
Abstract: Current medicine has recently recognized the limits
of delivering the same treatment to different patients with the
same disease. Although, for a long time, clinicians have adjusted
patient’s treatment according to several parameters: gender,
age, weight, etc.., response rate still varies from 20% to 80%
for these conventional therapies. A new medicine has therefore
been developed, which involves the design of specific treatments
based on the individual biological characteristics of the patient
(i.e. genetic and protein information). DNA sequencing was one
of these new approaches that have been developed for obtaining
and analyzing genetic information. While this newly available
genetic information has opened new avenues for applying per-
sonalized medicine, some issues remain to be addressed. One
of these issues concerns the availability of the protein informa-
tion. Therefore, and in order to provide structured knowledge
about proteins, our previous research has investigated the dy-
namic development of a Protein Ontology: PrOnto. And in this
paper, we propose an intelligent annotation approach which dy-
namically enrich PrOnto, the annotation method was inspired
by the MVC pattern where the Model is the Protein Ontology,
the View is an Intelligent User Interface that semi-automatically
annotates PrOnto and the Controller is an intelligent agent that
automatically annotates the Protein Ontology. Moreover, the
proposed approach enables the automatic prediction of the 2D
and the 3D protein structures, which will allow providing all
protein information needed to annotate PrOnto with more reli-
able knowledge.

Keywords: Personalized Medicine, Protein Ontologies, Model
View Controller Pattern, Semi-Automatic Annotation, Automatic
Annotation, Intelligent User Interfaces, Intelligent Agents, 2D/3D
Protein Prediction.

I. Introduction

Proteins are vital molecules that play many important roles
in the human body; they contribute to the tissue growth
and maintenance, the catalysis of organic reactions, the
communication between cells, tissues and organs and help
improve immune health. Each protein is a macromolecule
consisting of a chain of smaller molecules (i.e. amino
acids) called monomers. Four levels of protein structure are
distinguished: primary, secondary, tertiary, and quaternary.
Amino acids are assembled through peptide bonds (i.e. an
amino acid group of carboxylic acid with a neighboring
amino acid group → C = O — NH) and thus form the
primary structure [14]. The primary structure of a protein
refers to the amino acid sequence within the polypeptide
chain [7]. Then comes secondary protein structure which is
the three-dimensional form of local protein segments. Alpha
helices and beta sheets are the two most common secondary
structural elements. Secondary structure elements typically
form spontaneously as an intermediate before the protein
folds into the tertiary three-dimensional structure where the
α-helixes and β-pleated-sheets are folded into a compact
globular structure [16].

Advances in information technologies coupled with in-
creased knowledge about genes and proteins have opened
new avenues for studying protein complexes [20]. Hence,
there is a growing need to provide structured and integrated
knowledge about various proteins for the study of unknown
proteins, the search for new drugs and the application of
personalized medicine [24]. Indeed, proteins are biological
molecules that play an essential role in identifying causes of
diseases. Therefore, providing structured knowledge about
proteins is one of the most important and frequently studied
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issues in biological and medical research [13], particularly
upon the completion of the Human Genome Project [8],
which helped answer the question of whether there is
a unique correspondence between genes and generated
proteins, opening new avenues for the study of proteins.
Hence, in order to create universal protein knowledge
bases, it is particularly important to find them structured
representations, such as ontologies [10]. For that reason,
several computational approaches have been proposed to
develop ontologies integrating knowledge about proteins
[23]. However, these approaches are not dynamic, instead
they either transform static sources into static ontologies or
develop static ontologies with a small number of concepts
and properties. To address these limitations, we proposed
in our previous work [15] a two-step methodology that
dynamically develop a protein ontology: PrOnto. And in
this paper, we propose a dynamic enrichment of PrOnto by
using an intelligent annotation approach. This solution was
inspired by the MVC pattern where the Model is the Protein
Ontology, the View is an Intelligent User Interface that
semi-automatically annotates PrOnto and the Controller is
an intelligent agent that automatically annotates the Protein
Ontology.

The proposed intelligent annotation system combines both
semi-automatic and automatic annotation methods to dynam-
ically enrich the Protein Ontology. Unlike some existing an-
notation solutions that annotate static protein sources with
a limited number of concepts and properties, IA-PrOnto an-
notates and extends the Protein Ontology automatically and
continuously with more reliable knowledge. The main aim
of this approach is to increase the number of proteins knowl-
edge integrated into PrOnto in order to allow experts to use it
as a reference protein knowledge base, enabling a deeper un-
derstanding of life with medical, pharmaceutical and patho-
logical issues. The rest of this paper is organized according
to the following. Section 2 provides an overview of research
that is related to our approach. Section 3 presents our pro-
posal which is the Intelligent Annotation of the Protein On-
tology. Section 4 presents a software application and experi-
mentation. Section 5 presents a discussion. Finally, Section
6 concludes the paper and suggests some directions for future
research.

II. Related Work

The more we understand our genes and how they act, the
more we will be able to realize the complexity and the beauty
of life. Our genes determine how we look, who we are and
our risk to disease. Oncology and genetic diseases are to-
day the main disciplines of investigation in medicine. How-
ever, improved diagnosis and therapeutic solutions are also
required in these fields of investigation as in other common
diseases, in diabetology, rheumatology, psychiatry, etc. Re-
cently, and based on the consideration of individual genetic,
environmental and lifestyle variants of each patient, the con-
cept of personalized medicine has emerged as a more ambi-
tious concept, surrounding both treatment and disease pre-
vention. Deported from the advancement of molecular ge-
netic knowledge and the extraordinary advancement of dig-
ital technologies. Medicine is gradually moving away from

the traditional model of reactive care towards a more holistic
approach. Personalized medicine, consists of designing med-
ical treatments based on the patient’s individual characteris-
tics (i.e. genetic and protein features). The main elements
that play an indispensable role in personalized medicine are
genetics and protein information. For this reason, research
in the past few years has focused on obtaining and under-
standing this information held in our cells. Hence, there is
a growing need to provide knowledge on several proteins
to allow the study of unknown proteins, the discovery of
novel proteins, the research for new drugs and the applying
of personalized medicine. In order to integrate knowledge
about proteins, it is critical to develop a structured data rep-
resentation for protein knowledge, such as ontology. Several
computational approaches have been proposed for structur-
ing and integrating knowledge about proteins into ontologies.
Our intelligent annotation approach aims to dynamically en-
rich an existing ontology: PrOnto, this enriching involves
semi-automatically and automatically annotates the Protein
Ontology. Annotation is the process of attaching metadata
to ontological concepts in order to enrich the data with in-
formation that makes it easier to discover, use and manage
[11]. For bio-ontologies, two main methods, including semi-
automated and automated annotation are currently used:

A. Semi-Automated Annotation

The semi-automated annotation process means that the on-
tology will often be manually labeled and enriched by an
expert (i.e. a human annotator). Several previous studies
were the subject of semi-automated bio-ontologies annota-
tion, including [28] where the authors have proposed the
Dresden Ontology Generator for Directed Acyclic Graphs
(DOG4DAG), a system which supports the creation and ex-
tension of OBO ontologies by semi-automatically generat-
ing terms, definitions and parent–child relations from text in
PubMed, the web and PDF repositories. DOG4DAG is seam-
lessly integrated into OBO-Edit. It generates terms by iden-
tifying statistically significant noun phrases in text. For def-
initions and parent–child relations it employs pattern-based
web searches. DOG4DAG systematically evaluate each gen-
eration step using manually validated benchmarks. The term
generation leads to high-quality terms also found in manu-
ally created ontologies. Up to 78% of definitions have been
validated and up to 54% of relationships between children
and ancestors can be retrieved. Furthermore, in [9] the au-
thors developed OMIT: Semi-Automated Ontology Devel-
opment for the microRNA Domain, which makes use of
machine intelligence, considers miR domain-dependent and
domain-independent properties/relationships, is scalable and
has significantly reduced human efforts. Experiments of
this approach have been conducted to thoroughly evaluate
the methodology. The authors contributions can be summa-
rized as: (i) The development and the critical improvement
of OMIT has been continued strongly based on previous re-
search results. (ii) They explored efficient and effective al-
gorithms with which the development of ontology can be
seamlessly combined with machine intelligence and carried
out in a semi-automated manner. Moreover, a methodology
was presented in [21] that addresses the capture of change
by predicting ontology extension. This work was motivated
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by the fact that these changes can be semi-automatically dis-
covered by analyzing the ontology data and its use. It is a
supervised learning based strategy that predicts the areas of
the ontology that will undergo extension in a future version
based on previous versions of the ontology. By pinpoint-
ing which areas of the ontology are more likely to undergo
extension, this methodology can be integrated into ontology
extension approaches, both manual and semi-automated to
provide a focus for extension efforts and thus contributing to
ease the burden of keeping the ontology up-to-date.

B. Automated Annotation

Automatic ontological annotation (also known as automatic
labeling or linguistic indexing) is the process by which a sys-
tem automatically assigns metadata to ontological classes.
Several computational approaches have therefore been pro-
posed for the annotation of bio-ontologies, such as TermGe-
nie [6]: a web-based class-generation system that comple-
ments traditional ontology development tools, in which all
classes added through pre-defined templates are guaranteed
to have OWL equivalence axioms that will be used for au-
tomatic classification and in some cases for inter-ontology
linkage. As a result, TermGenie was used to automatically
generate 4715 new classes. Morever, authors in [18] have de-
veloped LION/web: a web-based ontology enrichment tool
for lipidomic data analysis. This web-based interface had al-
lowed identification of lipid-associated terms in lipidomes.
LION/web has shown significant enrichment of high mem-
brane fluidity-related terms. Furthermore, authors in [1] have
proposed a method that uses machine learning and word em-
bedding to classify terms and phrases used in biomedical
Europe PMC full-text articles to refer to an ontology class.
Once labels and synonyms of a class are known, they used
machine learning to identify the super-classes of a class. For
this purpose, they identified lexical term variants, used word
embeddings to capture context information and rely on au-
tomated reasoning over ontologies to generate features and
they used an artificial neural network as classifier. The ef-
fectiveness of the method was shown by identifying terms
in Human Disease Ontology that refer to diseases and dis-
tinguishing between various categories of diseases. In [17]
UniProt has developed a method of annotation, known as
UniRule, based on expertly curated rules, which integrates
related systems (RuleBase, HAMAP, PIRSR, PIRNR) devel-
oped by the members of the UniProt consortium. UniRule
uses protein family signatures from InterPro, combined with
taxonomic and other constraints to select sets of reviewed
proteins which have common functional properties supported
by experimental evidence. This annotation is propagated to
unreviewed records in UniProtKB that meet the same selec-
tion criteria, most of which do not have (and are never likely
to have) experimentally verified functional annotation. Fur-
thermore, a deep learning framework called DeepGOA [29]
has been proposed to predict protein functions with protein
sequences and protein-protein interaction (PPI) networks.
To evaluate the performance of DeepGOA, several different
evaluation methods and metrics was utilized and the experi-
mental results showed that DeepGOA outperforms DeepGO
and BLAST.

III. IA-PrOnto

Proteins are biological molecules that contribute to the main-
tenance of cell structure, the catalysis of organic reactions
and the modulation of gene expression. They also play a cru-
cial role in determining disease causes. The availability of
structured protein knowledge is therefore one of the most im-
portant and frequently studied issues in biological and medi-
cal science. For this reason, the creation of universal protein
ontologies is a very challenging task, requiring both skills in
the field of ontologies modeling and design. This implies that
individuals of diverse backgrounds, such as genetics, philos-
ophy and computer science, should be involved in the ontolo-
gies development process, which is always a manual, time-
consuming and costly task. Thus, a dynamic development of
a Protein Ontology: PrOnto which can be used by scientists
for the application of personalized medicine, the discovery
of new diseases and the development of new drugs has been
explored in our previous research. However, the endeavor to
keep PrOnto up-to-date is a challenging and expensive task
that requires many experts. A major part of this work re-
lates to the introduction of new concepts in order to enrich
the protein ontology with more knowledge. To do this, we
propose an intelligent annotation approach which dynami-
cally enrich PrOnto, the annotation method was inspired by
the MVC pattern where the Model is the Protein Ontology,
the View is an Intelligent User Interface that allows experts
to annotate PrOnto semi-automatically and the Controller is
an intelligent agent that automatically annotates the Protein
Ontology from the external protein sources (i.e. UniProt [2],
Gene Ontology [5]).

Controller

PrOnto

External 
Protein 
Sources

Experts

Semi-automatic Annotation

Automatic Annotation

Figure. 1: The intelligent annotation of PrOnto

A. IA-PrOnto MVC Model

The intelligent annotation approach that we propose was in-
spired by the MVC pattern, an architectural framework that
divides an application into three major conceptual compo-
nents: the model, the view and the controller. Generally used
for Desktop GUI applications, this pattern became popular
with the advent of web apps. Today, almost all common lan-
guages support this architecture [22]. In our intelligent an-
notation approach, we have divided each part according to
its consistency with the MVC pattern, where the Model, the
central component of the framework is the Protein Ontology:
PrOnto. The View, the output representation of knowledge
represents an Intelligent User Interface that allows experts
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to interact with the knowledge and annotate PrOnto semi-
automatically. The Controller, which is an Intelligent Anno-
tation Agent that acts as an intermediate between the Model
and the View to handle both business logic and incoming re-
quests, enabling the dynamic annotation of PrOnto.

1) The model ”PrOnto”

PrOnto [15] is the model we rely on in order to accomplish
our goal. This Protein Ontology includes concepts (type def-
initions) that are data descriptors for proteomics data and
the relations between these concepts. The main features of
’PrOnto’ are: (i) a hierarchical classification from generic to
specific concepts (classes). (ii) an attribute list for each of
the classes. (iii) a set of relationships to link the concepts.
In PrOnto there are three sub-classes of ’Proteins’, called
generic classes that are used to define complex concepts:
’Known, Evolved and Abnormal proteins’. The ’Known pro-
tein’ class includes several classes which represent the differ-
ent types of proteins: Enzymatic, Immune, Transport, ...

Known proteins

+Super_protein
+Sub_protein 

Enzymatic

+Type
+Biological name
+Origin:
+DNA
+mRNA
+AA_seq
+Super_protein
+Sub_protein
+Relations

Proteins

Evolved proteins

+Super_protein
+Sub_protein 

Abnormal proteins

+Super_protein
+Sub_protein 

Immune

+Type
+Biological name
+Origin:
+DNA
+mRNA
+AA_seq
+Super_protein
+Sub_protein
+Relations

Transport

+Type
+Biological name
+Origin:
+DNA
+mRNA
+AA_seq
+Super_protein
+Sub_protein
+Relations

Figure. 2: The generic classes of PrOnto

Each new protein will be structured and integrated into
PrOnto as a sub-class of the generic classes: ’Evolved, Ab-
normal, Enzymatic, Immune, Transport,... with name for-
mat ’Protein’s biological name’. Example: ’Actin’, ’Alpha
amynase’, ... Evolved and abnormal proteins sub-classes
have name format like:’P0000001’, ’P0000002’,’P000000n’.
PrOnto currently comprises 15 concepts or classes, 78 at-
tributes or properties and 83 instances. However, this Protein
Ontology has been constructed in such a way that it can be
constantly expanded to include a very large number of pro-
teins.

2) The view ”IUI”

We model the view in our MVC annotation architecture as
an Intelligent User Interface, which is the output representa-
tion of knowledge that requires some form of artificial intel-
ligence (i. e. autonomy, information exchange and cooper-
ative management). Generally, an intelligent user interface
means that the computer side has advanced understanding of
the environment, which enables the interface to better under-
stand the user’s needs and to personalize or lead the interac-
tion [31]. The proposed Intelligent User Interface provides
experts with two features. First, it allows experts to inter-
act with ”PrOnto” by exploring or consulting the available

protein knowledge. The second feature provides experts the
ability to annotate current protein information with metadata
and enrich PrOnto with new proteins.

Compare

Consult

Search

Display 
Statics

Visualize 
3D Proteins

Predict 2D/3D
Protein 

Structures

Pairwise 
comparison

Multiple 
comparison

Validate
Protein information

Edit
Protein 

information

Download
Protein 

information

Search 
by name

Search 
by sequence

Print 
3D proteins

Add
new proteins

{Protein not 
found}

Condition

PrOnto

Experts
Controller

The Intelligent User Interface

Figure. 3: IUI use cases

The proposed IUI besides transmitting user requests to the
controller and leading the annotation process in order to en-
rich the ontology, it also proposes and constantly asks the
subscribed interface experts to check, validate and enrich the
current protein knowledge, although keeping track of the on-
tology modifications and updates to ensure the consistency
of the knowledge stored in PrOnto.

3) The controller ”IAA”

Which is the most important component of the MVC archi-
tecture, as it is responsible for decision-making, controlling
the system logic and serving as an intermediary between
the model and the view. In our annotation architecture,
we exploit the advantages of agents, including autonomy,
information exchange [12], and cooperative negotiation
to introduce an Intelligent Annotation Agent performing
the same functions as the controller to handle both the
interactions between Pronto and the IUI and to dynamically
enrich the Protein Ontology from external protein sources
[2]. In our approach, we concentrate primarily on PrOnto
evolution that can be: the population and/or the enrichment
of the ontology, which are sub tasks of ontology annotation.
This annotation is focused on information extracted from
the existing protein sources [5]. The Intelligent Annotation
Agent automatically and constantly adds complementary
and missing information to a PrOnto’s current protein,
depending on the results of the comparison between the
current protein and all the proteins found in the other existing
protein sources in order to dynamically enrich Pronto. On
the other side, we have a semi-automatic annotation that
is achieved with the guidance of an expert who interacts
directly with Pronto through the Intelligent User Interface,
which enables it to validate, modify and add new proteins.

The IAA keeps track of these improvements made to the on-
tology each time the expert updates PrOnto. With this pro-
cess, the Protein Ontology will be dynamically enriched and
will include a greater number of proteins and thereby become
a reference protein knowledge base that will be used for de-
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veloping effective disease prevention mechanisms, personal-
ized medicine and treatments, and other aspects of health-
care.

IUI IAA PrOntoExperts External 
Protein 
sources

1: Recuperate AA 
sequence

2: Recuperate AA sequence 
of know proteins

3: Compare 
sequences

4: Recuperate protein information

5: Annotate 

1: Ask checking, 
validation, enriching

2: Check,  Validate, Enrich
3: Transmit 

new information

4: Annotate 

1: compare proteins 2: Recuperate 
AA sequences

3: Get AA sequences

4: Comparing
5: Transmit results

6: Display results

Loop

Loop

1: Searach protein
2: Transmit request

3: Interrogate

5: Transmit protein
6: Display protein

4: Get protein

Protein not found

1: Consult protein
2: Transmit 

3: Recuperate

5: Transmit 
protein information

6: Display information

4: Get information

9: Integrate protein
7: upload information 8: Transmit information

Alt: Search

Alt: Compare

Alt: Protein found

Opt: Add protein

Alt: Consult

Figure. 4: Interactions of the Intelligent Annotation Agent

The Intelligent Annotation Agent acts on the basis of
the automatic/semi-automatic annotation processes that we
present below.

B. Semi-automatic annotation process

The key purpose of the semi-automatic annotation is to en-
sure the ontology’s reliability and extension through the
Intelligent User Interface, which helps experts to explore
PrOnto in order to discover the available protein knowledge
that can be used for the study of unknown proteins, the search
for new drugs and the application of personalized medicine.
The IUI also provides experts the ability to annotate exist-
ing protein information with metadata and to extend PrOnto
with new proteins. This semi-automatic annotation process
is triggered in two cases: First, when the IUI requests the
subscribed interface experts to check, validate or enrich the
Protein Ontology. In that case, all the information provided
by the experts will be used to annotate the current protein
or to classify and integrate a new protein. Second, once sci-
entists choose to consult the existing proteins or to look for
proteins. In that case, protein knowledge will be presented
to scientists. In addition, the IUI provides scientists with
the opportunity to validate the reliability of the knowledge
or correct erroneous information. Unless the searched pro-
tein can not be found in the ontology, the IUI recommends
that the scientist add it by providing the basic information of
this protein. When the scientist can provide this information,
the protein will be classified and inserted into PrOnto. If the
scientist can only have some protein details, this protein will

be classified and added as a protein with new properties (i.e.
abnormal or evolved). The semi-automatic annotation is il-
lustrated by the following algorithm:

Semi-automatic annotation algorithm
1: Begin
2: If (Search App Active) Then \\ The expert has launched a protein search.
3: If (Protein Found == ’true’) Then
4: If (Edit Option) Then
5: Edit () ; \\Modify protein information.
6: EndIf
7: If (Validate Option)
8: Validate () ; \\Confirm protein information.
9: EndIf
10: Else \\Protein Not Found.
11: If (Add Option) Then
12: If (Protein Info Available == ’true’) Then
13: Integrate Known () ; \\Integrate the protein as a known protein.
14: Else
15: Integrate Unknown () ; \\Integrate the protein as Unknown protein.
16: EndIf
17: EndIf
18: EndIf
19: EndIf
20: If (Consult App Active) Then \\The expert explores proteins.
21: If (Edit Option) Then
22: Edit () ;
23: EndIf
24: If (Validate Option)
25: Validate () ;
26: EndIf
27: If (Add Option) Then
28: If (Protein Info Available == ’true’) Then
29: Integrate Known () ; \\Integrate the protein as a known protein.
30: Else
31: Integrate Unknown () ; \\Integrate the protein as Unknown protein.
32: EndIf
33: EndIf
34: EndIf
35: End

This algorithm of annotation comprises three important pro-
cedures that allow the annotation of existing protein informa-
tion with metadata and permit the extension of PrOnto with
new proteins.

1) Validate ()

This procedure provides experts with the opportunity to vali-
date and confirm the protein information, the ’Validate’ func-
tion helps us ensure the reliability of the knowledge stored in
the ontology.

2) Edit ()

The ’Edit’ function permits experts to correct erroneous
information and annotate current proteins with metadata,
which can also ensure the reliability of the knowledge stored
in PrOnto.

3) Integrate ()

The integration function ensures the automatic protein
concepts structuring and classification into the ontology.
The integration is performed through the application of a
classification algorithm developed in our previous work [15].

The three functions (i.e. Validate, Edit and Integrate) gen-
erate a detailed and an automated recording of all ontology
updates, by whom and on what date they were initiated. The
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intention of this recording is to determine the sources of in-
formation from which the knowledge was obtained in order
to control the different processes.

C. Automatic annotation process

In our approach, the automated annotation involves extract-
ing information derived from existing protein sources [2, 5]
in order to automatically and constantly integrate new pro-
teins or to add additional and missing information to current
proteins, based on the results of the protein comparison with
all known proteins in other existing protein sources.

External 
Protein 
Sources

PrOnto

Sequence 
Alignment

Amino acid sequence of current protein

Amino acid sequences
 of known proteins

Ss

Similarity 
score

New protein 
discovered

Current protein 
annotation

Ss = 0

Experts
Inform experts

Protein 
categorization

Reclassify

Update Ontology

Label as abnormal

2D/3D Structure 
Prediction

0 < Ss ≤ 1
2D/3D protein 
does not exist

0 < Ss ≤ 1
2D/3D protein 

exist

Predict

Annotate

Annotate

Figure. 5: The automatic annotation process

The intelligent Annotation Agent ensures the dynamic (i.e.
automated and ongoing) application of this process as de-
scribed in the following algorithm:

Automatic annotation algorithm
1: Input: X // The AAS retrieved from PrOnto.
2: Input: Seqn // The AAS extracted from known protein sources.
3: Begin
4: Compare (X, Seqn);
5: If (PSS (X, Seqn) = 0 ) Then
6: Inform (); // Inform experts that a new protein has been identified.
7: Tag (X); // label X as an abnormal protein.
8:Else // PSS (X, Seqn) 6= 1
9:Recuperate (C(Seqn)); // The corresponding protein C.
10: Recuperate (PC(Seqn)); // The partial corresponding protein PC.
11: If (2D.3D == ’false’) Then // No 2D or 3D structure.
12: Predict 2D/3D (); // Predict automatically the 2D/3D structures.
13: EndIf
14: Annotate (X(C, PC)); // Annotate X
15: Reclassify (X); // Reclassify X in the ontology
16: EndIf
17: End

The automated annotation algorithm comprises three impor-
tant functions:

1) Compare ()

We developed a multiple sequence alignment technique to
compare a current protein contained in PrOnto with all
known proteins available in the existing protein sources in
order to recuperate metadata and missing information, which

will be used to automatically annotate PrOnto’s current pro-
teins. The proposed sequence alignment technique consists
to recuperate all protein sequences from the available sources
and align them with PrOnto’s current protein sequence. This
alignment creates a similarity score matrix between the cur-
rent protein sequence, denoted below as X and all known
protein sequences, denoted as Seq1, Seq2,...Seqn

X Seq1 Seq2 Seq3 Seqn

X Ss = 1 Ss (X, Seq1) Ss (X, Seq2) Ss (X, Seq3) Ss (X, Seqn)

Seq1 Ss (Seq1, X) Ss = 1 Null Null Null

Seq2 Ss (Seq2, X) Null Ss = 1 Null Null

Seq3 Ss (Seq3, X) Null Null Ss = 1 Null

Seqn Ss (Seqn, X) Null Null Null Ss = 1

The pairwise similarity score between X and Seq1, Seq2,
Seq3, ...Seqn depends on the similarities and dissimilarities
between the amino acids in each sequence position. A corre-
spondence between the amino acids is counted as 1, C = 1,
and a dissimilarity or a gap in the case of local alignment is
counted as 0, D = 0. The pairwise similarity score is calcu-
lated as follows:

Ss(X,Seqn) =

∑
C,D

NAA
(1)

Where C and D represent the similarities and dissimilarities
between the amino acids and NAA represents the number of
amino acids constituting the sequence, as illustrated in the
following example:

--- LysThrGluLysX:
--- LysThrGluLysSeq1:

1111

Ss(X,Seq1) =

∑
C,D

NAA
=

4

4
= 1 100 % (2)

The calculation of all the pairwise similarity scores will en-
able to get the following similarity score matrix.

Sequences Seq1 Seq2 Seq3 Seqn

X Ss (X, Seq1) = 1 Ss (X, Seq2) = 0.4 Ss (X, Seq3) = 0 Ss (X, Seqn) = 0.2

Based on this similarity score matrix we can calculate the
Pairs Similarity Sum as below:

PSS(X,Seqn) =
∑

Ss(X,Seqn) (3)

The multiple alignment results will be one of the following
cases:

1. PSS (X, Seqn) = 0 : The current protein does not match
any known protein. In that case, the IAA will notify
experts that an abnormal protein has been identified in
PrOnto and it will be labeled as an unknown protein.

2. PSS (X, Seqn) 6= 0 : The current protein sequence
matches perfectly a sequence of a known protein and/or
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matches partially some known proteins. In this case, we
will have two different situations based on the similarity
score of each pair:

• Ss (X, Seqn) = 1 : The current protein sequence
matches perfectly a sequence of a known protein and
also matches partially some known proteins. In this
case, all missing information will be added to the cur-
rent protein from the external protein sources including
the 2D and 3D protein structures if they exist, otherwise
the 2D and 3D structures will be automatically predicted
based on a machine learning technique which is a work
in progress that will be presented in our future work.
Furthermore, relationships between the current protein
and all partially similar proteins will be automatically
generated.

• 0 < Ss < 1: The current protein sequence partially
matches some known proteins. The Intelligent Anno-
tation Agent will label the current protein as a poten-
tial evolved protein and will generate automatically re-
lationships between the current protein and all partially
similar proteins.

2) Annotate ()

For both semi-automatic and automatic annotation the ’An-
notate’ function ensures that any missing information in cur-
rent proteins will be added semi-automatically by the experts
or automatically from the external protein sources. This addi-
tional information can be: any important metadata (i.e. Pro-
tein type, origin, biological name, features, functions, activi-
ties, relationships,...) or the 2D/3D protein structures as only
the primary protein structure is represented in PrOnto’s cur-
rent proteins.

3) Reclassify ()

This function enables PrOnto’s protein concepts to be re-
categorized each time a protein is annotated, as described in
the state chart diagram below:

PrOnto

Abnormal

Evolved

Known

Full 
annotation

Partial 
annotation

Full 
annotation

Reclassification

Reclassification

Current Proteins

Figure. 6: The current protein re-categorization

First, assuming that the PrOnto’s current abnormal or
evolved protein has been annotated with the same knowl-

edge as a known protein, this will generate an automated
re-categorization from the Abnormal or Evolved class to the
Known class.

Secondly, an automatic re-categorization from the abnormal
class to the evolved class will then be triggered when the
PrOnto’s current abnormal protein has been partially anno-
tated with the same knowledge of a known protein.

IV. Software application and experiment

We have developed a software application according to the
IA-PrOnto MVC model to simulate and to experiment the
proposed intelligent annotation approach. The software ap-
plication has been developed as a back and front platform
that permits both semi-automatic and automatic PrOnto an-
notation.

Consult

IA-Pr   nt

21%
Automatic Annotation

Current proteins 
annotated

43%
Home

Consult

Search

Compare

Predict 
2D & 3D

Visualize
3D Proteins

Statistics

Figure. 7: IA-PrOnto Platform

A. Platform back-end

The platform back-end represents the behaviour of the Intel-
ligent Annotation Agent, which automatically and continu-
ously annotates and enriches the Protein Ontology.

Consult

Search

CompareHome

Predict 
2D & 3D

Visualize
3D Proteins

IA-Pr   nt Automatic Annotation 

> 43 % of current proteins annotated ...

> 07/01/2021  8 : 21  pm (GMT)

> 'P00012' matches 'Actin' protein: 
    Similarity  Score = 1  100% 
 
> Missing information recuperated from: 45.22.10.20 

> 2D/3D Files imported successfully

> 'P00012' annotated and recategorized successfully 

>

Figure. 8: Back-End of the IA-PrOnto Platform

B. Platform front-end

The proposed Intelligent User Interface is the platform’s
front-end, allowing experts to interact with ”PrOnto” by dis-
covering and consulting the available protein knowledge.
Experts can consult proteins, search for proteins, compare
proteins, predict 2D/3D protein structures and visualize 3D
protein models by using the platform’s front-end.
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1) Consulting available proteins

As shown in Figure 9, the platform provides experts all the
protein information required to be used in scientific research.

Consult

Search

CompareHome

Predict 
2D & 3D

Visualize
3D Proteins

IA-Pr   nt Consulting Proteins

Protein Name:

Category:

Type:

Super-Protein:

Sub-Protein:

Hemoglobin

Known

Immune

Immune

Download File for more information

EditValidate

General Information Origin 2D/3D

Figure. 9: Consulting interface

In addition, the platform provides experts the opportunity
to validate the reliability of knowledge or to correct inaccu-
rate information. This option allows us to ensure the semi-
automatic annotation of PrOnto.

Consult

Search

CompareHome

Predict 
2D & 3D

Visualize
3D Proteins

IA-Pr   nt Editing protein information

Protein Name:

Category:

Type:

Super-Protein:

Sub-Protein:

Edit

General Information Origin 2D/3D

Hemoglobin

Immune

None Edit protein picture

+ Add more information

Immune

Known

Figure. 10: Protein information editing

2) Searching proteins

The Intelligent User Interface allows experts to search for
proteins by name or by the amino acid sequence.

Consult

Search

CompareHome

Predict 
2D & 3D

Visualize
3D Proteins

IA-Pr   nt

Searching proteins

Protein Name:

Protein Amino Acids Sequence: Browse file

Search

Figure. 11: Searching proteins

If the desired protein is not found in PrOnto, the IUI advises
the scientist to include it by providing the protein’s basic in-
formation.

Consult

Search

CompareHome

Predict 
2D & 3D

Visualize
3D Proteins

IA-Pr   nt Adding new protein

Protein Name:

Category:

Type:

Super-Protein:

Sub-Protein:

Add
+

General Information Origin 2D/3D

Immune

None Add protein picture

+ Add more information

Immune

Known
+

+

Figure. 12: Adding a new protein

This option allows us to ensure the evolution of the Protein
Ontology.

3) Comparing proteins

Scientists can use the platform to compare proteins in or-
der to find mutations and variations between a protein under
study and a reference protein in PrOnto.

Consult

Search

CompareHome

Predict 
2D & 3D

Visualize
3D Proteins

IA-Pr   nt

Comparing proteins

Protein Amino Acids Sequence: Browse file

Actin
Alpha_Amynase
Arp2/3

AllCompare to: Align

Figure. 13: Comparing proteins

4) Visualizing 3D protein Models

The platform proposes a 3D visualisation that allows all pro-
tein knowledge to be provided.

Consult

Search

CompareHome

Predict 
2D & 3D

Visualize
3D Proteins

IA-Pr   nt Visualizing 3D proteins 

Glycated Hemoglobin

3D model General information Origin

Zoom 360°

Print 
3D Model

Figure. 14: 3D protein visualization
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C. Experiment

We engaged the help of multiple experts who agreed to use the platform in order to evaluate our approach. The experiment
lasted four months and gave us the following results:

Protein Knowledge Protein Categories
Instances Attributes Relations Known Evolved Abnormal

PrOnto V0 83 78 86 13 17 53
Month1 +316 +188 +336 +280 +20 -8
Month2 +180 +204 +208 +156 +12 +15
Month3 +132 +88 +152 +120 +12 -13
Month4 +32 +60 +52 +68 +4 -6

PrOnto V1 743 618 834 637 65 41

Table 1: Experiment results1

These results indicate how the number of proteins Knowledge (i.e. instances, attributes, relationships) increased remarkably
over the four months that our platform was in use, resulting in a higher number of known and evolved proteins integrated into
PrOnto than before the platform was used (Figure 15).
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Figure. 15: Results1 analysis
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In addition, the four-month experiment has shown that 413
proteins were annotated and additional metadata including
secondary and tertiary protein structures have been added to
the existing proteins.

Protein annotated Protein structures
Semi

Automatic Automatic Primary 2D 3D

PrOnto V0 - - 83 0 0
Month1 +50 +31 +316 +68 +56
Month2 +59 +24 +180 +96 +52
Month3 +60 +57 +132 +112 +68
Month4 +66 +66 +32 +96 +80

PrOnto V1 235 178 743 372 256

Table 2: Experiment results2

According to these results we can notice that 43% of the
413 annotated proteins were automatically annotated by the
Intelligent Annotation Agent, while the others were semi-
automatically annotated under expert guidance. We can also
see that the intelligent annotation process has enabled the
three protein structures (primary, secondary, and tertiary) to
be fully identified, which allows all protein information to be
available at the three different structures. These information
will be used to better understand the functions and the activ-
ities of the proteins to develop effective mechanisms for dis-
ease prevention, personalized medicine and treatments, and
other healthcare aspects.
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Figure. 16: Results2 analysis

In this experiment, we were able to evaluate the proposed in-
telligent annotation approach, which dynamically annotates
and enriches the Protein Ontology. Moreover, the findings of
the experiment showed how the proposed solution can extend
the ontology in a few months and thereby becomes a refer-
ence protein knowledge base that integrates a vast amount
of structured and reliable information to enable a better un-
derstanding of protein functions and activities, allowing the
analysis of unknown proteins, the discovery of new therapies,
and the application of personalised medicine.

V. Discussion

Protein knowledge are diverse, evolving and rising at a faster
rate, making it more difficult for researchers to keep up with
current discoveries. As a result, ontologies have played an
important role in addressing this issue because they pro-
vide a structured model for representing knowledge, enabling
its collection, dissemination, and computational study [19].
Keeping a Protein ontology up to date is a time-consuming
and costly process that requires the involvement of many ex-
perts. A large portion of this work is dedicated to the inclu-
sion of new proteins and the annotation of existing proteins
with additional metadata. Extending and annotating bio-
ontologies is a challenging task that requires both modelling
and design abilities. This means that people with a multi-
tude backgrounds, such as biology, philosophy and computer
science should be involved in the annotation process, which
is often a manual, time-consuming and expensive process.
These challenges caused the development of computational
approaches able to support semi-automatic and automatic an-
notation of bio-ontologies.

Semi-automatic
Annotation Automatic Annotation

[28] X
[6] X
[9] X

[21] X
[18] X
[1] X

[17] X
[27] X
[4] X

[26] X
[29] X
[25] X
[3] X

[30] X
IA-PrOnto X X

Table 3: Comparative study

The proposed MVC-inspired approach for Intelligent
Annotation of PrOnto combines both semi-automatic and
automatic annotation methods in order to better guide the an-
notation process and ensure the reliability and the evolution
of the protein knowledge. Unlike some existing annotation
solutions [28, 9, 6, 1] that annotate semi-automatically or
automatically static protein sources with a limited number of
concepts and properties, IA-PrOnto annotates and extends
the Protein Ontology automatically and continuously with
more reliable knowledge. Furthermore, and as demonstrated
in the four-month experiment the intelligent annotation
approach has remarkably increased the number of protein
knowledge integrated in PrOnto. This increase has affected
the amount of protein instances, attributes, relationships and
structures, causing a reclassification of protein categories
(i.e. known, evolved, abnormal), which has permit to pro-
vide all protein knowledge needed for developing effective
disease prevention mechanisms, personalized medicine and
treatments and other aspects of healthcare.

There are actually 743 instances, 618 attributes or proper-
ties, and 834 relationships in PrOnto. In contrast to the exist-
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ing protein ontologies (UniProt [2] and Gene Ontology [5]),
which contain thousands of proteins, the number of proteins
in PrOnto is still insufficient.
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Figure. 17: Comparison with the existing protein ontologies

PrOnto will continue to be dynamically enriched and ex-
panded as long as life remains and it will contain a large
variety of proteins.

VI. Conclusion

Genetic and protein information are crucial for further un-
derstanding life and addressing problems in medical, phar-
maceutical and pathological fields. For that reason, in recent
years, researchers have concentrated their efforts on acquir-
ing and comprehending these information stored in cells. In-
deed, the ability to sequence the genetic code of various or-
ganisms, ranging from simple bacteria and viruses to the ge-
netic code of humans has made genetic information widely
available. Despite the fact that this newly available genetic
material has opened up new avenues for a deeper understand-
ing of life, there are still certain issues to be resolved. One
of these is the availability of protein information. Therefore,
to make protein information available, it is necessary to de-
velop a structured data representation, such as protein ontolo-
gies. Thus, PrOnto was created to provide a reference pro-
tein knowledge base that can be used for disease prevention,
personalised medicine and therapies, as well as other aspects
of healthcare. However, in order to keep PrOnto updated,
we have proposed a dynamic (i.e. automatic and continu-
ous) annotation solution. Indeed, the MVC pattern’s features
(such as simultaneous development, high cohesion, low cou-
pling, and simplicity of modification) inspired us to propose
an MVC approach for the intelligent annotation of PrOnto.
The main aim of this approach was to annotate and enrich
the Protein Ontology with a large number of additional meta-
data, allowing PrOnto to be updated dynamically. Further-
more, the software application and experiment has demon-
strated the dynamic extension of the ontology with 660 more
proteins and 748 additional relations between the proteins.
Moreover, the proposed annotation solution has showed the
involvement of the Intelligent User Interface and the Intel-
ligent Annotation Agent in better understanding the user’s
needs and personalizing or guiding the annotation process.
Our proposal, however, is not without drawbacks. We intend
to address these issues in the future by proposing a machine
learning method for secondary and tertiary structure predic-

tion as our approach is currently based solely on sequence
alignment technique to automatically predict the 2D/3D pro-
tein structures.
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