property 
Name 

Property Type  Property 
Multiplicity  

Property Description  

literatureRefer
ence 

PublicationSourc
e 

0..* a list of published 
literature references to 
provide evidences about 
the EventEntity 

name String 0..1 a short String 

 

species Taxon1 0..1 a biological species 
where the EventEntity 
exists. 

hasMember Event 2..* a list of Event objects that 
have same or similar 
functions in a cell or cells. 

EventSet 

isMemberSwitch
able 

boolean 0..1 a boolean flag to indicate if 
all Event instances in the 
hasMember list are 
equivalent in functions and 
replaceable in a biological 
process. 

endCoordinate int 0..1 the end position in the 
sequence for the 
GenomeEncodedEntity. 
Default -1 means the 
natural end of the 
sequence. 

hasModifiedResi
due 

ModifiedResidue 0..* a list of ModifiedResidues 
the GenomeEncodedEntity 
has. 

referenceEntity ReferenceSequenc
e 

0..1 a ReferenceSequence in an 
external database that is 
used to annotate the 
GenomeEncodedEntity. 

GenomeEnco
dedEntity 

startCoordinate int 0..1 the start position in the 
sequence for the 
GenomeEncodedEntity. 
The default is 0. 

coordinate int 0..1 the position where a 
modification occurs. 

ModifiedResid
ue 

id Long 1 an internal database 
identifier. 

Class Property Property Type  Property Property Description  
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Name Multiplicity  

modification ReferenceChemical 0..1 a ReferenceChemical 
attached to make a change 
to the chemical structure of 
the residue 

name String 0..1 a short String 

 

residue ReferenceChemical 0..1 a ReferenceChemical 
where a modification 
occurs. 

Pathway hasComponent Event 0..* a list of Events contained by 
the Pathway. 

maxUnitCount Map2 0..1 the maximum occurrence of 
the repeatUnit. 

minUnitCount Map2 0..1 the minimum occurrence of 
the repeatUnit. 

Polymer 

repeatUnit EventEntity 0..* a list of EventEntity objects 
that the Complex is 
comprised of. 

catalystActicity CatalystActivity 0..* an activity that can increase 
the rate of a Reaction by 
lowering down the 
activation energy. This 
activity should be carried 
out by an EventEntity. 

input EventEntity 0..* a list of EventEntities that 
are transformed to other 
EventEntities in the 
Reaction. 

InputStoichiomet
ry 

Map2 0..1 a map containing 
information about 
stoichiometries for inputs. 

output EventEntity 0..* a list of EventEntities that 
are transformed from other 
EventEntities in the 
Reaction. 

outputStoichiom
etry 

Map2 0..1 a map containing 
information about 
stoichiometries for outputs. 

Reaction 

regulation Regulation 0..* Regulation objects that 
regulate the Reaction 
positively or negatively 

Class Property 
Name 

Property Type  Property 
Multiplicity  

Property Description  
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formula String 0..1 a String to describe the 
structure and composition 
of the ReferenceChemical. 

referenceGroup ReferenceChemical 0..* a list of 
ReferenceChemicals that 
comprise the 
ReferenceChemical 

referenceGroup
MaxCount 

Map2 0..1 a map to describe the 
maximum occurrence for 
ReferenceGroups that 
comprise the 
ReferenceChemical. 

ReferenceChe
mical 

referenceGroup
MinCount 

Map2 0..1 a map to describe the 
minimum occurrence for 
ReferenceGroups that 
comprise the 
ReferenceChemical 

crossReference DatabaseCrossRef
erence 

0..* a list of records in other 
databases that are used to 
annotate the 
ReferenceEntity. 

id long 1 an internal database 
identifier 

identifier String 1 Identifier in the external 
reference database. 

name String 0..1 a short String 

ReferenceEntit
y 

referenceDataba
se 

String 1 the name of the external 
database 

ReferenceProt
ein 

relatedIdentifiers String 0..* A list of identifiers in 
external databases that are 
related to the 
ReferenceProtein. 

ReferenceRN
A 

referenceGene ReferenceGene 0..1 a ReferenceGene that is the 
gene for the 
ReferenceRNA. 

Regulation id Long 1 an internal database 
identifier. 

Class Property 
Name 

Property Type  Property 
Multiplicity  

Property Description  

 literatureReferen PublicationSource1 0..* a list of published literature 
references to provide the 
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ce evidence about the 
Regulation. 

name String 0..1 a short String 

regulationType RegulationType 1 the type of the Regulation. It 
should be one of 
POSITIVE, NEGATIVE or 
REQUIREMENT. 

regulator Regulator3 1 an object that regulates a 
Reaction. The Regulator 
can be an EventEntity, 
Event or a CatalystActivity. 

summation Summation 0..* text descriptions supported 
by literature references 

id long 1 an internal database identity 

literatureReferen
ce 

PublicationSource 0..* a list of published literature 
references to support the 
text description. 

Summation 

text String 1 text description 

 

Notes:   

1. Classes from the caBIO data model in package gov.nih.nci.cabio.domain, 
gov.nih.nci.common.domain, or gov.nih.nci.common.provenance. 

1. 2. Classes in package java.util. 

3. An interface that is implemented by Event, EventEntity and CatalystActivity.  



Reactome Data Sharing Web Services API UserÕs Guide 

  48 

 



 

 49  

 

Appendix B URL Resources 
 

The following is a list of URLs that are related to this Reactome Web Services API. 

 

1. Axis: http://ws.apache.org/axis/ 

2. BioPAX: http://www.biopax.org 

3. caBIG Project: https://cabig.nci.nih.gov/ 

4. caBIG Reactome Data Sharing project: 
http://gforge.nci.nih.gov/projects/reactome/ 

5. caCORE 3.0 Technical Guide: 
ftp://ftp1.nci.nih.gov/pub/cacore/caCORE3.0_Tech_Guide.pdf 

6. Cytoscape: http://www.cytoscape.org/ 

7. Eclipse: http://www.eclipse.org 

8. Eclipse Web Tool Project: http://www.eclipse.org/webtools/ 

9. Java Bean Specification: http://java.sun.com/products/javabeans/docs/spec.html 

10. Java Programming: http://java.sun.com/docs/books/tutorial/index.html 

11. JUnit: http://www.junit.org/ 

12. MGI: http://www.informatics.jax.org 

13. SOAP Specification: http://java.sun.com/docs/books/tutorial/index.html 

14. SVG: http://www.w3.org/Graphics/SVG/ 

15. Reactome project: http://www.reactome.org 

16. UML: http://www.uml.org 

17. UniProt: http://www.uniprot.org 

18. WSDL Specification: http://www.w3.org/TR/wsdl 

19. XML Specification: http://www.w3.org/TR/REC-xml/ 
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Appendix C Acronyms 
The following is the acronyms used in this guide: 

Acronym  Full Name  

API Application Programming Interface 

BioPAX Biological Pathway Exchange Format 

caBIO The Cancer Bioinformatics Infrastructure Objects 

caBIG The Cancer Biomedical Informatics Grid 

IDE Integrated Development Environment 

JDK Java Development Kit 

JVM Java Virtual Machine 

MGI Mouse Genome Informatics  

OOP Object Oritented Programming 

SOAP Simple Object Access Protocol 

SVG Scalable Vector Graphics 

UML Unified Modeling Language 

UniProt Universal Protein Resource 

URL Uniform Resource Locator 

WS Web Services 

WSDL Web Services Description Language 

XML Extensible Markup Language 
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