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Summary

Crop plants play a major role in human and animal nutrition and increasingly contribute to
chemical or pharmaceutical industry and renewable resources. In order to achieve impor-
tant goals, such as the improvement of growth or yield, it is indispensable to understand
biological processes on a detailed level. Therefore, the well-structured management of
fine-grained information about metabolic pathways is of high interest. Thus, we developed
the MetaCrop information system, a manually curated repository of high quality informa-
tion concerning the metabolism of crop plants. However, the data access to and flexible
export of information of MetaCrop in standard exchange formats had to be improved. To
automate and accelerate the data access we designed a set of web services to be inte-
grated into external software. These web services have already been used by an add-on
for the visualisation toolkit VANTED. Furthermore, we developed an export feature for the
MetaCrop web interface, thus enabling the user to compose individual metabolic models
using SBML.

1 Introduction

Crop plants are a main source for human and animal nutrition. Furthermore, they increasingly
contribute to chemical or pharmaceutical industry and renewable resources [1, 2, 3, 4]. In order
to advance the comprehension of complex biological processes occurring in crop plants on a
detailed level (e.g. for improvement of growth or yield), it is of high interest to reconstruct
detailed metabolic models. Therefore, detailed metabolic information up to cell compartment
level needs to be collected and managed in a well-structured way. On this account we developed
the MetaCrop information system [5].

MetaCrop is a manually curated repository of high quality information concerning the metabo-
lism of seven major crop plants with high agronomical importance and two model plants widely
used in plant research. This comprises pathway diagrams, reactions, locations, transport pro-
cesses, reaction kinetics, taxonomy and literature (Tab. 1). The web interface, available at
http://metacrop.ipk-gatersleben.de , supports an easy exploration of the infor-
mation from overview pathways to single reactions and therefore helps users to understand the
metabolism of crop plants.

* To whom correspondenceshould be addressed. Email: weise@ipk-gatersleben.de
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Table 1: Overview of information contained in MetaCrop

Organism Pathways Reactions Transporters Compartments References
Hordeum vulgare 36 293 8 5 391
Triticum aestivum 34 273 6 5 365
Oryzasativa 35 281 9 4 355
Zeamays 35 276 27 5 392
Solanumtuberosum 34 211 14 3 272
Brassica napus 32 170 7 4 206
Betavulgaris 35 228 — 4 366
Arabidopsis thaliana 35 289 15 4 525
Medicago truncatula 34 239 — 4 337
total 38 394 60 5 1100

Together withevery conversion element (reaction or translocation) managed in MetaCrop, fine-
grained information can be stored. This includes reaction or translocation type, formula, syn-
onyms, EC numbers, literature references and also kinetic data, such asVmax values, affinity or
inhibitor constants. Moreover, all this information is assigned to the compartment the respec-
tive element is located in, thus considering that conversions take place at different locations
inside an organism depending on the developmental state and environmental effects. Due to
different quality levels, data stored in MetaCrop can be complemented with quality tags. Fur-
thermore, it is possible to store pathway information in different parallel versions. We reckon
that the time-consuming process of manual data curation is indispensable since there are only
a few models for crop plants existing at all.

The main application of MetaCrop is to support mathematical modelling of metabolism, thus
allowing to analyse the structure, dynamics and behaviour of metabolic networks. This enables
to verify and to extend the understanding of complex processes as well as the generation of new
hypotheses and the identification of suitable targets for metabolic engineering by performing
in silico experiments. MetaCrop contains the necessary data in a consolidated manner and
supports the process of model reconstruction by different tools. Subject to the available data,
different model analysis techniques can be applied to the metabolic models, such as purely
stoichiometric or kinetic approaches, respectively. Since there are only a few models for crop
plants existing at all MetaCrop is of high importance for this area of research.

For automating and accelerating the access to the MetaCrop data we developed a set of web
services. The availability of web services ensures a widespread accessibility of the data and
they are also platform independent. This approach offers many advantages for bioinformatics,
which have already been demonstrated in the open source project BioMOBY [6]. These web
services can be used by any application. We developed a new add-on for the pathway visu-
alisation toolkit VANTED (Visualization and Analysis of Networks containing Experimental
Data) [7] which uses these web services. To enable simulation and analysis of metabolic path-
ways, e. g. with software toolkits such as COPASI [8] or FBASimVis [9], it is necessary to
compose individual network models. Therefore, we developed an export functionality applying
the Systems Biology Markup Language (SBML) [10].

This paper is structured as follows. First, we describe the design and implementation of the web
services intended to provide an automated access to the MetaCrop system. Second, we focus
on the development of a VANTED add-on for pathway visualisation and third, we describe the
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compositionof individualmetabolic network models using SBML.

2 Web Services

All relevant information of MetaCrop is available via web services. For each of the five cate-
gories of MetaCrop data (pathway, conversion, substance, taxonomy and publication), an own
web service was developed comprising several methods. Thus, it is easy to integrate new me-
thods for a specific category and the administration of each web service remains simple. The
various methods of every web service conform one of the following categories:

• all information about a single data set,

• all data sets of a MetaCrop category and

• search by a keyword on a specific attribute.

Each of the five web services possesses agetAll-method returning all data sets of the certain
category. With the parameterlimit the result set can be reduced. The methodgetPathwayof
the pathway web service returns data in Systems Biology Graphical Notation (SBGN) [11]
or SBML format, respectively. This data can be used with appropriate applications such as
VANTED. Table 2 illustrates the MetaCrop web services and their methods.

Table 2: Overview of the methods of the MetaCrop web services

Web service Method Input Output
pathway getPathway p. ID p. ID, p. name,SBML, SBGN,

conversion
getAllPathways limit p. ID, p. name
searchPathway p. name p. ID, p. name

conversion getConversion c. ID c. ID, c. name, reversible,
catalysed, formula, pathway,
substance, location, values

getAllConversions limit c. ID, c. name, reversible,
catalysed

searchEcNumber ECnumber c. ID, c. name, reversible,
catalysed

searchConversion c. name c. ID, c. name, reversible,
catalysed

substance getSubstance s. ID s. ID, s. name,type, molecular
mass, formula, CAS number,
EC number, conversion, path-
way, location

getAllSubstances limit s. ID, s. name,type
searchCasNumber CASnumber s. ID, s. name,type
searchSubstance s. name s. ID, s. name,type

To becontinuedon next page
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Continuationof Tab. 2
Web service Method Input Output
taxonomy getTaxonomy t. ID t. ID, NCBI ID, species, cul-

tivar, synonyms, class, order,
family, subfamily, tribe, genus,
conversion, pathway, publica-
tion

getAllTaxonomy limit t. ID, NCBI ID, species, culti-
var

searchCultivar cultivarname t. ID, NCBI ID, species, culti-
var

searchNcbiId NCBI ID t. ID, NCBI ID, species, culti-
var

searchSpecies speciesname t. ID, NCBI ID, species, culti-
var

publication getPublication p. ID p. ID, PubMedID, p. name,
type, substance, conversion

getAllPublications limit p. ID, PubMedID, p. name,
type

searchPublicationType p. type p. ID, PubMedID, p. name,
type

searchPubmedId PubMedID p. ID, PubMedID, p. name,
type

searchPublication p. name p. ID, PubMedID, p. name,
type

Theweb services weredeveloped by means of the open source framework Apache Axis2 v1.4.1
and Java v1.4 using the Application Server OracleAS v10gR2. Apache Axis2 supports the web
service standards SOAP (Simple Object Access Protocol), WSDL (Web Service Description
Language), REST (Representational State Transfer) and MTOM (SOAP Message Transmis-
sion Optimisation Mechanism). Furthermore, it is possible to extend this framework with ad-
ditional modules, so that more functionalities are available. One of these modules is Apache
Rampart. By this extension the Web Services Security standard is available in Apache Axis2.
Particularly, the usability, performance and flexibility are key factors of Apache Axis2. Thus,
the MetaCrop web services were developed with this framework. The communication protocol
SOAP is the main engine of these web services. Figure 1 illustrates the system architecture and
the functionality of the MetaCrop web services.

Connections to the MetaCrop database are realised by a connection pool, thus enabling many
clients to use the web services simultaneously. Also, this approach consumes little system re-
sources only. Interactions between applications and web services are realised by service clients,
which can be generated automatically by the Apache Axis2 framework. All methods essential
for the interaction are available in these service clients. Thus, it gets very convenient for ev-
ery software to get information about any MetaCrop category or any data set of the MetaCrop
database.
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Figure 1: Ar chitecture overview of the MetaCrop web services, which is based on a client-server
architecture and provides the corresponding functionalities. On server-side it comprises an Oracle
Application Server and the MetaCrop database. This application server is the runtime environ-
ment for Apache Axis2, which is essential for the MetaCrop web services. The interaction between
the users and the MetaCrop web services is enabled by the client-side consisting of an application
and a generated service client.

The MetaCrop web services can be accessed athttp://metacrop.ipk-gatersleben.
de/metacrop ws.

3 VANTED Add-on

In order to use the MetaCrop data in conjunction with the visualisation toolkit VANTED an
add-on was developed applying the web services described above. VANTED is an applica-
tion for the visualisation and analysis of networks with related experimental data. Also, data
from large-scale biochemical experiments can be mapped onto a network that is drawn with
VANTED itself, downloaded from the KEGG [12] pathway database or imported using stan-
dard network exchange formats, respectively. VANTED is available athttp://vanted.
ipk-gatersleben.de . Figure 2 shows a screenshot of the MetaCrop add-on.

Any category of MetaCrop has got an own area within this add-on. Thus, it is very convenient
for the user to change between the different categories. The single area has the following four
components:

• search component,

• control component,

• search results and

• detailed information about a single entry.
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Figure 2: MetaCrop add-on for VANTED. Through this expansion all MetaCrop functions and
data are available in VANTED. The right side shows the main area of the add-on with their options
and on the left side the pathway is shown as a graph using SBGN notation.

The respective components use one of the web services of MetaCrop. Thus, for a user it is
quite simple to interact with the system. The search components of the relevant areas have got
several search options. Table 3 lists each category and their search options currently available
via the MetaCrop add-on.

Table 3: Overview of information contained in MetaCrop

Category Searchoption
pathway name
conversion name,

EC number
substance name,

CAS number
taxonomy cultivar,

NCBI ID,
species

publication publication,
publicationtype,
PubMedID

Furthermore,this add-on identifiesand displays the relationships between the different cate-
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goriesand theirbiologicalelements or processes. The example in Fig. 2 shows the data set for
the metabolic pathwayAsparagine biosynthesis.

All available information and relations of this pathway will be illustrated on the right side. The
example pathway entry in Fig. 2 has got several conversions. When a user selects a certain
conversion, all information about the selected entry will be requested and shown in their cat-
egory. Hence, it is simple for the user to get more information about a conversion which is
involved in the pathway. On the left side, pathways are shown in SBGN notation. Therefore,
the methodgetPathwayfrom the pathway web service returns the necessary information and
the add-on then generates the graph using SBGN notation. Via the add-on the user gets access
to all available data of MetaCrop and can use them for other operations with VANTED. Also
it is possible to query MetaCrop for specific information. Thereby, the work is considerably
simplified and the user has got more possibilities using VANTED.

4 SBML Exporter

In order to perform analysis and simulation with external software toolkits it is often necessary
to compose individual metabolic models. Such models are helpful in interpreting the dynamic
behaviour of specific metabolic pathways. Therefore, we developed a new export feature using
the standardised SBML format, which is integrated into the MetaCrop web interface. This
feature uses the principle of a shopping cart, thus enabling the user to put elements such as
certain reactions, translocations or even whole pathways into the cart.

Applying a wizard, in the next step the user is able to modify several default parameter settings,
such as multiple value handling, compartment, restrictions to data from certain species only or
export file name. The following steps of the wizard comprise lists of reactions and transloca-
tions contained in the selected pathways (Fig. 3). Now, the user can modify the kinetic model
or the compartment of the respective elements.

The generated SBML file contains function definitions, all involved species, annotations and
the reactions including their kinetic data. Additionally, it is possible to export structural models
only.

The MetaCrop SBML exporter is available via the web interface athttp://metacrop.
ipk-gatersleben.de .

5 Conclusion

In this paper we presented recent developments in order to improve the MetaCrop information
system for facilitating systems biology. For using the MetaCrop data in conjunction with other
software environments, e. g. for simulation or visualisation, there exist two alternatives. First,
we developed a set of web services intended to provide automated access to MetaCrop. As
a proof of concept we described the MetaCrop add-on for the visualisation toolkit VANTED.
Second, to compose individual metabolic models interactively, we enhanced the MetaCrop web
interface by a feature using the standardised SBML format to export user-defined pathways and
models.
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Figure 3: Screenshot from the MetaCrop SBML exporter. Here, a list of reactions chosen for ex-
port is shown enabling the user to modify parameters such as the kinetic type or the compartment
a reaction takes place at.
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