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Abstract. Life sciences researchers recognize that the reusability and sharing of 

data by interlinking all data about an entity of interest and to assemble it into a 

useful block of knowledge is important to give a complete view of biological 

activity. Simultaneously, the Web is evolving from a set of static individual 

HTML documents into a Semantic Web of interlinked data, which enables solu-

tions like Linked Data to greatly contribute to its evolution. Therefore, this work 

applied Semantic Web principles to create a unified infrastructure to manage, link 

and promote the reusability of the data produced from biological experiments. 

This was based on the concept of a data repository that supports multiple ontolo-

gies to structure its data. To prove the repository concept, the IICT together with 

ITQB-UNL/IBET provided experimental data about Coffea arabica plant to sup-

port the research to identify potential candidate biomarkers for resistance against 

Hemileia vastatrix fungi (causal agent of coffee leaf rust). As test-case it was 

used a section of the data retrieved from coffee leaf rust assays which compre-

hends the proteome modulation of coffee leaf apoplastic fluid, by greenhouse 

conditions, using 2D electrophoresis (2DE). Moreover, the ontology responsible 

to structure this data was the Plant Experimental Assays Ontology developed by 

KDBIO’s Group. Technologically, the repository was developed using Jena 

framework to import and transform the data in RDF, interlinking it internally and 

with external sources. 
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1 Introduction 

We are surrounded by data every day. Increasingly, the access to data is easier giving 

us the means to make better decisions. It was the Internet explosion and its evolution 

the responsible for this growing, leading us to this fever of connection and share of data 

which are making us move from a Web based on documents to a Web of data that links 

arbitrary things – the Semantic Web [5]. The Semantic Web technologies have huge 

“potential to transform the Internet into a distributed reasoning machine that will not 

only execute extremely precise searches, but will also have the ability to analyze the 

data it finds to create new knowledge” [3]. Therefore, Linked Data is the first step to 

achieve this vision. It uses the Resource Description Framework (RDF) and the Hyper-

text Transfer Protocol (HTTP) to publish structured data on the Internet and to connect 

it between different data sources effectively, allowing data in one source to be linked 

to data in another data source [1]. Once data is linked to shared ontologies (which pro-

vide a vocabulary to describe and structure the properties and relationships of objects) 



machines will derive new knowledge by reasoning about that content, rather than just 

understanding it, making easier the effort in publishing, consumption and integration 

of data, as well as, helping to promote reusability. 

1.1 Motivation 

The contemporary biological experimental studies produce a great wealth of hetero-

geneous and interdependent data which are influenced by the diversity of protocols, 

tools, data formats and context-specific parameters used at different steps and which 

makes the studies difficult to reproduce [6]. Moreover, there is currently no standard 

workflow established to support the management of all gathered data from the biolog-

ical experiments.  

1.2 Problem 

Life Sciences researchers claim that it is difficult to assemble all relevant biological 

information about an entity into a useful block of knowledge. Although the data re-

trieved from the biological experiments is structured inside an Excel file, it doesn’t 

allow a global view over all the data. Some annotations can be added by users to these 

files, but no structural changes are made. Additionally, the Excel files are stored into a 

server in a decentralized approach. Moreover, there can be redundancy amongst the 

data by repeating the information about entities present in different Excel files, and no 

reasoning or general analysis can be made in an integrated way since all the data is 

scattered.  

1.3 Proposed Solution 

New approaches must be considered to provide the means to efficiently gather bio-

logical experiments data into a unified infrastructure, maintaining its semantics and en-

abling the linkage with multiple sources, thus enriching the data. Because there is not 

an infrastructure to manage the data related with biological experiments, the goal of 

this work is to present a repository that can efficiently store and gather this information 

in a structured way. This can be achieved by interlinking data with RDF and using 

ontologies to promote the preservation of semantic relationships between the entities 

represented therein, making the interpretation of results and the integration of the data 

produced by different experiments easier, as well as, enabling a more in-depth analysis 

and reasoning over the data. 

2 Related Work 

As the number of published data resources increases, scientific data integration and 

computational service discovery became a challenge, because many data repositories 

were developed in relative isolation, using different identifier schemes, terminology 



and formats. Therefore, technological advancements with approaches like OWL1 (a 

language that uses a set of terms with well-defined semantics) and RDF2 (a framework 

which allows for exchanging information) have surfaced, enabling the formal specifi-

cation of the relations between objects. There are some examples of repositories using 

this technology in Life Sciences domain, like: NCBI’s Gene Expression Omnibus 

(GEO) [1] which is a public functional genomics data repository for gene expression 

and genomic hybridization experiments; DrugBank repository [2], a unique bioinfor-

matics and cheminformatics resource that combines detailed drug data with compre-

hensive drug target information; Diseasome [3] is repository that collects all known 

human disorder/disease gene relationships; Sider [4] is the only repository that extracts 

the information from public documents and stores it, creating interlinked information 

on marketed medicines and their recorded adverse side effects. 

Even though many databases exist nowadays containing biological information like 

PlantFiles3, WeedUS4 and PLEXdb (Plant Expression Database) [2], all of them store 

the data using relational databases which can sometimes duplicate information and are 

not natively designed to interlink resources.  

3 Proposed Repository Solution 

The core framework used to implement the proposed solution was the Jena5 API. 

Jena is a Java framework that enables the creation of Semantic Web applications 

providing APIs and services to deal with RDF and also ontologies. Therefore, Jena 

deals with RDF through its fundamental class, the Model, designed to have a rich API, 

with many methods intended to make it easier to write RDF-base programs and appli-

cations. A Model can be sourced with data from local files, databases, URLs or a com-

bination of these, and also in triples serialized in formats like RDF/XML, Turtle, among 

others6. Additionally, to deal with ontologies Jena uses an extension of the Model class, 

the OntModel, which provides extra capabilities for handling ontologies and offers rea-

soning services. Finally, it has the ability to store the RDF data in TDB, Jena’s native 

triple store that can be queried using SPARQL.  

Moreover, based on the previous experience with the GWT7 framework for devel-

oping web interfaces and, in order to provide an easy deployment, cross-browser sup-

port and a more attractive look and feel, this tool was used, enabling: 

 Management of all the data in the repository through a custom web UI; 

 Management of the ontologies that guide the repository data structure; 

 Exposure of all the data through REST and SPARQL; 

                                                           
1http://www.w3.org/TR/owl-features/ accessed 12/05/2014 
2http://www.w3.org/RDF/ accessed 12/05/2014 
3 http://davesgarden.com/guides/pf/ accessed 12/05/2014 
4 http://www.invasive.org/weedus/distribution.html accessed 12/05/2014 
5 http://jena.apache.org/ accessed 11/05/2014 
6 http://en.wikipedia.org/wiki/RDF/XML accessed 09/05/2014 
7 http://www.gwtproject.org/ accessed 01/10/2014 
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 Management of additional entities required to organize the data of the infor-

mation system; 

In Figure 1 can be seen the architecture chosen for the RDF repository. On the left 

side of the diagram are present the Jena main components used in the implementation 

of this solution, showing how they interact with each other and which components of 

the developed architecture use them. On the right side, is present the architecture de-

signed to store and gather biological experiments data. Additionally, the user can inter-

act with all data through a user interface provided by the RDF repository. 

 

 

Figure 1. Architecture of the RDF Repository for Biological Experiments 

The architecture developed for the biological experiments repository is composed 

by the following components: 

 User Manager – Responsible for the management of users and roles of the 

system; 

 Log Manager – Responsible for the creation of a detailed daily log of every 

activity that occurs in the system, including the user that performed it and at 

what time; 

 Data Manager – Manages all creation/editing/deleting operations in the sys-

tem and it is also responsible for the retrieval of the information from the re-

pository. 

o Metadata Manager – Store the information about the entities re-

quired to organize the information system data in XML files. These 

entities are:  



 Project – A model that gathers all the information related 

to one experiment; 

 Excel – An Excel file containing biological experiments 

data and that will be imported into the repository; 

 User – A user of the system with a username, password and 

role; 

 Ontology – The metadata about the uploaded ontology file, 

like information regarding the location of the file, if it is an 

active version currently in use or not, when it was imported, 

among others. 

o Excel Manager – Manages the process of extract the data from an 

Excel document, preparing it to be ready for the publishing process 

by converting them to the standard format Turtle, accordingly with 

the ontology that is being used in the project where the import is tak-

ing place; 

o Data Publisher – Responsible for the publishing process that con-

sists in taking the Turtle file prepared by the Excel Manager and run 

a validation process that asks the user to fill required datatype and 

object properties. All the changes and rectifications made by the user 

will be stored in the Turtle file. Once the validation is finished, the 

system allows the user to insert the imported data into the repository. 

 Ontology Manager – Manages the ontologies and their versions. The ontolo-

gies can be imported in OWL or RDF/XML formats, but if the ontology im-

ported is in OWL format this component has the ability to convert it to 

RDF/XML because Jena’s API doesn’t support OWL as an input format (the 

convert operation is done using the OWL API8). Once the OWL file is con-

verted to a RDF/XML file, it can be stored in the file system and then loaded 

by Jena’s RDF API. This component is composed by: 

o Ontology Information Lister – Each Project must has an associated 

ontology that will define how the data will be stored in the repository. 

Thus, this component is responsible for, to each Project, list all on-

tology classes and their correspondent datatypes and object proper-

ties, and generate the forms to create new instances; 

o Ontology Comparator – Manages the comparison between ontolo-

gies versions and shows the differences to the user; 

 User Interface – All the data is accessible and can be managed by a web user 

interface that can be accessed through a web browser. 

                                                           
8 http://owlapi.sourceforge.net/ accessed 07/10/2014 
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4 Results 

To prove the repository concept, the Centro de Investigação das Ferrugens do Ca-

feeiro of Instituto de Investigação Científica Tropical (IICT9) together with Instituto de 

Tecnologia Química e Biológica/Instituto de Biologia Experimental Tecnológica 

(ITQB-UNL10/IBET11) provided experimental data about Coffea Arabica plants (devel-

oped in a greenhouse environment) that were infected with the fungus Hemilea Vasta-

trix (casual agent of coffee leaf rust) to identify potential candidate biomarkers12 for 

resistance of coffee against coffee leaf rust.  

During plant fungal infection, the plant triggers its response with impact at physio-

logical, molecular and biochemical levels and, consequently, in the abundance or de-

pletion of individual proteins. Thus, the identification of those proteins whose abun-

dance varies across different conditions will enable the disclosures of the protein role 

in response to the infestation. Some of these proteins are known and biochemically 

characterized, but for the greater part, their identity is unknown and only partial infor-

mation can be provided.  

 

Figure 2. Coffee plant stress tests data gathering process. Biological entity: Growth condi-

tions: Coffee plants growing in a green-house, IICT, Oeiras, PT. Biological samples, leaves, were 

                                                           
9 http://www2.iict.pt/ accessed 07/01/2014 
10 http://www.itqb.unl.pt/ accessed 07/01/2014 
11 http://www.ibet.pt/ accessed 07/01/2014 
12 In this context, biomarkers are the key protein which play an important role in the identification 

of plants that are at increased risk or resistant for the disease.  



collected at different times of the year; Physical entity:  Extraction protocol (apoplast protein 

isololation from the collected leaves) and 2DE gel of the proteins from coffee leaf apoplastic 

fluid (numbers are the spotsID that were isolated from the gel); Data entity:  For each spotID 

were associated the coordenates (x, y) in the gel and the volume and  mass spectrometry of each 

spot  allows the identification of the proteins. 

Therefore, as test-case it was used a section of coffee leaf rust assays which compre-

hends the proteome modulation of coffee leaf apoplastic fluid, using 2D electrophoresis 

(2DE). The data was provided through JPEG images (from the 2DE gels) the corre-

sponding spreadsheets in Excel produced by gel analysis machines and a spreadsheet 

with the protein identification. In Figure 2 is possible to see an example of the data 

provided workflow according with the 3 realms of Plant Experimental Assays Ontology 

[4]. 

4.1 Ontology Management 

To import an ontology file for the first time into the system, it was created a concept 

were the user must add an ontology. Add an ontology consists in, internally, have a 

structure that will aggregate all the related ontologies and its versions. So, when the 

user add an ontology the system asks for a name to assign to that set, optionally can add 

a description and finally, upload the main ontology file. Then, if the main ontology file 

depends of other ontologies, the system will ask for the upload of the missing dependent 

ontologies, and so on for each uploaded ontology that has a dependent ontology. This 

way, it requires only one form to perform this operation, keeping it simple to the user.  

Moreover, since ontologies can evolve over the time, the system allows the import 

and management of new ontology versions. Therefore, it keeps a list of all imported 

versions and also provides information about when it was imported, if it is active, 

among others. An ontology active means that the data of all the projects in the reposi-

tory using the ontology containing that version will be now managed using this active 

ontology’s schema. Hence, only one version at time can be active. Since the system 

allows to import different ontology versions, it also provides a way to compare consec-

utive versions through the creation of a timeline where it is possible to see the differ-

ences between a version n and a version n+1. 

4.2 Project Management 

With the purpose of enabling the results of each biological experiment to be stored 

separately in the repository, the concept of Project was created. This concept allows the 

user to create different projects that can be associated with different ontologies and 

contain different data. Therefore, when a project is created it must have an ontology 

associated and, if it doesn’t, no data can be inserted in the repository because there is 

no schema in which the data can be based on. Furthermore, the user may choose to 

download the project and all its data into a Turtle file. Additionally, that Turtle file can 

be imported at any time into other project (if it uses the same ontology).  

To deal with the issue of importing the information gathered directly from the ma-

chines of biological experiments which are provided in Excel files, the system allows 



their importation. Hence, when an Excel file is imported, the user must specify what 

type of Excel is importing (Electrophoresis, Electrophoresis With Data or Mass Spec-

tometry) and then, the system extracts their data to a Turtle file according with the on-

tology associated to the project where the importation is taking place. Then, a validation 

process runs asking for the user to fill all the required data properties, and in the next 

step, all the missing relations. Finally, with the validation process completed the data 

is put into the repository. Alternatively, the user can also insert data manually through 

the User Interface.  

4.3 Fuseki as SPARQL Endpoint 

Instead of creating one SPARQL Endpoint, and the fact that Jena provides its own 

(Fuseki), it was decided to use it as the main SPARQL Endpoint of the application. 

Fuseki is an HTTP interface to RDF data that supports SPARQL for querying and up-

dating and runs as a stand-alone server using the Jetty web server13. It was then embed-

ded in the application to create a more seamless interaction. 

4.4 Statistics 

To give an overview of the data present in the repository, user can access to some 

statistical measurements like number of classes, individuals, valid and invalid individ-

uals, among others. These measures can be applied to a specific project or be an overall 

of all projects in the tool. Each of these measures is dependent on the currently active 

ontologies on the system. 

5 Self-Assessment 

The data delivered by the IICT together with ITQB-UNL/IBET combined with the 

Plant Experimental Assays Ontology developed by KDBIO, provided a great case study 

and created the grounds to evaluate the repository. Next, a list of all goals is presented 

and, for each of the goals proposed for the envisioned solution, what approaches were 

used to reach them and what wasn’t done: 

 

Goal Done Not Done 

Provide data integrity, remov-

ing the possibility for redun-

dant information 

Creation of a centralized RDF 

repository supported by ontol-

ogies. 

Imported data should be 

matched with the repository’s 

content to look for already ex-

isting data. 

Convert all imported data to an 

uniform format 

Conversion of the imported 

files to a turtle file based on the 

 

                                                           
13 http://www.eclipse.org/jetty/ accessed 09/10/2014 

http://www.eclipse.org/jetty/


Goal Done Not Done 

ontology responsible to struc-

ture the biological experiments 

data. 

Expose the data through stand-

ard approaches so it can be ac-

cessed by external services, ei-

ther human or machines 

The data is saved in RDF for-

mat and exposed through a 

SPARQL Endpoint (Fuseki) 

which allows to search for any 

existing content through 

SPARQL, HTTP and a REST-

style interface. 

Propose a solution for 

Fuseki’s technical issue which 

can make it to stop working 

every time the content is up-

dated. 

Gather data from multiple 

sources into a single database, 

so a single query engine can be 

used to present data 

Data from different experi-

ments can be represented in the 

system through the concept of 

a Project. The content of all 

projects can be accessed with 

SPARQL. 

 

Provide a user interface to ena-

ble a user without deep ontol-

ogy knowledge to manage the 

data 

A responsive and dynamic 

web interface was developed 

enabling the management of 

the repositories content. 

Research alternative visual so-

lutions to handle the linkage of 

large amounts of imported 

data with the one already ex-

isting in the repository. 

Allow reasoning and data anal-

ysis for internal enrichment by 

adding extra semantics 

Use of ontologies as the core 

schema to structure the biolog-

ical experiments data, saved in 

RDF. 

Configuration of reasoners to 

infer new knowledge and add-

ing extra semantics to data. 

Log every transaction to enable 

data recovery and understand 

the reason behind any prob-

lems that might arise 

All operations performed by 

the user are persisted into a 

XML file. 

Although every operation be-

ing recorded, new approaches 

should be explored to, if 

needed, rollback the action 

performed. 

Table 1. Description for each goal of what was done and what is still missing in the proposed 

solution 

Although many services were implemented and almost all the goals were fully 

achieved, it can be concluded that the proposed solution is only the foundation for a 

more complex and rich repository. 

6 Conclusion and Future Work 

The need of represent the experimental procedures in a meaningfully way, as well 

as, the data they produce lead to the development of an ontology designed to represent 

the biological experiments workflow [6]. Moreover, it was realized that researchers 



need to share their information in a way that allows them to find all data about an entity 

of interest in order to get a complete view of the biological activity. Therefore, these 

ideals lead to the creation of a RDF repository that uses ontologies to define its data 

structure, enabling the linkage inside the repository and with external resources. Jena 

API was chosen to be the core technology providing APIs to deal with RDF and ontol-

ogies, and persist the data in its storage system (TDB). Furthermore, an infrastructure 

was developed which enables the import and management of all experimental data sup-

porting the continuous analysis of the experiment. Through the evaluation with real 

data, it was concluded that almost all goals were fully completed but several issues were 

discovered that lead to the conclusion that the developed work is only the foundation 

to an improved repository where data can be richer and contain greater linking, which 

can be achieved, for example, with the implementation of reasoners and link discovery 

techniques. 
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