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Abstract. Although experts in the genomics field now work with bioinformatics
tools (software) to generate genomic diagnoses, the fact is that these solutions do
not fully meet their needs. From the perspective of Information Systems (IS), the
real problems lie in the lack of an approach (i.e., Software Engineering tech-
niques) that can generate correct structures for data management. Due to the
problems of dispersion, heterogeneity and the inconsistency of the data, under-
standing the genomic domain is a huge challenge. To demonstrate the advantages
of Conceptual Modeling (CM) in complex domains -such as genomics- we
propose two web-based tools for genomic diagnosis that incorporates: (i) a
Conceptual Model for the direct-to-consumer genetic tests (DCGT), and (ii) our
Conceptual Model of the Human Genome (CMHG), both with the aim of taking
advantage of Next-Generation Sequencing (NGS) for ensuring genomic diag-
nostics that help to maximize the Precision Medicine (PM).
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1 Introduction

The study and understanding of the human genome (how life works on our planet)
could probably be considered one of the great challenges of our century. Thanks to the
advances in NGS (Next-Generation Sequencing) [1], there has been considerable
growth in the generation of genomic and molecular information. In addition, the
interactions that are available with this genomic knowledge have a direct impact on the

medical environment and Precision Medicine (PM) [2].

The application of Conceptual Modeling (CM) [3] techniques to the genomic
domain now provides solutions and optimizes some of the processes carried out by
experts (i.e., in genetic laboratories and hospitals), and helps to solve the problems that
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arise in handling the large amounts of information from different sequencing methods.
The use of advanced Information System (IS) engineering approaches can be useful in
this domain due to the huge amount of biological information to be captured, un-
derstood and effectively managed. A considerable part of modern Bioinformatics is
devoted to the management of genomic data. The existence of a large set of diverse
data sources containing large amounts of data in continuous evolution makes it difficult
to find convincing solutions [4]. When we addressed this problem from the IS per-
spective, we understood that precise CMs were required to understand the relevant
information in the domain and to clearly fix and represent it to obtain an effective data
management strategy.

Research and genetic diagnoses are typical examples of the work done by experts -
biologists, researchers or geneticists- every day. However, some information is
required to perform these tasks. Where are these data? Currently, this information is
dispersed in genomic repositories including web sites, databanks, public files, etc.,
which are completely heterogeneous, redundant, and inconsistent (containing partial
information) [5]. In addition, most of these just focus on storing specific information in
order to solve a specific problem (e.g., UniProt: a catalog of information on proteins).

Due to these characteristics, we are able to estimate the difficulty of experts in
finding and manipulating certain genomic information, making this goal almost
impossible to achieve. Another relevant factor in the domain is the constant growth and
updating of the data (i.e., biological concepts). The use of standard definitions of
concepts is not mandatory, so that sometimes the same term can have different defi-
nitions, in which case the meaning of the concept depends on the interpretation given to
it by the expert. After studying this situation, we decided to develop a Genomic
Information System (GelS) for facilitating the elaboration of end-user’s genetic tests.
Two strategies have been followed for accomplishing an adequate data treatment and
management policy:

1. To provide “GenesLove.Me” (GLM) as a web application designed to generate

direct-to-consumer genetic tests (DCGT) supported by BPMN [6] and CM [3]
techniques to study and analyze the essential elements of the processes involved in
the genomic diagnosis process and improve the development of GelS.
The current availability of DCGT has a great number of advantages for the genomic
domain, making it easier for end-users to access early genetic-origin diseases
diagnosis services. Romeo-Malanda [7] defines “direct-to-consumer genetic anal-
ysis'” as a term which is used to describe analytic services offered to detect
‘polymorphism’ and ‘health-related genetic variations’.

2. To develop a prototype tool (“VarSearch”) for helping the treatment and manage-
ment of genomic data. This application contrasts a set of genomic variations with
the information contained in a database that follows the Conceptual Model of the
Human Genome (CMHG). This model is much more general and “ambitious” with
respect to the behavior of the human genome, and it consists of the following

! This type of analysis is available through direct sales systems in pharmacies or other health care bodies,
but the Internet has become the main selling channel for direct-to-consumer genetic analyses [7].
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“views”: Structural, Transcription, Variation, Phenotypic, Pathways, and Biblio-
graphic references [4, 8].

Applying GelS to the bioinformatics domain is a fundamental requirement, since it
allows us to structure our Human Genome Database (HGDB) with curated and
validated data (to treat the data that will be used in the proposed application, we
implemented the SILE methodology [9]).

The initial research on applying CM approaches to the human genome was reported
in the works of Paton [10] and Ram [11]. The main goal in Ram’s work was to
show the advantages and benefits of using CM to compare and search for the
protein in 3D (see other related works in [12]). Reyes et al. describes a CMHG [4]
which proposes a domain definition at the conceptual level. From this CMHG, we
generated a GelS to support VarSearch. The application of CM helps us to better
understand and manage the knowledge of the human genome.

The efficient use of advances in genomic research allows the patient to be treated in
a more direct way, which is reflected in results such as: “better health” and “quality of
life”. The genomic domain requires methodologies and modeling techniques capable of
integrating innovative ideas into: (a) data management; (b) process improvement; and
(c) the inclusion of quality standards.

In this context, the goal of the present study, which is based on our previous work
[13], is to explain the functionality of the prototype called “VarSearch”, which starts
and ends its interaction in the BPMN described above in processes T10 and T11. This
tool has been developed with the objective of generating the genetic diagnosis that will
be provided to the end-user through the GenesLove.Me platform. The advances over
our previous work [13] are:

e The description of genetic tools based on conceptual models for the generation of
genomic diagnoses, which contribute greatly to the management of the data par-
ticipating in PM, and

e The explanation of the VarSearch prototype, which is used to generate the genomic
diagnosis from the HGDB. In addition, preliminary steps will be described to work
with the prototype, such as loading the database, selecting different data reposito-
ries, and others.

The paper is divided into the following sections: Sect. 2 reviews the present state of
the art. Section 3 describes BPMN applied to the genomic diagnosis process. Section 4
contains the two genetic tools (“GenesLove.Me” and “VarSearch’) based on concep-
tual models. Section 5 describes a case study with the VarSearch tool, and Sect. 6
summarizes the conclusions and outlines future work.

2 Related Work

Bioinformatics now play an important role in contributing advances to the medical and
technological sector. Genetic testing reveals existing knowledge about “genes” and
“variations” in the genomic domain, which is used to diagnose diseases of genetic
origin in order to prevent or treat them. This brings PM closer to end-users (i.e., clients
or patients).
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The study of genomics (i.e., data repositories, genetic variations, diseases, treat-
ments, etc.) is constantly growing and is increasingly seeking to ensure the application
of PM. DNA sequencing began in 1977 and since then software tools have been
developed for its analysis. Thanks to NGS Technologies [14], it is now possible to
manipulate files (e.g., VCF: Variant Call Format) in order to generate genetic diag-
noses in a more agile and efficient way [15].

2.1 Precision Medicine (PM) and Genetic Tests

PM is a way of treating patients that allows doctors to identify an illness and select the
treatment most likely to help the patient according to a genetic concept of the disease in
question (therefore it has also been called Personalized Medicine) [16]. The advantages
of genetic tests are innumerable and allow us to identify mutations or alterations in the
genes and are of great use and interest in clinical (personalized medicine) and the early
diagnosis of diseases. By 2008 there were around 1,200 genetic tests available around
the world [17], but they had some limitations (e.g., data management, genome
sequencing, etc.) and their cost was quite high.

For this reason, companies were interested in reducing costs and providing services
to end-users in the comfort of their own homes. Technological advances played a
fundamental role in the genomic environment, since the introduction of the NGS for
sequencing samples made it possible to obtain sequences more quickly and cheaply
[18, 19].

23andMe is an American company that offers a wide range of services [20], and the
type of information obtained from genetic samples is oriented to (i) genetic history
(ancestors) and (ii) personal health (risk of diseases), and is presented mostly in
probabilistic terms [21].

In the same way, in Spain companies of this type have emerged (e.g., TellMeGen®
or IMEGEN?), all with the aim of providing genetic tests to end-users, simply and in
the form of providing a diagnosis that allows end-users to take reactive or corrective
actions (e.g., prevention and treatment) to improve their quality of life.

The genomic tools presented in this work goes one step beyond from an Infor-
mation Systems and Conceptual Modeling points of view, providing a working plat-
form strictly dependent on a precise Conceptual Model of the Human Genome
(CMHG), that semantically characterizes the genomic data to be managed and
interpreted.

2.2 Genetic Tools for Annotating Variations

In genomic practical settings, the annotation of variation is the most common strategy
used for trying to determine which are the correct data to be considered. In this work,
we consider SnpEff, Annovar, and VEP, which are three of the major tools that attempt
to classify variants.

2 www.tellmegen.com/.

3 https://www.imegen.es/.
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SnpEff [22] annotates and predicts the effects of genetic variants building a local
database by downloading information from trusted resources. After the database is
loaded, SnpEff can analyze thousands of variants per second. However, loading a
database is a very expensive task from the point of view of resources, and it is even
recommended to increase the default Java memory parameters.

On the other hand, although SnpEff can be run in a distributed fashion (using
Amazon Cloud Services), and offers limited web interfaces, it is command-line ori-
ented. SnpEff can also be integrated with other tools such as GATK* or Galaxy”.

The Annovar software tool annotates variants [23]. The first step when using
Annovar scripts is to populate its local database tables using an extensive set of external
sources. It is then possible to annotate variants from a VCF file to get a separate custom
tab file. wAnnovar (Web Annovar) provides an easy and intuitive web-based access to
the most popular Annovar functionalities and allows users to submit their own files and
wait for the results of the analysis report. Like SnpEff, Annovar is command-line
oriented and does not provide a well-documented API for framework integration.

VEP (Variant Effect Predictor) [24] determines the effect of the variants by
querying external databases directly, with no need to load the local database (although
it is recommended for performance reasons). Like SnpEff and Annovar, it is command-
line oriented and web-access is functionally limited. In order to achieve integration,
basic VEP functionalities can be extended using VEP plugins. Table 1 compares
VarSearch with these three tools:

Table 1. Annotation tools comparison.

Feature SnpEff Annovar VEP VarSearch
Distributed architecture | V \ \

Type of application Desktop Desktop Desktop Web
Multiple database sources | V y \ \/

Standard input formats \ y \/ N

Standard output formats Y X S S

Design paradigm Data-oriented | Data-oriented | Data-oriented | Model-driven
Integration facilities Y X \ \/

As shown, VarSearch overcomes limitations by:

e Being based on a Java EE multitier applications architecture, which is a solid
approach to high-level applications in complex and heterogeneous environments.
This allows VarSearch to be easily integrated with other web applications; the
software is fully localized, etc.

e Using a service oriented framework [25], which improves interoperability and
integration.

4 https://software.broadinstitute.org/gatk/.
3 https://usegalaxy.org/.
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e Relying on a model-driven instead of a data-oriented paradigm. VarSearch uses a
projection of the CMHG.

e Providing a functionally complete web interface with the ability to download results
in standard output file formats, which can then be post-processed by third-party
tools.

As VarSearch follows a “client/server” architecture, data loading has no impact on
client performance, thus improving user experience. Data loading can be done off-line
on the server so that researchers can query data on the fly with a short response time.

3 BPMN: Genomic Diagnosis Process

The GemBiosoft company is a spin-off of the Universitat Politécnica de Valéncia
(UPV), founded in 2010. The main objective of this company is to define the CMHG to
obtain a precise schema to manage, integrate and consolidate the large amount of
genomic data in continuous growth within the genomic domain.

GemBiosoft has a web application called “GenesLove.Me” which offers DCGT to
the consumer. The information provided by the genetic tests is accessible online to all
users without prior registration (anonymous users). For example, non-registered users
of the web application are able to consult all information related to the diagnosis of rare
diseases of genetic origin, their characteristics, treatment, tutorials and videos of the
way in which the process is performed.

The access security in GenesLove.Me is controlled by profiles. Users can access
GLM under three profiles: (1) clients (patients), (2) provider and (3) administrator. An
authenticated user with a certain access profile is authorized to carry out the operations
corresponding to the access profile.

(1) Clients (patients): Users with this profile are able to contract the services offered
by selecting the services (DCGT) they are interested in and then paying the fee.
The user is able to monitor the notifications and messages related to the diagnoses,
besides consulting the histories of all the studies and treatments carried out and
updating the information associated with his profile.

(2) Supplier: Users with this profile are able to generate notifications about the change
of status in the treatment of samples. After receiving the genetic sample, the user
activates the sample by entering its code number. They can then track the sample
until the sequence file is generated. They can also update their profiles and consult
all the activated samples (in progress and finalized).

(3) Administrator: A user with administration privileges performs administration and
maintenance tasks of the web application, such as:

(a) publishing online results (the administrator uploads the resulting diagnoses
from the analysis performed on samples sequenced by the VarSearch tool.
The application automatically notifies the user when his/her results have been
published);

(b) publishing advertisements;
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(c) publishing new diagnostic services to diagnose new diseases; and
(d) consulting payment reports and the application usage report (custom time
period).

Genetic tests are currently offered with the aim of detecting a person’s predispo-
sition to contracting a disease of hereditary origin [26]. The bioinformatics domain
seeks to provide the necessary mechanisms and means to generate genetic diagnoses
that allow the end-users (patients) to obtain these results to facilitate a personalized
prevention treatment.

Users
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Fig. 1. Genetic diagnosis process [13].

Suppliers

In order to improve the understanding of the whole process using a different CM
technique (business process-oriented), Fig. 1 shows a BPMN diagram describing the
genetic diagnosis process (from the end-user’s service request until he/she receives
his/her genetic test report).

Our goal is to reinforce the CM perspective of this work, in order to make CM an
essential working procedure to design and implement effective and efficient genomic
tools. In this process, the three actors/users specified are involved: (1) The client
(patient) who requests the service to determine whether or not he/she has a disease of
genetic origin; (2) The company, in this case GemBiosoft, which is in charge of
managing and performing the genomic diagnosis; and (3) the Suppliers, who in this
case prepare the file containing the reference of the patient involved in the genetic test.

The general process begins when the end-user (patient) enters the web application
and requests the genetic analysis (t1: task 1). The company (GemBiosoft) processes this
request and proceeds to send the sample container to the client (t2). When the client
receives the container, he must activate it by registering its identifier in the web
application (t3), then place the sample in the container and send it back to the company
(t4). Upon receipt of the sample, the company confirms that it meets the necessary
requirements for the study and notifies the customer of its receipt (t5). The next step is
to determine the supplier who will be responsible for sequencing the samples and send
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him the sample (t6). The selected supplier receives the sample and notifies its reception
to the company (t7). Sequence preparation is initiated through the sequencing tech-
nology used by the supplier (t8). The supplier sends the resulting sequence of the
sample (file) to the company (t9). The company confirms its reception to the supplier
and proceeds to analyze the sequenced sample as part of the genetic diagnosis (t10).
The definitive diagnosis report (t11) is then generated. The company (in this case the
administrator/user) proceeds to publish the genetic diagnosis (result) in the web
application and the end-users are automatically notified of the results (t12). To end the
process, the end-user accesses the web application to obtain the diagnosis and make
any queries (results) (t13). In this work, we want to go deeper into tasks ‘t10” and ‘t11°,
to better understand the genomic diagnosis generation process.

The BPMN gives companies the ability to understand their internal business pro-
cedures in graphical notation and the ability to communicate these procedures in a
standard way [27].

Through the model shown in Fig. 1, it facilitates the understanding of commercial
collaboration and transactions between organizations. In this figure, we can see the
interactions between end-users, company and suppliers [15]. The company is interested
in providing a web application that allows end-users to obtain a quality genetic test in a
simple way that aids the treatment and prevention of diseases of genetic origin.

3.1 Exploitation Tasks 10 and 11 (T10-T11)

In this work, we want to enhance the use of VarSearch to generate the genomic
diagnostics offered through GLM®. For this, it is important to note that GLM includes
interaction with VarSearch (see tasks 10 and 11 of Fig. 1), an application developed by
PROS Research Center’ to automatically identify the relevant information contained in
the genomic databases and directly related to the genetic variations of the sequenced
sample.

VarSearch relies heavily on a CMHG, which makes integration of external geno-
mic databases feasible. However, due to the large amount of information available, the
data loaded in VarSearch are the result of a selective loading process [9] where the
selected data correspond to the relevant information on the disease to be analyzed.

4 Genetic Tools Based on Conceptual Models

It is widely accepted that applying conceptual models facilitates the understanding of
complex domains (like genetics). In our case we used this approach to define two
models representing:

(a) the characteristics and the processes of DCGT [13], and
(b) the behavior of the human genome (CMHG) [28]. One of the leading benefits of
CM is that it accurately represents the relevant concepts of the analyzed domain.

6 http://geneslove.me/index.php.
7 http://www.pros.webs.upv.es/.
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After performing an initial analysis of the problem domain, the next step is to
design a domain representation in the form of a conceptual model.

Our conceptual models can evolved with the new discoveries made in the field of
genomics in order to improve data processing to ensure effective PM. We can thus see
how CM gives positive support to the knowledge in which precision medicine plays a
key role [28]. It is important to highlight that the advantage of CM for representing this
domain is that it eases the integration of new knowledge into the model [5].

4.1 GenesLove.Me (GLM)

After an analysis of the requirements required for this work, important decisions were
taken to arrive at an adequate representation of the basic and essential concepts in the
understanding of the domain under study.

Figure 2 presents the conceptual model proposed, which can be classified into three
main parts: (a) Stakeholders: represents all the participants involved in the web
application; (b) Genetic diagnostics: represents everything related to diseases offered,
diagnoses and samples of patients; and (c) Sales management: represents the man-
agement of services offered, purchases and payments.

c¢) Sales management
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Fig. 2. GLM conceptual model [13].

The complete description of the CM can be found in the previous work [13].
Through our CM we incorporate genetic data currently used in the PM, achieving a
conceptual representation that meets the needs of the bioinformatics domain. As we
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mentioned above, this model aims to improve the conceptual definition of the treatment
related to genomic diagnosis, and thus leave a conceptual framework for further
improvements.

4.2 VarSearch (Prototype)

A GelS can be defined as a system that collects, stores, manages and distributes
information related to the behavior of the human genome. As mentioned above, the
GelS described here is based on the CMHG [4, 8, 28]. This section deals with the
preliminary steps and the design and implementation of the prototype.

4.2.1 First Steps

VarSearch is based upon the E-Genomic Framework (EGF), described in depth in
different research papers such as [25, 29]. For the implementation of the tool, a series of
steps were carried out to ensure its good performance, as explained below:

(a) Human Genome Database (HGDB). The transformation of our model defined for
the database schema (logical model) was almost automatic, using the Moskitt tool
(https://www.prodevelop.es/es/products/moskitt). The MOSKitt project aims to
provide a set of open source tools and a technological platform for supporting the
execution of software development methods which are based in model driven
approaches, including graphical modeling tools, model transformations, code
generation and collaboration support [30]. In this task, we found two different
levels of abstraction in the model. The conceptual model represents the domain
from the point of view of scientific knowledge, while the database schema (Fig. 3)
focuses on the efficient storage and retrieval of data.

For this reason, the details of the physical representation must be considered to
improve the final implementation. It is important to emphasize the integration of the
two tables “Validation” and “Curator” in the DB schema. These tables are not actually
part of the knowledge representation of the domain, but are necessary for the devel-
opment and implementation of the tool (Explained in detail in Sect. 4.2.2).

To load the HGDB the SILE methodology [9] was used, which was developed to
improve the loading processes and guarantee the treatment of “curated data”. SILE
was used to perform the “search” and “identification” of variations associated with a
specific disease (a task validated by experts in the genetic domain, for example,
biologists, geneticists, biomedical engineers).

When the identified and curated data have been obtained the “selective loading” is
performed (through the loading module) in the HGDB. The data loaded are then
“exploited” by VarSearch. Some of the diseases -of genetic origin- studied and loaded
were Alcohol Sensitivity [15], Neuroblastoma (Table 2 shows a set of variations
detected for Neuroblastoma) [31], and others.

(b) Selection of the different data sources. For the choice of data sources, we
addressed the requirements raised in this first phase of the project. After con-
ducting studies and analysis of various genomic repositories, we selected the
following databases: NCBI, dbSNP, UMD and BIC.
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Table 2. Selection of partially annotated variations stored in Varsearch database. For each
variation, gene symbol, chromosome, HGVS name using the gene as reference, reference and
alternative allele, variation type, clinical significance and RS identifier are shown.

Id_Symbol | HG_identifier | NC_identifier Position REF | ALT | Specialization_type | Clinically_importan | DB_Variatin_id

KIF1B 1 NG_008069.1: 10297206 A T SNV Risk Factor 18121908161
g91501A > T

KIF1B 1 NG_008069. 1:g. 10275418 CCTT | - Deletion Uncertain 1886044975
69713 69716delCCTT | —10275421 Significance

ALK 2 NG_009445.1: 29220831 T G SNV Pathogenic 15281864719
2.705736T > G

ALK 2 NG_009445.1: 29209873 T C SNV Pathologic 15113994092
2.716694T > C

KIF1B 1 NG_008069.1:g. 10232313 — TA | Duplication Likely Benign 15112765394
26608_26609dupTA —10232314
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NCBI [32] (https://www.ncbi.nlm.nih.gov/) is a data source with curated data on
structural concepts of DNA sequencing. From this repository, we extracted information
related to chromosomes, genes, transcripts, exons... and everything related to the
“Structural view” of our conceptual model. dbSNP [33], BIC [34] and UMD [35] are
databases of variations that store curated information on genetic differences between
individuals. The main reason for using dbSNP is because it not only focuses on
variations of a specific gene or region, but also contains variations related to all
chromosomes and updates the information immediately. BIC and UMD were selected
because of the requirements of a research group that was collaborating with us in a
project (Future Clinic) focused on “breast cancer”. This group helped us to test the
performance of our GelS and its associated tool. Currently, we are studying and
analyzing other genomic repositories like: ClinVar, dbGaP, 1000 Genomes, ALFRED,
and others [5].

(c) Genetic loading module. For the loading process of the HGDB, a load module
was designed to store the data from the previously measured data sources. This
load module was developed using an ETL strategy [36] with three different levels:
extraction, transformation, and load (see Fig. 4). Each level is completely inde-
pendent of the others, facilitating and clarifying the design of the system and
improving its flexibility and scalability. As can be seen in Fig. 4, all the necessary
information is extracted from the source databases in the first layer (1). All this
raw unstructured data goes to the second layer (2) where several transformations
are made in order to format the data according to the structure of our database
schema. These transformed data are sent to the third layer (3), which communi-
cates directly with the database (following the above-mentioned SILE method-
ology in Task “a”, Sect. 4.2.1).

Loading module (ETL strategy)

Genomic databases

CEEE

NCBI dbSNP UMD  BIC

Fig. 4. Load module.

4.2.2 Design and Implementation of VarSearch

VarSearch is a web application that allows the analysis of variations obtained from the
DNA sequenciation of biological samples and which is stored in FASTA or VCF file
formats [37]. Different users can access the application in private spaces in the HGDB
and each user can address his own variations. The validation of variations that they
consider relevant can be included. It also offers storage for the users’ variations to find
similarities in the file analysis process. Another advantage is the inclusion of the
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information obtained from the data sources, together with the user validations in the
database, which is an improvement in performance related to the search for variations.
VarSearch can find variations in our database from a provided file (see Fig. 5).

The variations found are displayed to the user, and any additional information that
the file lacks can be calculated and validated. Any variations of the file that have not
been found in our database can also be stored. After inserting one or more variations
not found in a file -because they are considered relevant to the user- and reanalyzing
this file, these inserted variations will be found in our database and displayed to the
user. Figure 6 shows how the functionality has been grouped into three main packages:
(1) User management: a user can act as administrator and control other users, or can
create new users and modify or eliminate their Information. (2) Data load manage-
ment: the system allows the user to load the files to be analyzed in both VCF and
FASTA format, compare the variations in these files to the variations in the HGDB
used by VarSearch. (3) Data analysis: After analyzing and verifying the variations in
the input files, the user can list the variations and classify them by multiple criteria
(position, chromosome, etc.). There is also a series of functionalities related to the login
and modification of account information that has not been grouped in any functionality
package.

Genomic databases
NCBI dbSNP

Results

Fig. 5. VarSearch application.

e Confidentiality of the information. As this information is a company’s primary
resource, VarSearch restricts access to it. When a user validates a variation, he can
choose a privacy category:

(a) Public content, if he is willing to share the knowledge with other users, or
(b) Private content, allowing access only to the owner-user and hidden from other
users. All the variations can only be accessed by the user who created them.
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DATA LOAD MANAGEMENT
LogIn
Modify e Search File
Own Info Password Change
USER MANAGEMENT A
<<Indlude>>
'
List Users > Select File
"LExle_nc'S"' A < '%inuds“ > Administrator User A
‘ o S <<Extends>>
- <<Extends>> ~ 1
'
Delete User . Modify User Analyze
Create User i
DATA ANALYSIS .-
_ -~ “<<Include>>
<<Extends>> ~List Not Found Modify D\ Rt £
o  SSExtenc 1st Not Foun Modify \ - o> -
Add Variation > Variations Validation >{List Found Variations .
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<<Exténds>> ' Validation
' PP '
Export S B> s >/ List User Defined
Variations A . Variations
N <<Extehds> -
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N ' -
<<Extends>> H <<Extendgrse "
~ H Lo
Filter
Variations

Fig. 6. VarSearch’s general use case diagram (domain).

VarSearch Architecture. In order to make it accessible to all users, VarSearch was
designed as a web application with HTML5 technology in a language common to
all current browsers. The information is managed by the MySQL database. The
VarSearch architecture consists of the following elements:

(a)

(b)
(©)

()

A distributable database based on MySQL (using software tools like: Navicat
Enterprise and MySQL Workbench). For the initial validation of this database,
we only loaded the information related to chromosomes 13 and 22.

A set of REST services [38] developed in Java using Hibernate and Jersey,
which are deployed on a Tomcat server 7.

A web application, which uses the Bootstrap framework for general organi-
zation of the interface and files, together with jQuery to define advanced
interface components and invoke REST services.

It also includes a “mini” REST service to manage users and roles, which is
based on the same architecture and technologies as the other REST services.
The data layer is based solely on MySQL (you can see the VarSearch archi-
tecture represented in Fig. 7).

The application entry point is a file with variations detected by a sequencing

machine in VCF or FASTA format. With this input the database is searched to detect
any variations, additional information on the diseases they may cause and the asso-
ciated bibliography. VarSearch users follow this process when working with the tool:

(1) A VCEF file is uploaded from the web.
(2) The file is then processed and parsed. The entries are shown on an HTML table
and the variants of each VCF entry can be seen.
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Web Server (Apache)

Browser’s User

4
=’ VarSearch
Java

=

HGDB

Fig. 7. VarSearch architecture.

(3) The variations present in the input file can be annotated against the database and
the annotated file is downloaded in *.xls, *.csv and *.pdf format or its contents
viewed in another HTML table.

To parse the VCF file and annotate the variants, VarSearch relies on snpEff and
snpSift [39] tools, and so well tested libraries are used instead of reinventing the wheel.
This also ensures VCF standard support, using ANN files for variant annotation.

If another type of information is considered useful for annotation and not covered
by the procedure described, VarSearch uses the “INFO” field to introduce the desired
values. As VarSearch is based on EGF, new genome annotation files can be quickly
integrated by developing the proper parser module, either by a custom development or
integrating a third-party tool or library.

All the information associated with the variations found in our HGDB can be
obtained. For variations in the lists, user validations can be integrated for future
searches with the “Add Validation™ option. Another advantage of VarSearch is the user
management (new users can be created and edited using the “User Management”
option).

One of the objectives of VarSearch is to continue the extension and implementation
of all the knowledge defined in our CMHG, such as the treatment of pathways and
metabolic routes [28]. This tool facilitates the analysis and search for variations,
improving the generation of genomic diagnoses associated with diseases of genetic
origin. End-users will find the web application easy to use and they are guaranteed
security for their data [40].

5 Case Studies

In the previous work [13], the case study applied to GenesLove.Me was defined,
explaining all the processes involved in the management of DTCG (Sect. 3). In
summary, the test cases were performed with the implemented solution.
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The validation scenario consisted of a group of five (5) users, who made requests
for genetic testing for “lactose intolerance”. To begin the process, each user involved
in the case study authorized the procedure through an “informed consent” [15, 41],
which becomes a legal support that establishes the rights and obligations of the service
offered and its expected scope.

Next, the following case studies performed with the prototype VarSearch are
presented.

5.1 Using the VarSearch Prototype

To verify VarSearch performance, two case studies were carried out. In the first,
VarSearch was used to analyze a VCF file. The second compared the time spent on
searching for variations manually and using the application; it is important to highlight
that this prototype has as end-users the geneticists and experts responsible for the
generation of the genomic diagnostics. To access the application VarSearch users must
have an account provided by Gembiosoft SME (http://gembiosoft.com/). After logging
in, a file is selected for analysis. VarSearch reads all records and transforms them into
variations.

These transformations depend on the file information: for example, the FASTA
files contain a genetic sequence (NG), and so require the reference on which the
variation is based to be to the “NG” sequence. In contrast, VCF files use positions
relative to chromosomes (NC). Once the file records have been converted into varia-
tions, the next step is to search for these variations in our HGDB. After the analysis, the
“variations found” and “variations not found” can be differentiated.

¢ Found Variations Management. Found variations are those extracted from the file
in which information has been found in the HGDB, which means that this variation
has been found in at least one genomic repository. A found variation has much more
information than the variation obtained from the file and allows us to calculate and
submit detailed information to the user.

Having analyzed the VCF file, all the variations found are displayed to the user, in
each case calculating the HGVS notation®, its data source identifier, clinical signifi-
cance, and the number of validations and databases found together with their biblio-
graphic references. This information is calculated for VCF and FASTA; however, VCF
variations are sorted by samples. Figure 8 shows the results obtained by analyzing a
VCEF file with a single sample. For this sample (5323-BRCAyA), a number of varia-
tions were found with the corresponding information. A variation can have validations
made by users. The validation column corresponds to the number of validations that
each variation has and if a validation is private, only the owner will see it. Another
VarSearch feature is its support for multiple bibliographical references. A variation can
be found in different databases and may contain different bibliographic references.

8 http://www.hgvs.org/mutnomen/.
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VarSearch
Project

Variations.

Variations found

File: varsearch_Test_chr13_22xvcf (Version hg19.1/Grch37)

Search filters

Chromosome: Position: View only Omin:
23456789 (m] m

Search

Position Reforence Change Nomenclature

) NC_000013.10 32899468 G T [) iomenciature
GBSNP(Chck here to database) Varistion id: rs4942423 Clinical Significance: untested 4 Modify Validation
(©) NC_000013.10 32003685 c U ) View HGVS Nomenclature.

o/ GBSNP(Clck here to database) Varistion Id: rs2126042 Clinical Significance: untested '+ Add Vaidation

«/ UMD(Cick here to database) Varistion id: BRCA2_UMD_c 681+56C>T Cinical Significance: nul

« BIC(Cick here to database) Varistion ks: 17273 Clinical Significance: usknown 4 Add Validation

LOVDChromum(Cick here to database) Varistion io: BRCA2_00044 Clinical Significance: nul 4 Modify Validation

References
Global sequence diversity of BRCA2: analysis of 71 breast cancer families and 95 control individusls of worldwide populations. . Wagner TM, Hirteniehner K. Shen P, Moestinger R, Mubr D, Fleischmann E. Concin H, Doeller W, Haid A
Petru E. Ropp E, Langbauer G, Kubista E, Scheiner O, Underhill F, Mountsin J, Sterer M, Zielinski C, Oetner P. . 1999-03-01

NC_000013.10 32006729 A c L)

Fig. 8. Analysis of VCF file using VarSearch.

e Not found Variations (insertion and treatment). The user who is analyzing
variations may find a variation in the file, which was not found in the database (see
Fig. 9). Using his experience and knowledge he may consider some variations as
relevant despite not being found.

Variations not found

File: varsearch_Test_chr13_22.vcf (Version hg19.1/Grch37)

Search filters

23456789

Chromosome: Position: m

Search:
Chromosome H Positi 4 Reference 4 Change H
G NC_000013 29686564 C G
G NC_000013 29686570 G A
G NC_000013 32900961 A G
G NC_000013 32900963 G c

Fig. 9. List of variations not found.
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With VarSearch the user can insert the not found variations or any variation
considered key to the study. If the user has inserted certain variations that had not been
found, on reanalyzing the file these inserted variations are compared with the variations
in the file, showing the similarities.

In order to differentiate the variations of the different repositories from user vari-
ations, the results obtained from the user’s experience and the results from years of
study of different biomedical databases are differentiated.

5.2 Improved Efficiency and Time in Finding Variations with VarSearch

To validate the effectiveness and performance of the proposed software, some exper-
iments were performed to measure efficiency and time. A study was conducted to
compare the time spent searching for variations manually with an automatic search of
all the repositories mentioned above using VarSearch.

A manual search of one variation involves detecting the variation in the VCF or
FASTA file, a search for the variation in the different repositories, and the identification
and verification of the variation. VarSearch was tested for the time it needed to search
for several variations, calculating the time evolution according to the number of
variations involved (2, 5 and 7). The results can be seen in Fig. 10.

==@== Manual

TIME (MIN)
15
\

| .~ - #— VarSearch

VARIATIONS

Fig. 10. Time optimization.

As can be seen in Fig. 10, the cost of performing a manual search rises to 5’32 min
for 2 variations, 10’83 min for 5 variations and 18’89 min for 7 variations.

However, with VarSearch the time remains constant at between 2 and 3 s for
different variations, which confirms its efficient performance. Using this prototype thus
significantly reduces the time spent on the search for variations. Also, it must be
remembered that the manual search process does not calculate additional information
for variations. If this information were necessary, the search time would increase
significantly, however, with VarSearch this time remains constant because this infor-
mation has already been calculated in the search for variations.
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6 Conclusions and Future Research

This paper describes a study and analysis of the implementation of two web application
to facilitate DCGT, the first offer the services (genomic diagnosis) to the final user
using an interface easy to use -GenesLove.Me-, and the second is a prototype for the
generation of the diagnosis using our HGDB -VarSearch-. Through these applications,
we can inform end-users about their predisposition to suffer certain genetically based
illnesses.

Through the development of our web applications we seek to provide end-users
with a genomic diagnosis in a secure and reliable way. The use of BPMN and Con-
ceptual Modeling based approaches for this type of service aids the understanding of
the participants in the processes in the genomic domain and improves the processes
involved.

Bioinformatics is a domain that is constantly evolving, and with the application of
conceptual models, we can extend our genomic knowledge and conceptual represen-
tation accurately and simply.

In this work, we have focused mainly on the description of the prototype “Var-
Search”, which plays a fundamental role in processes 10 and 11 of the BPMN pre-
viously described, because with this prototype we generated the genomic diagnosis
facilitated through GenesLove.Me.

VarSearch is a flexible new analysis framework or web application that provides a
powerful resource for exploring both “coding” and “non-coding” genetic variations. To
do this, VarSearch integrates VCF format input/output with an expanding set of genome
information. VarSearch (and other tools built on EGF) will therefore facilitate research
into the genetic basis of human diseases. EGF can also be expected to allow the
development of new tools in diverse e-genomics contexts. As genetic laboratories are
now oriented to facilitating genetic procedures, web access, usability and feasibility, the
definition of different profiles are therefore important goals. All this allows the user to
configure the tool according to his specific needs. These necessities include inserting
genetic variations and validating its own variations, thus increasing its “know-how”.

Future research work will also be aimed at:

— The application of Data Quality (DQ) metrics to enhance our HGDB.

— The study and treatment of new diseases of genetic origin (continue expanding the
list of illnesses available in the web application).

— Implementation of data management mechanisms to enhance the quality of per-
sonalized medicine.

— Improving/develop the next version of VarSearch (version 2.0) for genetic diag-
nosis (including -haplotypes and statistical factors-).

— We also intend to extend the model with studies on the treatment of “haplogroups”,
including subjects with a similar genetic profile who share a common ancestor.
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