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ABSTRACT 

 

In the biological sciences, it is increasingly 

common to have methodologies that produce large 

amounts of data. In order to make sense of these 

data, as well as to enable them to be searched, 

exploited and reused, the context and provenance of 

the data must be described in the form of metadata. 

These metadata are usually expressed through 

annotations, which are a standardized and 

semantically rich way of expressing them, and 

always structured as ontologies. The slowness of 

this process, in the search for the most appropriate 

ontology for the annotation of a given data and in 

the identification of the intended concept within 

this ontology is a pressing problem so it is critical 

that there is an informatic support to facilitate this 

process. The objective is the development of an 

infrastructure to support this type of tasks taking as 

reference the data repositories BioPortal, 

AgroPortal and GeoNames and other tools already 

developed such as OntoMaton, an add-on to google 

spreadsheets and the Agreement Maker Light 

(AML), a light ontologies mapper. The solution 

consists of the design, development and validation 

of a web environment which supports the data 

annotation tasks as automated as possible in time 

and efficiency. 
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1. INTRODUCTION 

 

Data annotation in Biology and Bioengineering 

consists on enriching original data structures, 

produced in concrete projects, with attributes or 

complementary data structures generally called 

metadata, which describe and relate them to more 

generic contexts. Typically, annotation tasks consist 

on defining the attributes or data structures to use, 

and then assign them values, which, ideally, should 

exist in controlled vocabularies. For that purpose, 

many annotation structures in Biology exist as 

ontologies. [1] 

Annotation of data for ontologies is a time-

consuming and difficult task. The slowness of this 

process, in the search for the most appropriate 

ontology for the annotation of a given data and the 

identification of the desired data / concept within 

this ontology is a pressing problem. The computer 

support for this kind of data annotation task is 

important, especially if it can take advantage of 

other already existing tools. This paper presents the 

design, development and validation of a web 

environment that supports the annotation tasks, 

taking as reference the data repositories 

BioPortal[4], AgroPortal
1
 and GeoNames

2
 and 

reusing some tools already developed such as 

OntoMaton ("add -on" to "google spreadsheets")[5] 

and AgreementMakerLight (a lightweight system 

for mapping ontologies)[6]. 

The final solution provides an environment for 

annotating data that allows annotation in a more 

automated and accurate way, with possibilities that 

allow an improvement of the conditions in which 

these tasks are performed.   

The remaining parts of this paper describes the 

challenges of data annotation in plant phenotyping 

[2], the solution we propose for that, and the results 

we were able to reach. 

 

2. RELATED WORK 

 

The recent methodological evolution in plant 

phenotyping, as well as the growing importance of 

its applications in plant science and its 

reproduction, has produced a significant increase of 

multidimensional data with great potential for later 

discoveries and applications. 

The collection and storage of phenotypic 

observations is not yet sufficiently patterned. The 

lack of standardization results mainly from the 

great variability of the protocols, the multiplicity of 

measured phenotypic characteristics and the 

                                                          

1 http://agroportal.lirmm.fr/ 

2 http://www.geonames.org/ 
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dependence of these characteristics of the 

environment.[2] 

A detailed description of the environmental 

characteristics in which the experiments occur 

should be expressed through a standardization, to 

be valid in a community and to ensure 

interoperability, avoiding misunderstandings among 

contributors. 

The interoperability of observations (phenotypic 

and environmental variables) is achieved by the use 

of ontologies that are linked and in constant 

development. In the phenotype domain, it has only 

recently begun to join to the annotation paradigm 

with ontologies while in other domains of biology 

this is already more common. In most cases, the 

phenotype data and corresponding metadata are 

managed in spreadsheets (for example CSV or 

Excel) with non-uniform structure and terminology. 

The annotation of these data is difficult because 

there are many different ontologies to describe 

some aspects, and few ontologies or even none to 

describe others.  

The goal is to develop a data annotation 

environment. In general, this environment receives 

data structured in CSV or Excel and an annotation 

scheme or specification, which along with a simple 

profile of the domain of plant biology will return an 

annotation to the data. The main benefits are the 

possible automation of the tool, its speed, 

efficiency, ease of use and inference ability to 

return the results. 

The specification that the data structure in CSV or 

Excel obeys is the Minimum Information About 

Plant Phenotyping Experiment (MIAPPE), a 

decided pattern among plant breeders and modelers 

of the plant phenotyping community, which defines 

a list of attributes that may be required to fully 

describe a set of phenotypic observations, built on 

the basis of the Minimum Information (MI) 

documents already created for other branches of 

research in Biology. These attributes are classified 

taking into account the aspects common to all major 

cases of plant phenotyping.  

An MI document should therefore be considered as 

a checklist so that researchers who describe and 

record the data ensure that all the characteristics of 

important data are included in an experimental 

process, i.e. what is meaningful for their correct 

interpretation, evaluation, review and potential 

replication of experimentation or research.[3] 

The main technologies analyzed and chosen to 

build the solution were the OntoMaton and the 

AgreementMakerLight. OntoMaton is a general 

purpose tool and one of the most recent components 

of the ISA software package. It is an open source 

solution that brings ontology search and markup 

capabilities in a collaborative cloud-based 

environment, leveraging Google Spreadsheets and 

NCBO BioPortal Web Services. OntoMaton can 

also be used to support the ontology development 

process. OntoMaton facilitates the search for 

ontologies and the marking of text-free ontologies 

from biological experiments directly in Google 

Sheets. It allows searching for biological terms in 

NCBO BioPortal Web Services. Lets you search 

terms in other domains with Linked Open 

Vocabularies. The provenance of the annotated 

terms is preserved for downstream processing with 

URIs and links to definitions. It is implemented in 

JavaScript using the Google Apps Script API.[5] 

This tool is, however, limited to the search of 

NCBO BioPortal Web Services ontologies and only 

searches for literal terms i.e. if the target data is not 

written exactly as it is in the ontology, no match is 

found. AgreementMakerLight is a lightweight 

ontology mapping system, specialized in the 

biomedical domain, but applicable to any ontology, 

which can be used to generate alignments 

automatically, as a platform for alignment review or 

as a repair system.[6] This system is relevant for 

this work since the ontology mapping tasks are very 

similar to annotation tasks. 

This implemented environment offers potentialities 

that contribute more to solving the problems and 

difficulties encountered by researchers who 

describe observations of experiments in the field of 

plant biology. The implementation of this project 

contributes to the optimization, acceleration, and 

possible automation of the annotation process of 

experiments in the phenotype domain of the Elixir's 

Portuguese Node. 

 

3. PROPOSED TECHNICAL SOLUTION 

 

Our solution, named DatAPP (Data Annotation in 

Plant Phenotyping), was inspired by OntoMaton. 

DatAPP uses AgreementMakerLight as a base for 

the creation of a Java back-end that will be run by a 

Web Service.  

Also a system of restrictions was implemented, that 

is, a system that restricts the ontologies where the 

search will be carried out. DatAPP receives a 

Google Spreadsheet according to the MIAPPE 

specification, containing in the first column the data 

fields, and, in the second column, the restrictions 

associated with each field.  

The annotation process starts by reading the Google 

Spreadsheet line selected by the user with the data 

to be annotated. Then it is checked whether the 

field present in this row contains any restrictions 

saved from the MIAPPE specification.  

In affirmative case, it will check if the restriction is 

GeoNames, if it is the search is performed using the 

GeoNames API. If the restriction is not GeoNames 
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the Google Apps Script sends a GET request to the 

Web Service that will run the Java back-end with 

the term to be annotated and the 

restriction/ontology URI as parameters.  

This Java back-end was created in the Eclipse IDE 

based on an existing project called 

AgreementMakerLight (AML) that performs an 

alignment of ontologies that is similar to ontology 

matching. This Java back-end works with the 

ontologies themselves using OWL API for this 

purpose, constructing the ontology from an URI, 

storing the classes in a lexicon and the relationships 

between them in a relationship map.  

It also contains three Annotator classes, one 

matching for literal terms, another matching by 

strings, and another matching by words. Each 

Annotator returns a set of Annotation Candidates 

(that are candidates for the annotation, that is, 

matches found in each Annotator), which are then 

added to the final set. The Annotation Candidates 

are only added to the set if there are no equal 

matches on the set. In the opposite case, they are 

only added if they contain a larger weight than the 

one on the set, thus preventing repeated Annotation 

Candidates.  

After all the Annotators have ran and the 

Annotation Candidates added to the final set, this 

set is organized in descending order of weights and 

is returned as a JSON file by the Web Service to the 

Google Apps Script. Then the Google Apps Script 

will save the first term of the JSON file, that is, the 

term with the largest weight. And using a function 

based on OntoMaton, inserts, in the column next to 

the column containing the terms to be annotated, 

the URI linked to the term in the ontology specified 

in the MIAPPE, and in the next column the 

correspondent term to the URI annotated.  

The following use case (Figure 1) presents the final 

requirements of the new tool. 

 

 

Figure 1: Use Case 

 

The following figures (Figures 2 and 3) 

respectively show the Web Service Sequence 

Diagram and the Sequence Diagram for GeoNames. 

 

Figure 2: Web Service Sequence Diagram 

 

Figure 3: Sequence Diagram for GeoNames 

 

The architecture of the implemented solution is 

represented in figure 4 (Figure 4). 

 

Figure 4: DatAPP Architecture 

 

4. SOLUTION IMPLEMENTATION 

 

The annotation tool implemented can be started by 

turning on the spreadsheets from Google 

(www.google.com; Documents; Main Menu; 

Spreadsheets).  

A worksheet with data to be annotated is received 

from the user, in this case a Google Spreadsheet 

(Figure 5). 

http://www.google.com/
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Figure 5: Google Spreadsheet with data to 

annotate 

 

Then a worksheet is received with a MIAPPE 

specification, which will serve to restrict the fields 

of the data to be annotated (Figure 6). 

 

 

Figure 6: Google Spreadsheet with the MIAPPE 

Specification 

 

Providing these two documents, the tool can be 

started as follows: in the upper bar of Google 

Spreadsheet select Add-ons; in the options of Add-

ons select DatAPP; in DatAPP select Run 

Annotator, and on the right side of the Google 

Spreadsheet will appear the DatAPP user interface 

(Figure 7).   

 

Figure 7: DatAPP User Interface 

Now the user only has to select the field and the 

term intended for the annotation and click on the 

button “Tag terms” that is in the User Interface and 

will be annotated to the data, the URI for the class 

found by DatAPP to annotate the term, and the 

name of the class that was found (Figure 8). 

 

 

Figure 8: Result of annotation/ first line 

 

To continue to note the rest of the terms shown in 

the figure above, the user only has to select the next 

field and the next term, i.e. the next line of the 

Google Spreadsheet and click on "Tag terms" as we 

can see in the following example (Figure 9). 

 

 

Figure 9: Result of annotation/ second line  

The process continues in the same way until the last 

line of the Google Spreadsheet is noted. 

 

5. EVALUATION 

 

In order to assess if the main objectives were met, 

i.e. if the tool performs better with regard to 

automation, efficiency and accuracy than the 

methods used to date, the evaluation was done 

using the same Google Spreadsheet with the 

annotated data mentioned above in the DatAPP and 

OntoMaton for the features already mentioned in 

this document. 
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Thus, two evaluations were carried out, one using 

OntoMaton and the other using the DatAPP, noting 

an evaluation dataset consisting of fifty (50) cases 

to be annotated, that is, fifty (50) lines in a Google 

Spreadsheet, containing several recommended 

ontologies and various terms to annotate. 

A further validation Google Spreadsheet was also 

used which contained the terms that should be 

noted for each case. 

The aspects to be taken into account in the 

evaluation are directly linked to the main objectives 

to be achieved. Thus, in each of the evaluations 

(DatAPP and OntoMaton) the accuracy and 

precision of the tools response were taken into 

account. 

We used a measurement system that allows us to 

evaluate the quality and accuracy with which a 

system returns the relevant data requested by the 

user. These measures are called Recall, Precision 

and F-Measure and are defined as follows: 

- Precision = Total number of relevant data returned 

/ Total number of data that is returned. 

- Recall = Total number of data returned that is 

relevant / Total number of relevant data. 

F-Measure (Precision and Recall Harmonic 

Average) = 2 * Precision * Recall / Precision + 

Recall. 

Precision and Recall have an opposing relationship 

i.e. when we intend to increase the Recall, Precision 

tends to decrease and vice versa. 

In this case, we intend to measure Recall, Recall 

Extended, Precision, F-Measure and F-Measure 

Extended to evaluate the performance of DatAPP 

compared to OntoMaton. 

It is intended that the DatAPP will perform better 

with regard to its automated ability to return results 

by increasing the percentage of relevant results 

without sacrificing precision. 

Recall considers the percentage of success of the 

tool when finding and writing down the desired 

term. For Recall Extended, it is considered the 

percentage of success of the tool when finding the 

desired term contained in the terms found during 

the match process, and for Precision is considered 

the percentage success of the tool when finding any 

term in response to the request made by the user. 

OntoMaton Evaluation 

For the evaluation of OntoMaton it was necessary 

to access its definitions and add the restrictions of 

the ontologies for each field, since in this tool it is 

necessary to add the restrictions manually. 

Then, the evaluation dataset was row line by line 

and the term to be annotated inserted in the search 

engine of OntoMaton. In the return of the results, 

the first term returned as the annotated term is 

considered, since in OntoMaton there is no specific 

function for ordering the terms while the developed 

annotation tool adds the term of greater weight of 

the list of candidates for annotation. 

The procedures were repeated until the end of the 

dataset. 

DatAPP Evaluation 

For the evaluation of this tool, the line was selected 

to note as is exemplified in the point above 

"Solution Implemented" and began the process of 

request / demand. As already mentioned in this 

document the tool notes the term with greater 

weight found in the match process. This was done 

until the end of the evaluation dataset. In order to 

analyze the Recall Extended of the developed 

annotation tool, the URI that Google Apps Service 

uses to make the GET request to the Web Service 

directly in an internet browser has been sent, so that 

all annotation candidates returned by the Web 

Service to that request are presented, including the 

one of greater weight that is annotated. In this way 

we can verify if the desired term is in this list 

returned by the Web Service so that it can be 

validated successfully. Precision counts as 

successful whenever a response is returned. The 

procedures were repeated until the end of the 

dataset. 

 

6. RESULTS AND DISCUSSION 

 

Before presenting the results of Recall, Recall 

Extended, Precision and F-Measure we will 

perform an analysis of the performance of each tool 

during the evaluation procedures. We can see that 

regarding automation, DatAPP shows an 

improvement over OntoMaton. 

Before starting the annotation process in 

OntoMaton, it is necessary to access the settings to 

manually enter the restrictions; DatAPP runs this 

function automatically. In the case of OntoMaton, 

the user needs to enter the term to annotate in the 

search bar and click the search button; OntoMaton 

returns a list of annotation candidates leaving to the 

user the task of deciding which one is the most 

relevant. 

Regarding DatAPP,  you only need to select the line 

you want to annotate by selecting the first two 

columns of the Google Spreadsheet (the field and 

the term), and then clicking the annotate terms 

button; DatAPP returns an annotation to the data, 

inferring the relevant term from a list of annotation 

candidates ordered by weight; 

As for the results of Recall, Recall Extended and 

Precision they were accounted for and analyzed and 
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are represented in the following figures (Figure 10 

and 11): 

Figure 10: Evaluation Results 

 

 

Figure 11: Evaluation Graphic 

 

Given these results we can conclude that DatAPP 

achieved better results to those of OntoMaton. It 

maintains precision (with a difference of only 2%) 

that is OntoMaton in 92% of cases and DatAPP in 

90% of cases return a term in response to the 

request made by the user. It shows an improvement 

over Recall and Recall Extended (increase of 14% 

and 16% respectively), which means that it 

performs better than the previously used tool, 

increasing the percentage of success in the last two 

mentioned parameters without, however, a 

significant decrease precision percentage.  

Although it does not change the presented results, it 

is important to note that OntoMaton presents more 

relevant answers than DatAPP in cases where the 

text to be annotated corresponds to a synonym and 

not to the main name of the class of the ontology.  

The F-Measure and F-Measure Extended were 

calculated based on the values found for Precision, 

Recall and Recall Extended.  

The results are shown in the following figure. 

(Figure 12). 

 

Figure 12: Evaluation Graphic 

 

The results of  F-Measure show a 10% 

improvement of DatAPP over OntoMaton and 

clearly demonstrate the superiority of the developed 

tool. 

 

7. CONCLUSIONS 

 

Data annotation in Biology and Bioengineering 

consists of enriching original data structures, 

produced in concrete projects, with attributes or 

complementary data structures, generally called 

metadata, which describe and relate them to more 

generic contexts. Typically, annotation tasks consist 

of defining the attributes or data structures to use, 

and then filling them by assigning them values. 

Attributes, complementary data structures, and 

values that are assigned to them must belong to 

controlled vocabularies or domains.  

Annotation of data for ontologies is a time-

consuming and difficult task. The slowness of this 

process, in the search for the most appropriate 

ontology for the annotation of a given data and in 

the identification of the desired data / concept 

within this ontology is a pressing problem. 

In the phenotype domain, it has only recently begun 

to join to the annotation paradigm with ontologies 

while in other domains of biology this is already 

more common. 

The annotation of phenotyping data is difficult 

because there are many different ontologies to 

describe some aspects, and few ontologies or even 

none to describe others. Also the collection and 

storage of phenotypic observations is not yet 

sufficiently patterned. A detailed description of the 

environmental characteristics in which the 

experiments occur should be expressed through a 

standardization, to be valid in a community and to 

ensure interoperability, avoiding misunderstandings 

among contributors. 
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The web environment addresses this problem by 

printing more automation and accuracy than 

previously used tools. However, there is still a lot of 

work to do. Improvements can be made to increase 

accuracy and automation to access heavy ontologies 

without the need of user interference. This is a 

challenge yet to come. 

 

8. FUTURE WORK 

 

After measuring the results of the evaluations and 

analyzing the performance of the tool, it was 

concluded that there are still potentialities in which 

worth betting and possibilities for intervention in 

the future. 

It is worth mentioning in this point two aspects that 

we would like to see improved in an update of the 

tool developed in this project: 

• During the evaluation it was noticed that 

OntoMaton obtained more relevant answers in 

cases where the text to be annotated corresponds to 

a synonym and not to the main name of the class of 

the ontology than DatAPP, which tells us that the 

tool developed gives greater weight to the similarity 

between terms than to synonyms. A future work 

would be to adjust the weight system used in 

DatAPP so that it presents similar relevance to that 

of OntoMaton in relation to the synonyms. This 

adjustment can balance or even improve accuracy 

values. 

• Consider introducing the option to display a list of 

all returned annotation candidates, so that the user 

can compare them with the response returned 

automatically by the tool, and can choose another 

term to annotate, risking the loss of some 

automation in favor of precision and accuracy. 

It is considered essential that DatAPP be used and 

evaluated by a large group of users so that 

suggestions can be made that will lead to future 

work to be developed. 

It is also considered a field to explore the 

adaptation and reuse of the tool for users with 

different needs but involving matching or query / 

demand tasks. 
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