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Abstract - An important issue in horticulture is ensuring 
plant disease, such as scab, prevention and treatment. Apple 
and pear are among the most widely grown (approximately 
43% of all fruit tree area [1]) and economically important 
fruit crops specified worldwide and in Latvia. Scab diseases 
caused by ascomycetous fungi Venturia inaequalis and 
V.pyrina are economically the most important diseases 
worldwide. Research projects have produced research data 
covering various aspects of plant-pathogen interactions, but 
there is no internal linkage analysis, as well as 
implementation of other types of data (such as environmental 
and meteorological data, etc.). Establishing such a data 
integration system would allow the identification of new 
regularities in plant-pathogen interactions, and provide 
mechanisms for disease control decisions. Semantic analysis 
is one of information technology approaches to finding 
relationships in data. The product of analysis is ontology. 
There are plant disease ontologies which provide 
classification of diseases and describe their reasons. 
However, there is no ontology which describes a specific plant 
and relations among its farming parameters and disease 
probability. Such an ontology for apple and pear scab is 
presented in this paper. The constructed ontology can be 
applied to develop guidelines or digital expert systems. 
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I. INTRODUCTION 
Apple scab caused by Venturia inaequalis (Cooke) G. 

Winter and European pear scab caused by Venturia pyrina 
Aderh are one of the most important diseases of the apple 
and European pear growing regions worldwide [2] 

especially in regions with cool and wet spring and early 
summer [3]. Scab is considered as one of the most serious 
threats to commercial apple and pear production especially 
in organic orchards, causing severe reduction in the quality 
and size of fruits, premature fruit drop, defoliation and 
reduction of tree vigor over time [4]. 

Venturia inaequalis and V. pyrina are Ascomycetes 
fungus with the life cycle of them comprised of one sexual 
and multiple asexual reproductions annually, which causes 
significant variations in the fungus population. Annual 
sexual reproduction leads to recombination and high 
variation in fungal genome and changes in population 
genetic structure.  

Species of Venturia are mostly identified based on 
morphology and host [5] and on the basis of ribosomal 
internal transcribed spacer (ITS) sequence data [5], [6], [7], 
[8]. Often for species identification of fungi used include 
the ITS region of ribosomal DNA genes (ITS1 and ITS2), 
the small and large subunits of the nuclear ribosomal RNA 
genes (SSU and LSU), and also three protein coding genes, 
namely translation elongation factor-1 alpha (TEF1) and 
the largest and second largest subunits of the RNA 
polymerases II (RPB1, RPB2) [7], [9].  

Genetic variation and population structure of V. 
inaequalis were studied more than population and genetic 
diversity of V. pyrina. Different molecular tools are used to 
characterize genetic diversity of populations of V. 
inaequalis in various apple producing countries. Molecular 
markers such as random amplified polymorphic DNA 
(RAPDs) [10], restriction fragment length polymorphisms 
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(RFLPs), amplified fragment length polymorphisms 
(AFLPs) [11], and simple sequence repeat markers (SSRs) 
have been used to determine genetic diversity of V. 
inaequalis isolates from different regions of the world [2], 
[12], [13], [14]. 

Also, assessment of the level of scab intra-population 
variability was carried out on the basis of studying the 
variability of signs of its monosporous isolate colour and 
texture of the main air mycelium and the central tubercle. 
On the morphological and cultural characteristics were 
identified 34 morphotypes of V. inaequalis isolates [15], 
[16].  

Rapid evolution of pathogens and emergence of new 
races of fungi that overcome the resistance genes in the host 
and also fungicides that leads to problems in the control of 
the disease. During the course of coevolution, apple has 
evolved mechanisms to prevent the severity of scab. The 
isolates of V. inaequalis evoke variable symptoms on 
different apple cultivars [17], [18] which depend on 
resistance (R) genes. Currently only one major resistance 
gene Rvp1 of European pear resistance to scab is identified 
[19], 15 apple resistance genes are known [20]. 

Several studies have been conducted on the biology and 
diversity of V. inaequalis, the causative agent of the apple 
scab on the world, but there are relatively few studies on 
the racial composition and genetic diversity of the pear 
scab, V. pyrina. Systematic research on the racial 
composition and population diversity of V. inaequalis and 
V. pyrina in Latvia was launched in 2010 and a lot data has 
been collected by now to help characterize the diversity of 
pathogen populations and to find out the race composition, 
as this would allow predicting the aggressiveness of 
pathogens and the formation of new races. Due to the large 
amount and variety of data semantic analysis can be applied 
to organize, trace patterns and to find relationships between 
data. The product of analysis is ontology. An ontology 
defines a common vocabulary for sharing the information 
in a specific domain. It contains definitions of basic 
concepts in the domain and relations among them. Such an 
ontology for apple and pear scab is presented in this paper. 
This is the first time an ontology is used for characteristics 
of diversity on V. inaequalis and V. pyrina populations in 
Latvia. Data used for development of ontology is based on 
processed data from the Institute of Horticulture. The aim 
of the constructed ontology is to be applied to develop 
guidelines or digital expert systems. 

II. MATERIALS AND METHODS 

A. Related Work 
There are plant disease ontologies which provide 

classification of diseases and describe their reasons. 
Following best practices principles existing ontologies 
were analysed to identify whether they can be reused when 
building the apple and pear scab ontology.  

Plant-Pathogen Interactions Ontology (PPIO) [21] is an 
ontology that describes plant-pathogen interactions and 
offers a scaffold into which important domain data can be 
embedded in a precise and computationally-transparent 
manner. PPIO is being developed from a plant-pathogen 

interaction point of view, and intends to describe all 
biological features related to this process. In [22] authors 
design a system and an ontology for identifying rice 
diseases from a human observation. The resulting ontology 
represents abnormalities of rice diseases in terms of 
symptoms, colours, shapes, and infected plant parts. The 
Crop Ontology (CO) [23] current objective is to compile 
validated concepts along with their inter-relationships on 
anatomy, structure and phenotype of Crops, on trait 
measurement and methods as well as on Germplasm with 
the multi-crop passport terms. Plant Stress Ontology [24] 
describes biotic and abiotic stresses that a plant may 
encounter. The abiotic stress class has two subclasses: plant 
stress caused by an excess or deficiency of some element. 
The biotic stress class has two child terms, herbivory stress 
and plant disease. 

B. Development Overview 
The analysis of the existing ontologies was followed by 

the development of the apple and pear scab ontology. 
Ontology development process differs with each ontology. 
To ensure quality and reliability of the developed ontology 
a development methodology should be followed. Agile 
Methodology for Ontology Development (AMOD) [25] 
was selected for the purposes of this research. AMOD aims 
to bridge the gap between ontology engineering and 
software engineering by adopting the agile principles and 
practices in ontology development. AMOD classifies the 
ontology development into three phases: pre-game, 
development and post-game. The pre-game phase includes 
the identification of the ontology goal and scope, tools and 
techniques, competency questions and available 
information sources. Outcomes of the pre-game phase for 
Apple and Pear Scab ontology are summarized in Table 1. 

TABLE I.  OUTCOMES OF THE PRE-GAME PHASE 

Item Outcome 

Domain Apple and pear scab 

Goal Finding relationship among data from research 
projects that have produced data covering various 
aspects of plant-pathogen interactions. 

Scope Domain knowledge for processing research data of 
Institute of Horticulture. 

Tools and 
techniques 

WebProtégé, Protégé, OWL 2 language 

Knowledge 
sources 

Interviews with domain experts, research data 

 

Development phase consisted of two 4-week sprints: 
two iterations of development. Sprint planning sessions 
resulted in a set of tasks the development team decided to 
complete in the sprint. During the knowledge acquisition 
activities domain experts were interviewed in order to 
capture all the relevant terms related to the field of interest 
(concepts, properties, relations, etc.). Institute of 
Horticulture research data was analysed informally to 
extract relevant information. The research data consisted of 
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different apple and pear cultivars, their resistance genes 
such as Vf gene, Vm gene, cultivar location in the research 
field and location in Latvia, weather data, and pathogen 
morphological traits, pathogen genetic markers, isolate 
identification data, and field data from cultivar and 
pathogen interaction from different years.  

Ontology was built on existing data from the Institute 
of Horticulture. The rose family (Rosaceae) served as a 
basis, where two genera (apples and pears) were selected 
from this family. The Ontology was constructed in such a 
way that it could be supplemented with other genera of the 
rose family, whose research is being carried out at the 
Institute of Horticulture. This division was based on the 
principles of the taxonomy of species. The next class was 
the breakdown of the cultivars of each species, with the 
cultivars at the Institute of Horticulture, and cultivars from 
around Latvia were used. The “Research subject” and 
“Research object” classes were divided into subclasses 
according to the research directions used in the institute, 

such as: plants, bacteria, and fungi. Since one cultivar will 
have several trees in the research field, then the Institute of 
Horticulture field tree-finding system, based on blocks, 
rows, and the position of trees in a row, was introduced. 
Information on the pathogen was described from existing 
studies on morphological parameters [15], [16] as well as 
genetic parameters. For research on genetics of plants and 
pathogen parameters, databases known in the industry, 
such as GeneBank, CBS Fungal Biodiversity Centre were 
used. Information on the isolates was developed on a data 
recording system used by the Institute of Horticulture, 
which shows the origin of the isolate, what type of field 
type it was, and what genetic markers have been identified, 
such as ITS [26], [27], TEF [7], [9], and TUB genes [27], 
[28]. Both Latvian and English terms are industry specific. 

Conceptualization activities resulted in a conceptual 
model of the ontology represented in the form of 
relationship diagrams (see Fig.1.)

Formalization activities consisted of building a formal 
ontology based on conceptual model diagrams using 
WebProtégé ontology editor. WebProtégé was a tool of 
choice when building the ontology because WebProtégé is 
a free, open-source collaborative ontology development 
environment for the Web. This tool allowed domain experts 
and ontology engineers to work hand in hand, building the 

ontology collaboratively. The ontology was developed 
using OWL 2 Web Ontology Language. OWL 2 ontologies 
provide classes, properties, individuals, and data values and 
are stored as Semantic Web documents. The ontology was 
developed to support two languages: Latvian and English. 
At the end of each sprint the development team presented 

 Ontology conceptual model diagram example. 
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the results to the project team and compared them to the 
plan set up in sprint planning.  

HermiT reasoner supported by Protégé was used post-
game to infer new information from the ontology and to 
ensure consistency. Reasoner revealed two types of new 
knowledge: 1. new and previously undefined relations 
between concepts; 2. new and incorrect relations which 
highlighted underlying errors in ontology structure and 
which were later corrected. 

III. RESULTS AND DISCUSSION 
The team of ontology engineers and domain experts 

have developed Apple and Pear Scab Ontology which will 
be applied in the development of digital apple and pear scab 
disease expert system and will serve as a basis for apple and 
pear scab prevention guidelines. Fig. 3. shows collapsed 
ontology class hierarchy as seen in WebProtégé. 

 
Fig. 3. Ontology class hierarchy. 

The developed ontology consists of 70 classes, 49 
object properties, 59 data properties and 611 individuals. 
Ontology entities are annotated using rdfs:comment 
annotation properties to provide context. The list of 
individuals contains individuals of apple and pear cultivars 
occurring in research data, and their isolates. An example 
of isolate individual entity graph is shown in Fig. 2. 

 

The Sample data were collected from Institute of 
Horticulture data and added to the new ontology. For 
instance, in the ontology class “Family” were added the 
Rosaceae for pears and apples, and for the pathogens 
Venturiaceae for Venturia inaequalis and V.pyrina. The 
ontology class “Genus” consisted of several Malus sp. used 
in research at Institute of Horticulture. Likewise, several 
Malus pathogens were added to this class. Furthermore, 32 
apple cultivars and 2 pear cultivars were added in the 

ontology. Additionally, five commonly used databases for 
pathogen identification and gene identification were added 
in the class “Databases”. Four most used gene regions were 
added. In addition, several habitat types were added in the 
class “Habitat”. For example, home gardens, commercial 
plantations, and collection gardens. Data from isolate 
samples were stored in the class “Isolate” therefore, more 
than 400 isolates were added. In addition, several locations 

 An example of ontology individual entity graph. 
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for the used samples were added. As a result, the ontology 
was populated with 611 individual data points. 

IV. CONCLUSIONS 
The ontology provides a significant first step towards 

collecting all data from different research directions such 
as cultivar breeding evaluation, meteorological data, 
genetic research, and pathogen research and combining in 
a single data system. Furthermore, adding the existing data 
set from earlier studies will extend the existing ontology. 
This ontology can be helpful in finding new links, the 
interaction between apple scab caused by Venturia 
inaequalis and Malus sp. cultivars, the resistance 
mechanics in cultivars, and the effect of weather on scab 
population changes. These results emphasize the 
importance of combining field and laboratory research data 
with ontologies to find properties and the relations between 
them. The method for building an ontology used here can 
be applied to different plant species, genera, and families 
with different pathogens. This is a fundamental area to be 
explored further. 

The developed Apple and Pear Ontology will be 
updated with new individuals based on the latest research 
data of the Institute of Horticulture as it becomes available. 
In the future authors plan to publish the ontology in open 
access. 
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