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Abstract Bioinformatics is an indispensable discipline for current research in life and medical sciences. The increas-
ing volume and complexity of biological data and the growing tendency for open data and data reuse projects have
made computer-based analytical tools central to these research fields. However, it is an intrinsic interdisciplinary
field with a multitude of skill sets required for using bioinformatics tools or undertaking research toward developing
new methods. There is still a lack of skilled human resources to meet the numerous and growing application possi-
bilities, which represents a bottleneck in many research projects. This paper reports our efforts to create the Nucleo
de Bioinformatica (NBioinfo, or Bioinformatics Core) at the Hospital de Clinicas de Porto Alegre (HCPA), a major
public university hospital in Brazil. NBioinfo aims to serve as a hub for research and interaction in Bioinformatics
and Computational Biology at HCPA, institutionally developing these areas of knowledge and promoting scientific
advances triggered by bioinformatics. We briefly present our research group’s history and goals, and describe our
activities toward providing HCPA with competencies in these fields. We also describe the scientific and method-
ological challenges recently faced by our group and the advances promoted by scientific collaborations and research
projects developed at NBioinfo.
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1 Introduction

Bioinformatics is a fundamental research area to deal with
the analytical challenges of complex and voluminous data
generated in life sciences and make it possible to take full
advantage of them. Since the production of the first draft of
the human genome sequence by the Human Genome Project
in 2000 [Collins et al., 2003], we have witnessed the rapid
development of cost-efficient, high-throughput technologies.
This technological revolution has allowed new large-scale bi-
ology studies to be conducted in the broad range of molecu-
lar features involved in organisms’ functioning and diseases,
from the genome to the entire pool of transcripts and proteins,
giving rise to the “omics” disciplines [Hood and Rowen,
2013; Hasin ef al., 2017]. The unprecedented speed and
scale of biological data generation have fuelled the parallel
advance of specialized computational software and methods,
not only consolidating bioinformatics as an integral part of
biologists’ toolkit but also as a fruitful and fast-growing in-
terdisciplinary research field [Gauthier et al., 2019; Mariano
etal.,2020].

However, bioinformatics analyses still represent a bottle-
neck in many research projects despite their well-recognized
importance for advancing biomedical research and positively
impacting healthcare systems [Barone et al., 2017]. Many
challenges have been continuously reported for bioinformat-

ics education and training due to the intrinsic interdisci-
plinary nature of the field [Attwood et al., 2019]. Often,
principal investigators (PIs) in life science research do not
have adequate training in bioinformatics, thus lacking a min-
imum level of understanding from available resources and
tools [Attwood et al., 2019]. Such fundamental understand-
ing could help them visualize potential bioinformatics appli-
cations in their research projects, enhance the critical anal-
ysis of their scientific findings, and interact with bioinfor-
maticians and computational scientists more effectively, es-
pecially to prospect new collaborations with researchers in
these fields. Other contributing factors are the lack of local
expertise in bioinformatics and the limited resources to de-
velop such capacities, mainly in low- and medium-income
countries (LMICs) [Aron et al., 2021]. Finally, we point out
the several difficulties encountered in establishing successful
interdisciplinary interfaces, integrating researchers from the
different areas of knowledge involved in the field (e.g., Bi-
ology, Medicine, Computer Science, Statistics) around com-
mon goals through coordinated efforts.

Previous works have reported a growing gap between data
generation capacity and researchers’ knowledge about how
to use it effectively [Barone et al., 2017]. As technology ad-
vances, the bottleneck in data analysis through bioinformat-
ics tools will become even more critical in the coming years,
demanding new actions. We have observed this phenomenon
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at Hospital de Clinicas de Porto Alegre (HCPA), a university-
based general hospital in South Brazil. In 2013, HCPA began
performing next-generation sequencing and, soon after, mi-
croarray analyses. High-throughput genomic analysis was
made available to research groups with little or no training
in bioinformatics. It soon became apparent that bioinformat-
ics support was necessary to allow groups to leverage their
large-scale experimental analysis results. Therefore, a small
group of people with bioinformatics training started to col-
laborate on research projects and educational activities, aim-
ing to disseminate bioinformatics knowledge in the hospital
and its local academic community. This initiative evolved
and culminated in the creation of the Nucleo de Bioinfor-
matica' (NBioinfo, or Bioinformatics Core) of HCPA in
2017. NBioinfo aims to act as a hub for research, interaction,
and support in Bioinformatics and Computational Biology at
HCPA, institutionally developing these areas of knowledge.
This paper presents the history and goals of the Nbioinfo at
HCPA and summarizes our academic activities and scientific
interests. We also discuss the main challenges faced so far,
and the prospects envisioned for the coming years.

2 Our History

HCPA is a public institution, part of the network of university
hospitals of the Ministério da Educagao (MEC), and academ-
ically linked to the Universidade Federal do Rio Grande do
Sul (UFRGS). Located in the city of Porto Alegre, HCPA is
one of the leading medical care centers in the state of Rio
Grande do Sul and is also among the major public univer-
sity hospitals in Brazil. Together with health care and ed-
ucation, research is one of the major institutional priorities,
with HCPA being a recognized hub for the generation of sci-
entific and technological knowledge. In this line, the Hos-
pital has an excellent infrastructure, with two Research Cen-
ters, Clinical and Experimental, providing facilities totally
dedicated to research activities. A survey of research num-
bers for HCPA in 2021 showed that the institution had 78 re-
search groups certified in the Directory of Research Groups
of the Conselho Nacional de Desenvolvimento Cientifico e
Tecnoldgico (CNPq) and 1392 active research projects.
Given its tradition in scientific research and the need to
invest in state-of-the-art technologies to promote cutting-
edge research, in 2013, HCPA began performing next-
generation sequencing (NGS) analyses at the Experimental
Research Center with the Ion Torrent Personal Genome Ma-
chine (PGM) platform, and shortly afterward, it acquired an
Affymetrix equipment for microarray analyses. Although
some of these platforms are accompanied by proprietary soft-
ware that allow visualizing experimental results and basic
statistics in a standard report, they have limited function-
alities for data analysis and do not allow the analysis pro-
cedures to be tailored to researchers’ needs. Moreover, al-
though these software programs may facilitate obtaining ba-
sic analysis outputs to be reported in papers and academic
works, they are not necessarily understandable for life sci-
ence researchers who are still not familiar with concepts un-
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derlying large-scale biology studies and bioinformatics meth-
ods. Therefore, it soon became clear that to enhance the use
of the technological investments made by the hospital as an
incentive for research development, it would be necessary to
provide bioinformatics support to the research groups inter-
ested in these analyses.

In 2014, HCPA launched a postdoctoral fellowship call,
with bioinformatics as one of the priority topics. Mari-
ana Recamonde-Mendoza was selected as a postdoctoral fel-
low under the supervision of Prof. Andréia Biolo from
the Cardiology Service and the Laboratory of Cardiovas-
cular Research at HCPA. As part of the guiding principles
of the institutional postdoctoral program, the postdoctoral
research activities should include a minimum workload of
12 hours per week to provide scientific support to the re-
search projects linked registered at HCPA. Thus, Mariana
Recamonde-Mendoza soon started interacting with several
research groups, collaborating in planning, running, or in-
terpreting bioinformatics analyses necessary for their stud-
ies. During this period, an interaction started between Mari-
ana Recamonde-Mendoza and Ursula Matte, who at the time
served as head of the Unidade de Analises Moleculares e de
Proteinas (UAMP) of the Experimental Research Center.

From 2014 to 2016, a small network of researchers and
graduate students with experience in bioinformatics was es-
tablished at the Experimental Research Center, led by Mar-
iana Recamonde-Mendoza and Ursula Matte. This network
resulted in some scientific collaborations with different re-
search groups and services of the HCPA, which were ini-
tially focused on assisting analyses of large-scale studies pro-
duced at the institution, such as variants analysis from DNA
sequencing and analysis of transcriptomes by microarray.
However, the growing number of publicly available high-
quality genomic datasets, the increasingly core role taken by
bioinformatics in scientific publications, and the results of
the network’s activities for disseminating knowledge, such as
scientific seminars, soon led to increased demands for tech-
nical and scientific support in bioinformatics.

In 2016, Mariana-Recamonde Mendoza and Ursula Matte,
together with Silvia Olabarriaga (AMC e-Science), Marina
Siebert (HCPA), and Delva Ledo (former graduate student
at UFRGS), organized a short-term course entitled Bioin-
formatics for the Health Sector, offered to researchers and
students from postgraduate programs linked to HCPA and
UFRGS. The participants attended 15 hours of theoretical
sessions on concepts related to NGS, variant analysis, dif-
ferential expression analysis, and systems biology. The
course’s main goal was to introduce concepts and tools use-
ful for life science researchers, encouraging further explo-
ration of in silico approaches in research projects developed
at HCPA. An important outcome of this course was the great
interest manifested by participants for more institutional ac-
tivities and initiatives related to bioinformatics. This feed-
back from the local academic community and the clear need
to encourage the use of state-of-the-art methodologies to em-
power the research developed at the hospital have motivated
the beginning of a dialogue on strategies for institutionaliz-
ing bioinformatics at the HCPA.

In 2016, Mariana Recamonde-Mendoza became an Asso-
ciate Professor in the Institute of Informatics of the UFRGS,
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and in 2017 she started an appointment as Research Profes-
sor at HCPA. Ursula Matte was a Researcher at HCPA be-
tween 2001 and 2014, and since 2014 she is an Associate
Professor in the Genetics Department of UFRGS and a Re-
search Professor at HCPA. In close collaboration, both re-
searchers took the first steps towards implementing an insti-
tutional bioinformatics core in 2017, with the support from
the Grupo de Pesquisa e Pds-Graduag¢ao (GPPG) of HCPA,
which was coordinated by Prof. Patricia Ashton-Prolla and is
responsible for managing the scientific and technological re-
search activities in the institution. Initially, the Bioinformat-
ics Core mainly was a “virtual lab”, with some computers al-
located in a shared laboratory in the Experimental Research
Center, thus lacking a dedicated physical area. The group
conducted many training and scientific activities in 2017 and
2018, starting with two editions of a 50-hour bioinformatics
training course that combined theory and practice and cov-
ered topics from Linux and R programming to Metagenomics
and Transcriptome analysis, and Systems Biology. These
courses were offered to researchers, students, and profession-
als, and had a critical role in expanding the networking at the
hospital and attracting new people to work with the group,
such as Gerda Cristal Villalba Silva and Thayne Woycinck
Kowalski, who later became research members of the Bioin-
formatics Core. In this period, we also provided support in
analyzing and interpreting large-scale data obtained from bi-
ological systems for researchers who did not have such skills
in their research groups.

In 2019, the creation of the NBioinfo was formally pro-
posed within the Hospital as a 5-year institutional develop-
ment project and as a research group certified in the CNPq
Directory of Research Groups, both coordinated by the re-
searchers Mariana Recamonde-Mendoza and Ursula Matte.
After analyzing existing demands at the hospital and gaps
in the local bioinformatics community, the main research
topics defined for NBioinfo’s activities were: omics data
analysis, variant analysis, metagenomics, systems biology,
and machine learning for biological data. The group ex-
panded in 2020, with Andreza Martins joining the NBioinfo
to strengthen the team’s capacities and enhance its skills in
Metagenomics. Andreza Martins has been an Associate Pro-
fessor in the Department of Microbiology, Immunology and
Parasitology of UFRGS since 2014 and a Research Profes-
sor at HCPA since 2020. In 2021, the NBioinfo became a
shared facility linked to the Diretoria de Pesquisa (former
GPPGQG) of HCPA, receiving a physical laboratory to conduct
its activities. This achievement has certified NBioinfo’s role
in serving HCPA’s community with bioinformatics expertise
through training, consulting, or scientific collaborations.

The unique feature of the group is its truly interdisciplinary
composition, as is to be expected in bioinformatics. How-
ever, establishing and consolidating these links between re-
searchers from different areas of knowledge is not a trivial
process and is one of the main challenges faced in creating
bioinformatics research groups or facilities. The group’s Pls,
Mariana Recamonde-Mendoza, Ursula Matte, and Andreza
Martins, have backgrounds in Computer Science, Genetics
and Molecular Biology, and Microbiology, respectively. We
also note that besides the diversity among areas of knowl-
edge, the PIs form an intergenerational team, a characteristic
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that is increasingly pointed out as positive for the productiv-
ity and innovative potential of research groups. NBioinfo has
broad participation of students at undergraduate and graduate
levels linked to courses in Computer Science, Biological Sci-
ences, and Health Sciences. Students have the opportunity
of a very interdisciplinary training, as they are encouraged
to get involved in consulting and collaborative activities pro-
moted by NBioinfo.

Since 2016, NBioinfo had the collaboration of several
postdoctoral research fellows who have helped both in the
development of training and research activities promoted by
the group, as well as in the interface with other researchers
and services of the HCPA, namely Leandro de Mattos, Tiago
Falcon, and more recently, Gerda Cristal Villalba Silva and
Giovanna Giudicelli. Currently, the NBioinfo also counts on
the participation of Thayne Woycinck Kowalski, a long-time
collaborator who became a research member of the group.
For more information about the members of the Bioinformat-
ics Core, access the group’s page in the CNPq Directory of
Research Groups?.

3 Goals and Academic Activities

We understand that Bioinformatics is a strategic field to pro-
mote scientific advances, especially in limited-resources sce-
narios as it is the recent research funding crisis in Brazil.
Thus, NBioinfo’s main goal is to provide the HCPA with
competencies in the field of Bioinformatics and encourage its
insertion into the institution’s research projects. To achieve
this goal, we recognize the importance of developing local
human resources and awareness of the role and potential of
Bioinformatics in our scientific community, and to continu-
ously expand our group’s expertise through active participa-
tion in research projects. Thus, the objectives guiding the
activities of the NBioinfo are:

* Development of fundamental and applied research in
Bioinformatics and Computational Biology, contribut-
ing to the advance of these research fields;

¢ Training of qualified human resources in Bioinformat-
ics and Computational Biology;

+ Assistance to researchers who need Bioinformatics in
their scientific workflow through research collabora-
tions or consulting;

* Production and dissemination of scientific and techno-
logical knowledge.

NBioinfo has its activities concentrated on three pillars:
education & training, interaction & support, and research
(Figure 1). These activities aim to develop bioinformatics
interest and capacity at the institutional and regional levels,
thus helping mitigate the important limiting factor in the field
related to the lack of skilled human resources. Also, as a
group born out of the union of efforts of three PIs and their
research groups, NBioinfo has scientific and technological
research as a primary activity. We aim to catalyze the discov-
ery of innovative and scientifically relevant findings through
the toolkit provided by bioinformatics and contribute to the

2http://dgp.cnpq.br/dgp/espelhogrupo/7186574396168654
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Education &
Training

Research

Interaction & Support

(Collaborations and Consulting)

Figure 1. The three main pillars of NBioinfo’s activities.

advance of the field itself. In what follows we describe our
initiatives in each of the three pillars.

3.1 Education & Training

Bioinformatics skills are increasingly central to life sciences,
but there is still a curricular gap in these courses regarding
proper integration of statistical, mathematical, and computa-
tional training, even at the basic level. Relatively few re-
search and higher education institutions in Brazil have in-
corporated bioinformatics into their academic curricula, as
observed in other LMICs [Aron et al., 2021], or host bioin-
formatics research groups. Such skills are relevant to allow
students to develop necessary computational and quantitative
skills and face the current big data era [Sayres et al., 2018].
In contrast, computer science students often do not have the
biological background needed to properly tackle biomedical
scientific problems through programming. As a result, con-
ducting data analyses and developing research in such an in-
terdisciplinary field as bioinformatics becomes challenging
due to the scarce availability of experts with the required
skills and experience. Indeed, previous publications [Dragon
et al., 2020] have pointed out the challenges of limited per-
sonnel for the workload and the need to cover such a broad
range of expertise underlying bioinformatics projects.

Since the first steps were taken by our group, when estab-
lishing a bioinformatics core at HCPA was still an idea emerg-
ing from a collaborative network, and NBioinfo did not exist
as a physical laboratory, we have committed to the devel-
opment of human resources in our local community. The
PIs have contributed to the formation of several students at
the undergraduate and graduate levels, who developed skills
in bioinformatics by conducting their own projects or con-
tributing to other research projects supported by NBioinfo.
Besides, we dedicated efforts to provide training programs
in a set of core bioinformatics competencies identified as
relevant for HCPA’s community. We promoted theoretical
courses to disseminate how bioinformatics could be a use-
ful tool in research projects developed at the institution and
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arouse the interest of the HCPA community in this area of
research, as well as theoretical-practical courses in bioinfor-
matics to empower more people to perform some commonly
demanded analyses. These courses were offered to stu-
dents, researchers, and professionals from various branches
of life and medical sciences, prioritizing people affiliated
with HCPA and UFRGS institutions. About 165 people were
enrolled in these capacity-building courses, which we con-
sider to have achieved the proposed objective, as many partic-
ipants became self-sufficient in analyzing their data, and oth-
ers later joined NBioinfo as associate members, going from
students to researchers providing analytical support to other
research projects.

We also continuously promote bioinformatics training and
knowledge by actively organizing or participating in scien-
tific seminars and events and sharing our expertise and ex-
perience through lectures, talks, or roundtable discussions.
Among the several initiatives supported by our group, we
highlight the Bioln4Girls event organized by NBioinfo in
2020. Bioln4Girls was an online event motivated by the
usual underrepresentation of women as speakers and pre-
senters in bioinformatics events. Bioin4Girls featured talks
spanning seven major topics in bioinformatics, all given by
female researchers. Besides, 100% of the steering commit-
tee members were women, and we sought to promote ethnic-
ity and gender identity diversity among speakers and orga-
nizers. Talks were given in Portuguese and broadcasted by
YouTube and are still available on the event’s channel®. The
event had 1705 registered attendees from 26 states of Brazil
and 18 countries. As of March 31st, 2022, the BioIln4Girls’
Youtube channel has more than one thousand subscribers,
and the videos from the ten days of the event have 1.2k to
2.7k views each. To the best of our knowledge, Bioln4Girls
was the first symposium on bioinformatics in Brazil to fea-
ture women exclusively as speakers, giving greater visibility
to brilliant women researchers and their outstanding contri-
butions to bioinformatics.

All these activities aim to contribute to a community-
building process involving bioinformatics users and scien-
tists, strengthening bioinformatics’ capacities at the institu-
tional and regional levels.

3.2 Interaction & Support

Bioinformatics is a broad field with a wide range of expertise
involved, presenting possible applications in various knowl-
edge areas and research problems. Consequently, the range
of audiences who are potential users of bioinformatics tools
and resources is large and diverse, with varied need pro-
files. In a healthcare organization like HCPA, it is natural
that many research projects may greatly benefit from bioin-
formatics tools, whereas few groups have the expertise and
independence to explore it. Moreover, while some groups
may be interested in training their members to run analyses
in an applied context, others may be more interested in seek-
ing specialized assistance for this stage of their projects.
Thus, NBioinfo aims to serve as a reference for bioin-
formatics in HCPA, not only for promoting training activi-

3https://www.youtube.com/c/BioIn4Girls
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ties, but also for assisting researchers from the institution,
UFRGS, and eventually from external groups, in scientific
matters. Our goal is to be the first point of contact within our
local community, where researchers can seek assistance in
planning and executing the analysis of their data and where
we can stimulate cross-disciplinary interactions among insti-
tutional researchers, increasing the cooperation between the
experts of the “wet lab” and “dry lab” areas. Support is pro-
vided on five main topics (omics data analysis, variants anal-
ysis, metagenomics, systems biology, and machine learning)
and in all levels of investigation, from the study conception to
data analysis and interpretation and results communication.

In this sense, NBioinfo operates under two forms of sup-
port to research groups: consulting services and scientific
collaborations. Consultation is defined here as any guid-
ance or assistance with methodological aspects, methods,
pipelines, tools, or resources so that the researchers or their
collaborators can perform bioinformatics analysis of their
own. These are usually short-term interactions that aim to
handle punctual issues or doubts in the course of research.
Collaboration, on the other hand, is defined as the active
and direct participation of NBioinfo’s members in the re-
search project, bringing significant contributions to compo-
nents of this process: writing the project proposal; plan-
ning, running, and interpreting data analyses; developing
customized computational methods or pipelines, or writ-
ing/revising manuscripts. This is usually a long-term inter-
action that often culminates in joint publications following
the general principles for authorship criteria.

Initial consultation requests are submitted through a struc-
tured webform available on the HCPA’s website, in which
the researcher informs, among others, the topic of interest,
types of analysis desired, current stage of the project, and
what kind of assistance they expect from NBioinfo - either
consultation or collaboration. Criteria for attribution of au-
thorship resulting from NBioinfo’s support are provided in
the webform to clarify under what conditions our assistance
is considered a significant contribution to the design, im-
plementation, and analysis or presentation of the study. In
cases where these criteria are not met, but NBioinfo’s sup-
port was relevant for the study, we orient users to recog-
nize NBioinfo’s assistance by formal mention in the paper ac-
knowledgments section. Very commonly, initial contacts for
consulting services end up turning into collaborative projects
as the conversations and ideas evolve. Consultation is free of
charge for researchers and demands from academic external
groups are limited to our response capacity.

Since 2018, NBioinfo has provided technical or scientific
assistance to more than 80 research projects. The first in-
teractions, between 2018 and 2020, were mainly focused on
analysis of omics data and of NGS sequencing data. The
HCPA offers a well-equipped technology park to run molec-
ular analyses, through the Unidade de Pesquisa Laboratorial
(UPL), including NGS sequencing with Ion S5, lon PGM,
and Thermo Fischer platforms, and microarray analysis with
an Affymetrix 3000 7G scanner. The facility also counts on
trained personnel to run these analyses and provide techni-
cal support. Nonetheless, microarray reagents and assays
costs are still high and inaccessible to many research projects.
Thus, most of the projects in the scope of omics data sup-
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ported by NBioinfo aimed to leverage public data reposi-
tories, such as Gene Expression Omnibus (GEO) and The
Cancer Genome Atlas (TCGA). NGS sequencing analyses
were mainly requested for metagenomic approaches over
16S rDNA sequencing. More recently, we observed an in-
creasing demand for metagenomics support, probably due to
the lower costs of this analysis compared to microarray ex-
periments and the various fields in which it has been success-
fully explored. Since 2021, from the 32 projects for which
support was requested from our group, 53% were related to
metagenomics.

We briefly exemplify some interactions with other re-
search groups, which, inspired by their peers’ publications,
were elaborating ideas for bioinformatics analysis in their
projects but did not have, at the moment, the knowledge or
skills necessary to execute them. NBioinfo has contributed
to a functional investigation of relevant genes or miRNAs
selected through systematic reviews by researchers in our in-
stitution. In one study, we applied network and functional en-
richment analyses to analyze genes that were candidate prog-
nostic biomarkers for ovarian response in controlled ovarian
stimulation [Eisele et al., 2021], while in another, we used
bioinformatics tools to find the genes and biological path-
ways modulated by a subset of miRNAs consistently dys-
regulated in diabetic kidney disease [Assmann et al., 2018a].
We have also collaborated with studies that explored public
omics databases to analyze differential expression or methy-
lation patterns in specific conditions, such as breast cancer
[Goemann et al., 2020] and COVID-19 [Kristem ez al., 2021].
These in silico analyses were run either to complement ex-
perimental studies with samples collected at the hospital as
a means to validate the findings or to test scientific hypothe-
ses when the groups could not collect the appropriate sam-
ple data at the hospital. In all these interactions, NBioinfo
was a key collaborator to enable new insights to be obtained
through bioinformatics analyses.

Currently, the main bottleneck for consulting services is
the limited analytical capacity of our staff for the increasing
workload faced by our group. Although we intend to assist
as many research groups as possible, projects are accommo-
dated on a first-come, first-served basis, and the researchers’
analysis deadlines may not be met by our team’s availability.
Occasionally, consultation requests were not met because
they covered skills outside the group’s current competencies.

3.3 Research

NBioinfo works both in fundamental and applied research
in Bioinformatics and Computational Biology. Our inter-
disciplinary team aims to develop computational methods
and tools for analyzing genomic and clinical data to help
researchers shape, answer and evaluate complex, multidis-
ciplinary questions about biological phenomena and patho-
physiological mechanisms. We are engaged in research
projects that aim to advance the field of bioinformatics by
proposing new methods or enhanced analytical pipelines and
to further bioinformatics application to other fields by devel-
oping solutions and technological innovation in contexts that
demand specialized knowledge in biology and computational
methods. Our main research topics will be presented in detail
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in Section 4.

Research is conducted in projects coordinated and exe-
cuted by NBioinfo, as well as in collaboration with other re-
search groups from HCPA, UFRGS, or external institutions.
HCPA provides an interesting ecosystem in which scientific
or technological research and health care activities were al-
ready successfully integrated. This environment provides a
fertile ground to encourage translational bioinformatics, and
NBioinfo aims to explore these frontiers in its scientific activ-
ities. Many projects developed by the group are in close in-
teraction with life and health scientists and aim to exploit our
analytical skills and the toolkit provided by Bioinformatics
to allow researchers to better leverage their time, resources,
and data. Common examples of scientific collaborations es-
tablished by NBioinfo are with (i) projects that start with a
more broad (and sometimes exploratory) research question
to which we apply bioinformatics to refine hypotheses, ana-
lyzing public databases and resources and helping the inves-
tigators in selecting findings for a focused experimental in-
vestigation; and (ii) projects in which (experimental) results
were already obtained and we apply bioinformatics analyses
to further investigate these findings, helping in their inter-
pretation by putting their results into a broader context or by
seeking additional supporting biological evidence through in-
tegrative analysis of several related databases.

In Brazil, a limited number of bioinformatics groups or
laboratories have such a close proximity to a hospital envi-
ronment or clinical groups. This gives us the advantage of
being near to many research groups developing high-impact
research with great potential to positively influence health-
care and people well-being, who can benefit from bioinfor-
matics to achieve even more meaningful results. Since the
start of NBioinfo’s activities, we have established collabora-
tions with a number of services, laboratories and research
groups from HCPA, sharing publications with researchers
from the Cardiology Service, Endocrinology Service, Gy-
necology and Obstetrics Service, Digestive Surgery Ser-
vice, Psychiatric Service, Laboratory of Genomic Medicine,
among others. We also had publications with external collab-
orators, including international groups, like Technical Uni-
versity of Munich, North Carolina State University, and Uni-
versity of Texas at Austin - MD Anderson Cancer Hospital.

NBioinfo published a total of 37 papers in international
peer-reviewed journals and 4 preprints in recognized preprint
repositories from 2017 to 2022. Our group also participated
in several national and international conferences with oral or
poster presentations. Projects coordinated by the PIs often
receive funding from state and federal funding agencies, as
well as from the Hospital de Clinicas de Porto Alegre Re-
search Fund (FIPE). Finally, we note that the group’s Pls
are CNPq Research Productivity Fellows (PQ) in their ar-
eas of knowledge: Ursula Matte is PQ-1D in Genetics, An-
dreza Martins is PQ-2 in Agricultural Science, and Mariana
Recamonde-Mendoza is PQ-2 in Computer Science, demon-
strating the continued impact and high-quality of their scien-
tific production and other academic activities.
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4 Research Areas

NBioinfo has concentrated its scientific efforts in five
main research areas: variants analysis, omics data analysis,
metagenomics, systems biology, and machine learning. In
what follows, we briefly present these areas, with focus in
the scientific problems we are currently working on and on
challenges that we intend to pursue in the future.

4.1 Genome and Variant Analysis

High-throughput sequencing techniques, which have been
called next-generation sequencing (NGS) approaches, have
revolutionized the genomics field [Petersen et al., 2017; Lap-
palainen ef al., 2019]. The reduced cost per base sequenced
and the possibility of analyzing the whole genome in a single
run have started the “omics” era, allowing several pieces of
research to be accomplished in much less time than expected
compared to Sanger sequencing [Lappalainen et al., 2019].
The number of whole-exome sequencing (WES) and, more
recently, whole-genome sequencing (WGS) have increased
exponentially, providing an impressive number of data avail-
able in public databases [Petersen et al., 2017].

The use of WGS to address clinical pathogens has been
improving in the last few years. Although the costs are a lim-
iting factor, the main advantage is providing much informa-
tion with a unique technique. This approach is based on cul-
tured bacteria and is conventionally applied to identification
of rare bacteria, outbreaks investigation by cgMLST/MLST
(multi-locus sequence typing) and to the surveillance of high-
risk clone and antimicrobial resistance genes (including mo-
bile genetic elements such as plasmids and transposons)
[Cameron et al., 2020]. All of these are the scope of anal-
yses carried out in our group. In addition, in the last years,
we have focused on SARS-CoV-2 genomic surveillance due
to the sanitary emergence that we are experiencing. This ap-
proach is based on total nucleic acid sequencing from pri-
mary clinical specimens, using amplicons targeted to the vi-
ral genome. The generated sequences are analyzed to iden-
tify mutations, SNPs and classify the variants. Analyses of
pathogens genomics still pose several challenges. Most bac-
terial analyses are standardized, but the study of mobile ge-
netic elements requires pipeline customization according to
microorganisms. The bacteria genome is around 4-6 Mbp,
demanding a high-performance computer to align and com-
pare plasmids and genomes and bioinformatics skills. In ad-
dition, the pipelines typically access different databases that
are constantly updated. Further, sometimes it is necessary to
perform the phylogenetic analyses to establish the relation-
ship among the strains or specimens, which require a lot of
computing power and time to process data [Cameron et al.,
2020].

In NBioinfo, WGS and WES analyses have been most
requested in human genetics research. Public databases
containing consortiums of exomes and genomes have been
largely explored to provide better comprehension regard-
ing variants associated with genetic disorders, including
ExAc [Karczewski et al.,2017], gnomAD [Karczewski et al.,
2020], and ABraOM [Naslavsky et al., 2017]; the latter pro-
vides variants encountered in Brazilian individuals. Despite
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the variants being easily assessed, their pathogenicity po-
tential is not so easily comprehended [Findlay, 2021]. Cri-
teria for classification of the variants’ pathogenicity have
been provided in a guideline from the American College of
Medical Genetics [Richards et al., 2015] and are incorpo-
rated in different databases [Kopanos et al., 2019]. How-
ever, several variants remain classified as Variants of Un-
known Significance (VUS) [Petersen et al., 2017]. In addi-
tion, it is challenging to evaluate these alterations’ deleteri-
ousness in complex genetic disorders [Findlay, 2021]. Two
studies from our group explored population-based genomic
databases using bioinformatics pipelines to investigate vari-
ants associated with mucopolysaccharidoses (MPS). MPS
are a group of lysosomal storage diseases due to deficien-
cies of enzymes involved in the breakdown of glycosamino-
glycans. In [Borges et al., 2020], the prevalence of differ-
ent types of MPS was estimated based on data from the
ExAC and gnomAD databases, demonstrating an analytical
approach that can be reproduced for other rare diseases to aid
health systems in better preparing to deal with them. More-
over, motivated by the different results that may be obtained
for the same gene using distinct in silico predictors, Borges et
al. [Borges et al., 2020] compared 33 in silico predictors and
one conservation score using two datasets of variants with
different degrees of confidence to evaluate the variants of
uncertain significance present in the IDUA gene, which is
associated with MPS 1.

Moreover, our group has participated in studies focusing
on understanding the genetic alterations that might increase
the susceptibility to developing Thalidomide Embryopathy
(TE). Thalidomide is the only factor necessary and sufficient
to cause TE; however, there is a genetic susceptibility as-
sociated [Smithells and Newman, 1992; do Amaral Gomes
et al., 2021]. To evaluate these variants of susceptibility,
Kowalski et al. developed a gene panel comprising the
CRL4-complex genes and the transcription factors IKZF1
and IKZF3 [Kowalski ef al., 2020b]. Thalidomide binds
to this complex through CRBN and degrades other proteins,
such as IKZF1 (Ikaros) and IKZF3 (Aiolos). By sequencing
the coding and untranslated regions of these genes in 35 indi-
viduals with TE, the authors encountered 145 variants. When
performing a heatmap score, the authors identified variants
that were associated to pre-axial limb anomalies, typical of
TE [Kowalski et al., 2020b]. A more recent study of the
group has provided a comparative genomic analysis in TE
[Kowalski et al., 2021]. The sequence of 42 genes was com-
pared across 14 species, two being resistant to TE develop-
ment. The proteins RECQL4, SALL4, CDHS5, KDR, and
NOS2 had several variants in unaffected species compared
to the sensitive ones.

4.2 Omics Data Analysis

Omics studies aim to comprehensively measure a particu-
lar type of molecule from a biological sample, providing
a holistic view of the biological system concerning the tar-
geted molecular feature [Yamada ef al., 2021]. Omics data -
including genomics, transcriptomics, epigneomics, and pro-
teomics - are increasingly available in publicly accessible
databases. They have been successfully explored with sta-
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tistical and computational methods in various scenarios to
extract molecular patterns associated with conditions of in-
terest and provide transformative insights into biological pro-
cesses, events, and diseases. While the experiments were ini-
tially concentrated on one type of omics, more recently, we
have observed several integrative efforts analyzing two or
more types of omics for the same set of samples to increase
the power in understanding the complexity underlying hu-
man health and disease [Yamada et al., 2021; Misra et al.,
2019].

NBioinfo routinely conducts research aiming to leverage
single- or multi-omics data to identify molecular changes un-
derlying biological or clinical conditions of interest. Most
of our recent collaborations with other research groups from
our institution were in this scope and included the analy-
sis of transcriptome, miRNome, and methylome profiles in
diseases such as COVID-19 [Kristem et al., 2021], cancer
[Goemann et al., 2020; Gregorio et al., 2020; Sartor et al.,
2019], and type 1 diabetes [Assmann et al., 2018b]. We have
also experience in exploring the potential of meta-analysis
approaches to overcome the low statistical power due to
small sample size in proportion to the thousands of measured
probes in omics technologies and the low reproducibility of
differential analyses based on a single omics dataset because
of technical variabilities. We have applied this methodol-
ogy to integrate transcriptome datasets using standard statis-
tical methods [Haas Bueno and Recamonde-Mendoza, 2020]
and machine learning-based approaches developed by our
group [Trevizan and Recamonde-Mendoza, 2021], and ongo-
ing works are further exploring meta-analysis methods to in-
tegrate distinct miRnome and methylome studies. Given the
increasing interest in exploring omics data from public bio-
logical databases, we prepared a comprehensive overview of
human biological databases in a recent paper [Villalba and
Matte, 2021]. The review includes databases and tools to
search biological sequences, genes and genomes, gene ex-
pression patterns, epigenetic variation, protein-protein inter-
actions, variant frequency, regulatory elements, and compar-
ative analysis between human and model organisms.

Bioinformatics on omics data is also a promising ap-
proach to advance rare diseases research, although the chal-
lenges are staggering. We developed MPSBase, a database
for differentially expressed genes from different public
mucopolysaccharidoses (MPS) data. The database gath-
ers 13 studies previously deposited in the GEO database
(https://www.ncbi.nlm.nih.gov/geo/), providing easy access
to this information through a user-friendly*. We believe the
development of analytical and automated strategies accessi-
ble to health professionals is essential for fostering research
on MPS and other diseases. In the methodological side, we
also aim to further explore multi-omics analyses, which de-
spite introducing additional analytical challenges, have the
potential to explain genotypic and phenotypic heterogene-
ity that may not be evident from single-omic analyses [Kerr
et al., 2020].

*https://www.ufrgs.br/mpsbase/
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4.3 Metagenomics

Nowadays, the Metagenomic is the main approach to study
the structure, function and diversity of microbial communi-
ties in different microbiomes [Jiinemann et al., 2017]. There
are different techniques, but two of them are mainly used:
the characterization of 16S rDNA and metagenomic shotgun.
The 16S rRNA-based NGS analysis has been used to tax-
onomic composition and phylogenetic relationship among
prokaryotes. On the other hand, the metagenomic shotgun
can address other microorganisms as virus and fungi besides
the function of each member in the community [Jiinemann
et al., 2017]. These results associated with other omics
technology can offer results more robust and more reliable
[de Vos et al., 2022].

Several studies are ongoing, all of them 16S rDNA based:
characterization of gut microbiota composition after inter-
vention (e.g., effect of consumption of grape juice on the de-
velopment of school children and it’s association with micro-
biome, effects of gut microbiome on sepsis susceptibility and
progression), and others on upper and lower respiratory mi-
crobiome (e.g., the relationship between nasopharyngeal mi-
crobiota and COVID-19 outcomes, cystic fibrosis, the prog-
nostic for respiratory diseases, tracheostomized children).

Recent advances in technology alongside the drastic reduc-
tion of sequencing costs that increased our capacity to gener-
ate a huge amount of microbial DNA data. From this point
of view, we have observed an increase in the number of mi-
crobiome studies but the knowledge about the key points and
analyses is very scarce in our scientific community. Defining
the experimental design (sample size, following), adequate
methodology and statistical analysis is not an easy task since
the most fundamental issues in microbiome studies come
from poor statistical analyses and incorrect experimental de-
sign. In addition, the output of microbiome analyses delivers
an elusively ordinary matrix. These data are highly dimen-
sional, with thousands of different taxa, sparse, with lots of
zeros, and demand a wary statistical approach to generate
significant results. The possibilities and the number of tools
available to perform that are enormous [Callahan et al., 2016;
Knight et al., 2018]. Moreover, the time management to im-
prove our know-how and get skills in bioinformatics is yet a
limiting factor in our service capacity.

4.4 Systems Biology

The organism’s complexity and the biological pathways un-
derlying the wide range of biochemical processes cannot be
transcribed as a single feature in bioinformatics analyses. Un-
derstanding interactions among molecular or chemical fea-
tures (e.g., genes, proteins, transcription factors (TFs), non-
coding RNAs, drugs of interest) and their association with
conditions of interest has long been a goal of systems biol-
ogy studies, which are gaining momentum due to the greater
availability of biological data and bioinformatics resources
[Pavlopoulos et al., 2011]. Using this approach, we inves-
tigated the neurological impairment regarding a set of lyso-
somal diseases [Silva and Matte, 2022]. We applied topol-
ogy analysis to search hub genes and enrichment analysis to
understand the biological process and mechanisms of neu-
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ropathology in the different types of MPS. In other studies,
we used systems biology to identify new ovarian response
markers to controlled ovarian stimulation [Eisele et al., 2021]
and to construct a comprehensive TF-miRNA co-regulatory
network in pathological cardiac hypertrophy that allowed
new insights about key regulators, molecular mechanisms,
and the interplay between microRNAs and TFs in this condi-
tion [Recamonde-Mendoza et al., 2019].

Systems biology analyses are particularly challenging
when evaluating embryonic development. Transcription reg-
ulation is very intrincated in embryonic development and
the genetic control of proliferation and cell differentiation
is more similar with the tumor cell than the normal adult
one [Ma et al., 2010; Shahbazi and Zernicka-Goetz, 2018]
However, the number of databases comprising embryo-
development data is limited, for protein-protein interactions
(PPI), gene-gene (co-expression) and even drug-protein net-
works. Drug-protein networks’ databases are very usual for
adult cells data (i.e., STITCH, ChEMBL, IntAct) [Villalba
and Matte, 2021], but the knowledge regarding drug effects
in embryo or fetal development is not so represented. Sev-
eral drugs are known to disrupt embryo development caus-
ing congenital anomalies, being named teratogens [do Ama-
ral Gomes ef al., 2021]. To better understand the teratogenic
effects of anticonvulsants, a weighted gene co-expression
network analysis (WGCNA) was performed in one publica-
tion of NBioinfo [Kowalski ez al., 2020a]. In this study, Gene
Expression Omnibus (GEO) datasets were obtained, com-
prising only anticonvulsants exposure in human or mouse
embryonic stem cells. Through this analysis, chromatin re-
modeling and genes were associated with Fetal Valproate
Syndrome, which is induced by valproic acid use during preg-
nancy, whislt neurodevelopment genes were associated with
Fetal Hydantoin Syndrome, caused by phenytoin exposure
during prenatal development.

Regarding the wide range of methods and algorithms in
systems biology, we highlight some challenges of particular
interest of our group. Measuring the reliability of PPI net-
works is an open problem, as experimental data is usually
liable to contain many spurious interactions, making diffi-
cult to reduce the noise in generated networks. Strategies
to detect disease-associated nodes from biological networks
also need further improvement. Reconstructing signaling
pathways from PPI networks and choosing the best ontology
databases are other tasks that still demand scientific atten-
tion.

4.5 Machine Learning with Biological and
Medical Data

The increasing size and complexity of biological data have
turned the biomedical domain into one of the most exciting
and fruitful application fields for machine learning [Greener
et al., 2022]. Machine learning (ML) is a subfield of Artifi-
cial Intelligence that aims to fit predictive models to data or
identify underlying patterns (e.g., groupings) within the data
that may be relevant for problem-solving by using learning al-
gorithms. These algorithms can automatically learn patterns
from data without the need for an explicit set of instructions.
Although the ML field is broad and accommodates several
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learning paradigms, NBioinfo works mainly with supervised
and unsupervised learning algorithms: while in the first, we
have labeled datasets to train models to classify data or pre-
dict outcomes accurately, in the second, we do not have a
label or output value for each input data and the algorithm
must find by itself the clusters or associations in the given
dataset. We also explore both shallow (i.e., traditional) and
deep learning algorithms, which extend the predictive poten-
tial of traditional ML methods by composing several layers
of non-linear modules than can extract multiple levels of rep-
resentation and learn very complex functions [LeCun et al.,
2015]. Deep learning algorithms have proven to be effective
methods for many different challenging tasks within bioin-
formatics, although progress is still needed to fully harness
their potential [Greener et al., 2022; Ching et al., 2018].

Our group has broad experience in exploring ML al-
gorithms to solve several different scientific problems in
bioinformatics. Various studies have been conducted with
NBioinfo’s collaboration in the scope of using ML algo-
rithms to develop predictive models for clinical diagnosis
or prognosis from a variety of data types, including omics,
clinical, and sociodemographic variables. In [Mello et al.,
2020], we proposed a Support Vector Machine (SVM) clas-
sifier to discriminate solid primary tumor (TP) and adjacent
normal tissue (NT) for endometrial carcinoma using IncR-
NAs expression profiles, and in [Brondani et al., 2020], we
developed a random forest model to classify patients at dif-
ferent stages of diabetic kidney disease according to their
peptidomics profile. We have also collaborated with the de-
velopment of ML models to identify high-risk drinking pat-
terns among medical students using web survey data [Mar-
con et al., 2021] and to support posttraumatic stress disorder
staging based on clinical and sociodemographic information
[Ramos-Lima et al., 2022].

Besides the research related to clinical machine learning,
our group has tackled the task of protein essentiality pre-
diction using the concept of graph neural networks (GNNs),
which are a class of deep learning methods designed to oper-
ate on graph-structured data [Schapke ef al., 2021]. We have
engaged in further exploring GNNs to other node-level and
edge-level prediction tasks in bioinformatics, including the
discovery of cancer driver genes [Andrades and Recamonde-
Mendoza, 2022] or the reverse engineering of gene regula-
tory networks (e.g., miRNA-target interactions). Our group
is also interested in leveraging feature selection methods for
biomarkers discovery from omics data. A promising direc-
tion that we have recently explored is the proposal of en-
semble feature selection approaches to increase the stabil-
ity and accuracy of candidate diagnostic biomarkers derived
from high-throughput data, such as transcriptome [Trevizan
and Recamonde-Mendoza, 2021; Colombelli et al., 2021].
Finally, we highlight NBioinfo’s participation in an inter-
national initiative to develop a community-driven platform
for minimal information standards in report Al systems for
biomedical domains [Matschinske et al., 2021]: the AIMe
registry®.

We believe ML algorithms have an essential role in ad-
vancing our understanding of the function of organisms and

Shttps://aime-registry.org
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the mechanisms of diseases, extending the potential of sta-
tistical methods traditionally employed in bioinformatics
pipelines. Nonetheless, we also acknowledge the need to
work towards improving these algorithms concerning many
open challenges that are inherent to the biomedical domain,
such as the high dimensionality of omics datasets, the need
to efficiently integrate multi-view (i.e., multi-omics) data to
enhance models’ predictive power, the usual class imbalance
found in clinical and omics domains, and the high suscepti-
bility of ML models to bias introduced by common historical
disparities in healthcare and genomics data. Current projects
under investigation by our group aim to extend the applica-
tions of ML in bioinformatics and to tackle these issues in
order to make ML models a more reliable, secure, and accu-
rate tool for pattern detection and predictions in the field of
bioinformatics and health sciences.

5 Final remarks: successes, chal-

lenges and perspectives

Bioinformatics is an inherently interdisciplinary field and
has many ramifications. These characteristics require
researchers’ cooperation from different knowledge areas
touched by bioinformatics and with distinct expertise in
data analyses. Although cross-disciplinary collaborations
are not an easy road, NBioinfo succeeded in aggregating a
complementary combination of skilled personnel around the
common goal of developing a bioinformatics expertise hub
within HCPA, an important Brazilian public hospital. An
analysis of our trajectory shows that many successful inter-
actions were established with other institutional groups and
that our activities enabled more researchers to leverage the
potential of omics resources and bioinformatics analyses in
their projects - either through our capacity-building or con-
sultation initiatives. In times of drastic cuts to the federal
science budget, the access to these resources and methodolo-
gies enables several impactful research that would not be car-
ried out without this support. Still, many challenges remain.
A critical one is the need to continuously engage and train
students and researchers to deal with the multiplicity of tech-
nologies, methodologies, and applications in bioinformatics
and with the growing demands faced by NBioinfo, which
from time to time outnumber our ability to contribute to new
projects. Through our training, consultations, and research
activities, we hope to continue expanding our academic net-
work, increasing bioinformatics outreach at institutional, re-
gional, and national levels, and contributing to the scientific
development of the field.
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