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Abstract

UNISANGIL has one of Colombia's five collections of aquatic macroinvertebrates,
being the only one in the Department of Santander. The bioinformatics platform
"Biological Collection - BiolCol" seeks to digitize the biological reference collection
of macroinvertebrates of UNISANGIL-CBMUS. The design of BioCol was led by
three students and the coordinator of the GIBD-SI of the UNISANGIL Systems
Engineering Program. The work methodology applied in the development process
was Scrum. Additionally, we followed the method Sampieri proposed to identify the
needs, establish the objectives, define the scope, formulate the projected activities
over time, and define the deliverables for developing the application. Based on the
Darwin Core standard used by the Colombian biodiversity information system (SiB
Colombia), we designed the system architecture, built models, and designed the
database. To develop the interface, we used Laravel for the back end and NodeJS
for the front end, and we integrated the images and 3D models of those specimens
with available information. The platform allows the online registration, storage, and
visualization of information CBMUS collection specimens. It also generates a label
with a QR code for each individual, which enables queries of the data stored for each
specimen. Overall, this platform aims to facilitate the registration, administration, and
dissemination of biological collection information for researchers and the community
in general.

Keywords: aquatic macroinvertebrates; bioinformatics platform; biological

collection; SCRUM:; software.
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BiolCol: Plataforma tecnoldgica para la difusion de la coleccion biologica de
referencia de macroinvertebrados acuaticos

Resumen

UNISANGIL posee una de las 5 colecciones de macroinvertebrados acuaticos del
pais y es la Unica en el departamento de Santander, a continuacién, se describe el
proceso de desarrollo de una plataforma bioinformatica llamada "Biological
Collection - BiolCol" por parte de tres estudiantes y la coordinadora del semillero
GIBD-SI del programa de Ingenieria de Sistemas de UNISANGIL, con el objetivo de
digitalizar la coleccion biologica de referencia de macroinvertebrados de
UNISANGIL-CBMUS. La metodologia de trabajo aplicada en el proceso de
desarrollo fue SCRUM, adicionalmente se utilizé la metodologia propuesta por el
Sampieri para identificar la necesidad, establecer los objetivos, definir el alcance,
formular las actividades proyectadas en el tiempo y definir los entregables del
proyecto. Se disefid la arquitectura del sistema, se construyeron modelos y se
disefio la base de datos tomando como referente el estandar Darwin Core utilizado
por el sistema de informacion de biodiversidad de Colombia (SiB Colombia). Para
el desarrollo de la interfaz de usuario se utilizaron las herramientas Laravel para el
backend y NodeJS para el frontend, se integraron las imagenes y los modelos 3D
de los especimenes que tenian la informacién disponible. La plataforma permite el
registro, almacenamiento y visualizacion de informacion de los especimenes de la
coleccion CBMUS a través de Internet y genera una etiqueta con cédigo QR para
cada individuo que permite la consulta de la informacion almacenada sobre cada
macroinvertebrado registrado. Esta plataforma tiene como objetivo facilitar el
registro, la administracién y la divulgacion de la informacion de la coleccién
bioldgica, siendo muy importante para investigadores y la comunidad en general.
Palabras clave: coleccién biologica; macroinvertebrados acuaticos; plataforma

bioinformatica; SCRUM:; software.
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BiolCol: plataforma tecnoldgica para divulgacao da colecéo de referéncia
biol6gica de macroinvertebrados aquaticos

Resumo

A UNISANGIL possui uma das 5 colecbes de macroinvertebrados aquéticos do pais
e € a Unica no departamento de Santander. O processo de desenvolvimento de uma
plataforma de bioinformatica denominada "Colecéo Biologica - BiolCol" por trés
alunos e o coordenador é descrito a seguir. Sementeira GIBD-SI do programa de
Engenharia de Sistemas UNISANGIL, com o objetivo de digitalizar a colecédo de
referéncias bioldgicas de macroinvertebrados UNISANGIL-CBMUS. A metodologia
de trabalho aplicada no processo de desenvolvimento foi SCRUM, adicionalmente
foi utilizada a metodologia proposta por Sampieri para identificar a necessidade,
estabelecer os objetivos, definir o escopo, formular as atividades projetadas ao
longo do tempo e definir as entregas do projeto. Desenhou-se a arquitetura do
sistema, construiram-se os modelos e desenhou-se a base de dados tomando como
referéncia o padrdo Darwin Core utilizado pelo sistema de informacdo da
biodiversidade colombiano (SiB Colombia). Para o desenvolvimento da interface do
usuério, foram utilizadas as ferramentas Laravel para o backend e NodeJS para o
frontend, foram integradas as imagens e modelos 3D dos espécimes que continham
as informacdes disponiveis. A plataforma permite o registo, armazenamento e
visualiza¢ao da informacéo dos espécimes do acervo do CBMUS através da Internet
e gera uma etiqueta com um QR code para cada individuo que permite a consulta
da informacdo armazenada sobre cada macroinvertebrado registado. O objetivo
desta plataforma é facilitar o registro, administracéo e divulgacdo de informacdes
de colec¢des biolégicas, sendo muito importante para pesquisadores e comunidade
em geral.

Palavras-chave: colecéo bioldgica; macroinvertebrados aquaticos; plataforma de

bioinformética; programas; SCRUM.
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|. INTRODUCTION
Biological collections contain important information on Colombian biodiversity and
are a national heritage. Through them, knowledge can be generated in the
management, conservation and sustainable use of biodiversity. They are a
cumulative record of knowledge generated at a specific time and place, allowing us
to observe our territory's natural wealth over time [1]. Colombia is a megadiverse
country where the description of new species will greatly affect the global knowledge
of biodiversity [2]. However, it is facing an accelerated rate of extinction of species,
where the loss of species is greater than the knowledge about them [3].
Carrying out a complete inventory of biodiversity implies describing unknown and
known species, understanding the diversity of biology and creating databases to
handle information systematically. Computer networks are also created for the flow
of information. All this is important due to the lack of knowledge about the state of
biodiversity in a region [4]. This research project seeks to solve the lack of
information management in the UNISANGIL - CBMUS Macroinvertebrate Biological
Reference Collection. Instead of addressing all aspects related to the biology of the
species, the focus is on the technical aspects of the tool to support
macroinvertebrate research.
The application allows knowing the characteristics of macroinvertebrates and
recording data for researchers to estimate biochemical, ecological and biotic factors.
Solutions such as ecosystem bioremediation can also be implemented. This
technological development seeks to create an updatable and reliable database so
that researchers, universities, research institutes and decision makers can share
investigative processes.
Bioinformatics is dedicated to applying informatics in managing information related
to biological and medical data through the collection, storage, organization, analysis,
manipulation, presentation and distribution of information. Its objective is to act as a
bridge between data and information, allowing to obtain knowledge about biological
processes from data analysis [5]. Currently, technology provides important
preservation tools that help to save an original in a standard format that does not

depend on a special technology for its recovery. This tool offers the opportunity to
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preserve the original by providing access to the digital substitute and separating the
informational content from the degradation of the physical medium [6]. Historical
documents are a precious asset for the institutions that protect them, and it is
common to seek their preservation and conservation to keep them in good condition.
These archives are of great value and often unavailable to the general public [7].
Digitization consists of converting an image to binary code with the help of a
computer, providing a detailed description of the objects in the scene. Each pixel is
assigned a tonal value represented by a binary code, and these binary digits are
stored and often reduced to a mathematical representation. The computer then
interprets the bit stream to reproduce an analog version that can be displayed or
printed [8]. Biological collections are an important store of information on biodiversity.
The extended specimen preserves the secrets of the natural world and the memory
of the environment.

Given the global difficulties in the conservation of species, collections are becoming
increasingly important since biological records and specimen information have
helped categorise threats to endangered species [9]. The National Registry of
Biological Collections (RNC) collects and disseminates basic information on
biological collections in the country, which makes its invaluable natural heritage
visible. This information is essential for the management of biodiversity and
ecosystem services [10].

The Darwin Core Standard (DwC) was developed by the Biodiversity Information
Standards community and is used by the Biodiversity Information System in
Colombia. This standard allows for the compilation of biodiversity information from
different sites and is used by most of the species presence records available on
GBIF.org. The related file format is called Darwin Core Archive (DwC-A) and allows
data providers to share their information using a common lexicon.

This standardization not only reduces the process of publishing biodiversity
information but also facilitates the investigation, evaluation and comparison of data
to find solutions [11]. Aquatic macroinvertebrates are large invertebrates measuring
more than 500 uym. In freshwater bodies, insects are the most diverse group of

aqguatic invertebrates, with aquatic immature stages and terrestrial adults. Mayflies,
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stoneflies and odonates are some of the most common and widely distributed
aguatic insects [12].

Software is crucial to carry out various academic, research and industrial operations,
and new applications are developed to respond to the needs or opportunities of
communities. Software design, development, and implementation processes are
essential in business systems [13]. Agile methodologies for software development
provide a set of techniques to be applied in stages in short work cycles, with the aim
of making the project delivery process more efficient, without having to wait until the
end [14]. Agile methods favor incremental development, generating new releases
every two or three weeks, which are available to customers to get feedback
according to requirements quickly [13].

The agile methodology focuses on continuous improvement through planning,
creation, verification and constant improvement, with rapid deliveries to avoid
dispersion and focus on an entrusted task [15]. Scrum is an agile software
development methodology based on an iterative and incremental approach, made
up of sprints that can last between one and four weeks. At the beginning of each
sprint, a meeting is held to define the work to be developed, followed by daily reviews
to verify the progress in the development of the sprint and at the end of it, another
meeting is held to evaluate the results [16].

A Scrum is divided into three phases: planning, sprint cycle development, and project
closure. During planning, the objectives of the project and the software architecture
are established, the sprint cycles generate the system increments, and in the closing
phase, the complete functionality is delivered together with the documentation [13].
For the development of the project, various tools were used, such as PostgreSQL
for database management and programming languages such as Javascript,
Typescript and CSS for designing user interfaces in a web environment. In the field
of biological collections, there are insufficient or expensive applications to protect the
information of the specimens.

For example, Specify requires knowledge of databases, programming languages,

and markup languages. It is challenging to maintain trained personnel for this
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purpose; thus, interdisciplinary collaboration is important to develop more

economical and efficient solutions that respond to the needs of the collections.

Il. METHODS

At UNISANGIL, the framework proposed by Dr. Roberto Hernandez Sampieri is used
to carry out research processes. The Faculty of Natural Sciences and Engineering
follows this approach to define the problem, establish the relationship between
variables and formulate the research question. In the same way, the objectives of
the project and the methodology were defined, a schedule of activities was designed
to monitor the execution of the project and its deliverables were established, which
resulted in the development of the bioinformatics platform [17].

Consequently, a question was raised: How to make the UNISANGIL CBMUS aquatic
macroinvertebrate biological reference collection known to the community? The
agile Scrum methodology was selected for software development, and frequent
meetings were held with the client to manage the application requirements and
model them using UML diagrams [18]. The phases considered were: requirements
management, backlog management, sprint planning and execution, and finally,
inspection and iteration [19]. The actions carried out in each phase are detailed

below.

A. Definition of the Application Requirements

In this stage, sources of information and applications available to manage biological
collections such as Specify, Simbiota and Elysia were explored, and sessions were
organized with biologists and researchers from the CBMUS macroinvertebrate
collection to define the application requirements. The Darwin Core standard was
chosen to design and create the information storage structure based on the advice
and support of the Humboldt Institute. Finally, four functionalities were defined for
the application: access control, user administration, information registry, and query
module. Based on this definition, the requirements for each system module were

collected and prioritized in templates. Work was also done on the definition of user
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stories that allowed better analysis of the system and later identification of each of

the actions that users perform on the platform.

B. Backlog Management

In this stage, the list of functionalities and tasks to be carried out was generated,
allowing to obtain the details of the actions to be implemented for the creation of
each of the identified modules, together with the allocation of time and those
responsible. From the definition of the four modules that make up the platform, it was
decided to guide the development process for each functionality.

C. Sprint Planning Meeting

During the first iteration, the focus was on planning the project. The highest priority
requirements for each module were selected, and the application development
phase started. A list of actions necessary for the development of each module was
prepared, and work was done on the requirements identified in the previous stage.
In addition, the effort estimate was made, and times and responsibilities were
assigned to continue with the next phase of the project.

D. Sprint Execution

The Scrum methodology was used, and the project was divided into four sprints.
Frequent meetings were held to assess the team's progress and troubleshoot. We
worked with the questions: What have | done since the last synchronization meeting?

What am | going to do from now on? And what impediments do | have or will | have?

E. Inspection and Iteration

After completing each iteration of the project, the team met with the client to present
the fulfilled requirements. The client evaluated and reviewed the delivery and
approved the increases or indicated the necessary adjustments. Then, in a
retrospective meeting, the team would evaluate their performance and apply what
they learned in the next phase. The platform database was designed taking as a

reference the Darwin Core standard used by SiB Colombia during the enlistment
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process of the different components [20]. After some tests, it was decided to use a
Dashboard type interface for the project, with the aim of providing a pleasant user
experience. The first user interface designs were made using the Balsamiq

Wireframes software [21], and tests were carried out to choose the best option.

lll. RESULTS

As a result of the development of the project, the following was achieved.

A. Application Architecture

The architecture of the platform was defined to provide comfort, friendliness and
security features to the user and to host the information transparently and
independently from the administration staff. It was decided to work with a web server
client architecture that would allow hosting and publishing the information, and
allowing the administrator user to upload the data (Figure 1).

The Frontend The Backend

. = 1cone
B g httpd hitpd ‘ |
i = S
» =
Cortateegos By it
ortafuegos jor de

Servidor de

Servidor Web Aplicaciones Bases de Datos

Usuarios del Sistema Investigacores
U

Fig. 1. Scheme of the application architecture.

B. Diagrams and Models

UML diagrams (use cases and sequence) were used to represent user requests and
the interaction of system components. The information storage structure was
designed using the PostgreSQL database management system to allow user

management, data hosting and massive uploads of information on the platform
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product of the collection of specimens, taking as reference the structure of the

Darwin Core standard used by the SiB Colombia and the Humboldt Institute.

C. Platform Modules

The four modules proposed for the BiolCol platform were built: user access control,
user administration, information registration and consultation module. The platform
includes images of the specimens collected in different places in the Department of
Santander.

The information registration functionality for the BiolCol technological platform was
developed through massive data uploads, allowing the download of a template in
Excel format for data registration and later uploading the file to the system database.
Once the data is loaded, the list of macroinvertebrates in the form can be seen, and
by clicking on the icon next to the specimen code, more details about it are displayed,

as can be seen in the Figure 2.

Micro Invertebrados (informacion Registro)

* Institution Code
Fundacion Universitaria de San Gil (UNISANGIL)

* Occurrence ID

CBMUS-I-1 PreservedSpecimen

tion Code Catalog Numbei

CBMUS CBMUS-I-1

* Type * Institution 1D

Objeto fisico 800.152.840-4

Fig. 2. Query of information registered in the system for each specimen.

The platform allows visualizing the place where the specimen was collected, as can

be seen in the Figure 3.
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O

Fig. 3. Geolocation view to locate the point where the macroinvertebrate was collected.

The system has the option to view the macroinvertebrates in 3D for some of the
collected specimens. The different models and images are saved in a folder on the
server and related to the database. Each model is related to its corresponding
specimen and labels. An example of this display option can be seen in the Figure 4.
The platform allows rotating the image 360 degrees to see the organism in more

detail.

Visualizacién 3D

Fig. 4. 3D Visualization of the macroinvertebrates of the CBMUS biological collection.

The fourth module of the BiolCol platform allows queries and generates labels to
print and identify the organisms in the laboratory's physical collection. Researchers
can search for codes associated with organisms and generate a PDF file with QR
codes for printing. The QR code allows to consult the information registered on the
platform from any device and send it to print. Figure 5 shows an example of the file
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generated to print and mark the bottles stored together with the organisms in a

laboratory of the Institution.
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Fig. 5. Report generation: macroinvertebrate labels in PDF format.

IV. DISCUSSION

The BiolCol platform was created to give visibility to the information of the
UNISANGIL CBMUS biological collection and to host information from other
biological collections that use the Darwin Core standard for specimen information
management. The platform allows the upload of data through an Excel template,
detailed visualization of the information, 3D visualization of some specimens and
generation of labels to identify the organisms in the physical collection.

Biological Collection is a bioinformatics tool that allows the registration, storage and
visualization of information from the specimens of the CBMUS-UNISANGIL
biological collection. The platform is accessible through the web. The registration is
intuitive, friendly, agile and graphic. Users have different roles in the system and can
easily access the application.

The definition of user stories was used to manage the requirements of the BiolCol

application, which allowed detailed visualization of the behavior of the final product
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before the users. The client provided feedback during the testing phase, which led
to the final approval of the software development and the successful fulfilment of the
project's expectations.

The new web application allowed the digitization of specimens collected in the field
more quickly, which reduced the time spent on systematizing data from the biological
collection that researchers frequently update.

On many occasions, the information is not used due to the lack of technological tools
and knowledge for data management. For this reason, automation and the correct
use of data are necessary to generate knowledge.
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