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Abstract

Bioinformatics is a growing research field that received great notoriety in the years of the COVID-19 pandemic. It is 
a very integrative area, comprising professionals from science, technology, engineering, and mathematics (STEM). 
In agreement with the other STEM areas, several women have greatly contributed to bioinformatics ascension; 
however, they had to surpass prejudice and stereotypes to achieve recognition and leadership positions, a path that 
studies have demonstrated to be more comfortable to their male colleagues. In this review, we discuss the several 
difficulties that women in STEM, including bioinformatics, surpass during their careers. First, we present a historical 
context on bioinformatics and the main applications for this area. Then, we discuss gender disparity in STEM and 
present the challenges that still contribute to women’s inequality in STEM compared to their male colleagues. We 
also present the opportunities and the transformation that we can start, acting in academia, inside the family and 
school environments, and as a society, hence contributing to gender equality in STEM. Finally, we discuss specific 
challenges in the bioinformatics field and how we can act to overcome them, especially in low and middle-income 
countries, such as Brazil.
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Introduction
Over the past 25 years, advances in genome sequencing 

technologies associated with their decreased costs paved 
the way for the exponential growth of sequenced genomes 
(Lappalainen et al., 2019). Two decades after the completion 
of the Human Genome Project, genome sequencing at an 
individual level is becoming routine, and substantial high-
throughput technologies are available and have been applied 
in a large variety of organisms and cell types (Chen and 
Coppola, 2018). With the huge amounts of data generated 
by these next-generation sequencing (NGS) technologies, 
bioinformatics has become more needed in genetics research 
and diagnosis laboratories (Lappalainen et al., 2019). Recently, 
bioinformatics has made great contributions during the 
Covid-19 pandemic in predicting the structure, origin, and 

evolution of SARS-CoV-2, contributing to understanding the 
pathogenesis of the virus and screening drugs and vaccines in 
record time for public health decision-making (First cases of 
coronavirus disease (COVID-19) in Brazil, South America (2 
genomes, 3rd March 2020). The combination of bioinformatics 
analysis with NGS is instrumental in interpreting biological 
data (Chen and Coppola, 2018), such as data from genomes, 
transcriptomes, proteomes, epigenomes, and metabolomes.

The prodigious scale of these omics data requires storage 
in specialized databases (Lappalainen et al., 2019), such as 
the publicly available ones, which revolutionized the way of 
doing science. Beyond facilitating data sharing, secondary 
analysis of publicly available data through bioinformatic 
approaches is a powerful strategy to shed light on new 
hypotheses (Chen and Coppola, 2018), which can be later 
confirmed in experimental assays. With the aid of these 
databases, bioinformatics approaches provide a non-expensive 
way for identifying specific and biologically relevant targets, 
contributing to saving time and effort, as well as for better-
allocating resources and avoiding the misuse of animal 
models. In low- and middle-income countries such as Brazil, 
alternatives for prioritizing financial investment are of great 
interest (Rocha et al., 2022).
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Bioinformatics have been applied to several health 
and other science fields. However, it is a consensus that 
bioinformatics is largely applied in genetics and genomics. 
In this review for the special edition of the 60th anniversary 
of the Post-Graduation Program in Genetics and Molecular 
Biology (PPGBM), we will focus on the bioinformatics 
applications in genetics and we will discuss the challenges 
women encounter by entering this area, as well as strategies 
we can all commit to increase gender equality in the field. 

Women in Bioinformatics: The past and the 
present

The creation of computational technologies in several 
areas of knowledge has led to profound changes in society at the 
individual and collective levels. In this context, computers and 
their specialized tools have become fundamental in the working 
toolkit of professionals and researchers in the biological and 
biomedical sciences. Today, almost all research projects related 
to those areas require bioinformatics tools, especially since the 
establishment of methodologies that generate a vast amount 
of data, such as massive sequencing technologies. Those 
next-generation sequencing (NGS) methods are related to a 
substantial change in investigations of population genetics, 
microbial ecology, molecular systematics, and several other 
areas of research (Gauthier et al., 2019).

There are controversies between the definitions of 
bioinformatics and computational biology, which sometimes 
appear to be synonymous due to the inappropriate use of the 
terms. For that reason, in 2000 the Biomedical Information 
Science and Technology Initiative Consortium (BISTIC) 
Definition Committee, part of the National Institutes of Health 
(NIH), defined bioinformatics as the “research, development, 
or application of computational tools and approaches for 
expanding the use of biological, medical, behavioral or 
health data, including those to acquire, store, organize, 
archive, analyze, or visualize such data” (Huerta et  al., 
2000). Computational biology was defined by the same 
committee as “the development and application of data-
analytical and theoretical methods, mathematical modeling 
and computational simulation techniques to the study of 
biological, behavioral, and social systems”. Since the terms 
are very similar and sometimes incorrectly applied, many 
researchers not entirely familiarized with bioinformatics often 
believe that it is a recent area, created to meet the demand for 
analysis of data generated by the NGS. However, it is important 
to highlight that computational strategies have been applied 
to solve biological problems even before the Internet appears. 
Therefore, the history of bioinformatics started many years 
ago, and distinct women researchers have been important to 
consolidate this field.

Women pioneered the development of computer science 
and bioinformatics. In 1843, English mathematician and writer 
Ada Lovelace developed programs on Charles Babbage’s 
mechanical computer, contributing to the world’s first computer 
algorithm. As early as 1946, six mathematicians, Fran Bilas, 
Betty Jennings, Ruth Lichterman, Kay McNulty, Betty Snyder, 
and Marlyn Wescoff, developed programs for the first electronic 
computer in history (ENIAC) during World War II. In 1965 
occurred the first attempt to systematize the knowledge of 

proteins, with the Atlas of Sequence and Structure of Proteins, 
considered the first database of biological sequences and 
organized by several authors. Margaret Dayhoff stands out 
among authors for her important role in forming bioinformatics 
as we know it today, both in terms of sequences and structures. 
She was an American physical chemist who used computational 
methods for her doctoral thesis in electrochemistry and 
realized the potential and applicability of these methods in 
the biological and biomedical areas. Dayhoff is considered 
a pioneer in the application of computation in the field of 
biochemistry, and she was called ‘the mother and father 
of bioinformatics’ by David J. Lipman, former director of 
National Center for Biotechnology Information (NCBI). Also 
in the 1960s, together with Robert S. Ledley, a physicist who 
used computational resources in biomedical problems, Dayhoff 
developed Comprotein, a computer program to determine 
the primary structure of proteins. Dayhoff also developed 
the one-letter amino acid code to simplify the manipulation 
of protein sequence data that was stored on punched cards. 
Furthermore, she developed one of the first substitution 
matrices and contributed significantly to the development of 
phylogenetic studies. In the following decades, 1970s and 
1980s, advances allowed the analysis of complete genomes. 
While in the 1990s-2000s, the use of the internet associated 
with next-generation sequencing led to the generation of a 
large volume of data and the proliferation of bioinformatics 
tools (Gauthier et al., 2019).

In the current scenario, women continue to contribute 
significantly to bioinformatics. For example, Emmanuelle 
Charpentier and Jennifer A. Doudna jointly won the 2020 
Nobel Prize in Chemistry. They received the award for 
their research into the development of Clustered Regularly 
Interspaced Short Palindromic Repeats (CRISPR), a genome-
editing method that has revolutionized the biological and 
biomedical sciences for its potential therapeutic use in genetic 
diseases. Although the CRISPR itself is commonly related to 
the wet lab, this technique could never be done without the 
help of bioinformatics tools that previously help the scientist 
to choose the sequences that should be removed from the 
genetic material (Alkhnbashi et al., 2010). This was the first 
time that the Nobel Prize was given to two women together. 
Also in 2020, the Brazilian researchers Jaqueline Goes de 
Jesus and Ester Cerdeira Sabino joined the team responsible 
for mapping the genome of the coronavirus in Brazil (de 
Jesus et al., 2020). Furthermore, the biologist Ana Tereza 
Ribeiro de Vasconcelos and her team identified a new variant 
of the SARS-CoV-2 in Rio de Janeiro. She is responsible for 
the bioinformatics laboratory at the Laboratório Nacional 
de Computação Científica (LNCC), where she has worked 
since 1984. Vasconcellos is considered one of the pioneers 
in bioinformatics in the country. In 1998, she organized 
the formation of a “national genome network”, with the 
training of 25 laboratories in 15 Brazilian states. Among 
other contributions, she was also one of the creators and first 
president of the Brazilian Association of Bioinformatics and 
Computational Biology (AB3C). 

The Brazilian mathematician Maria Emília Machado 
Telles Walter was also a pioneer in bioinformatics. She is a 
professor at the Department of Computational Science at the 
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Universidade de Brasília (UnB), working mainly with genome 
sequencing and rearrangement, and comparative genomics. 
Professor Glória Regina Franco is also an important Brazilian 
bioinformatician. She is a professor at the Department of 
Biochemistry and Immunology at the Universidade Federal de 
Minas Gerais (UFMG), and her studies are mainly dedicated 
to genomics, transcriptomics, and proteomics of the neglected 
disease schistosomiasis, caused by Schistosoma mansoni, 
although she also works with other organisms. More recently, 
the bioinformatician and computer scientist Raquel Cardoso de 
Melo Minardi has played a prominent role in the dissemination 
of bioinformatics and training human resources in this area. 
She is a professor at the Department of Computer Science at 
the Universidade Federal de Minas Gerais (UFMG), working 
on the development of algorithms and computational tools 
for biological and health issues. Since 2018, Minardi has 
maintained the project “OnlineBioinfo Bioinformática”, a 
YouTube channel that aims to produce content for teaching 
and scientific dissemination on bioinformatics, in addition to 
training students capable of acting in scientific dissemination 
on the subject. Minardi works so that women know about and 
have access to science and technology courses so that they 
can pursue a career in bioinformatics, which is very important 
to disclose to women the different possibilities of working in 
bioinformatics applications.

Gender disparity in STEM 
Considering the great applications of bioinformatics and 

that advances in high-throughput technologies will continue to 
rise concomitantly with a large amount of genome-sequenced 
information, the support of powerful bioinformatics tools 
and qualified professionals will become more and more 
necessary to face it (Counsell, 2003). The areas encompassed 
by bioinformatics, science, technology, engineering, and 
mathematics (STEM) have been widely dominated by 
male researchers. Being bioinformatics relatively new, the 
following sections will address the gender disparity issue in 
the STEM field as a whole. Nevertheless, all the challenges 
and perspectives addressed here are present in the daily routine 
of a female bioinformatician.

Female representation in the STEM areas is frequently 
affected by gender stereotypes and gender bias (Roper, 2019). 
Even though in biological sciences women received around 
60% of bachelor degrees, in math and physics, men represent 
60%, while in engineering and computer science, the difference 
is even bigger, with only 20% of female representation 
(Bowman et al., 2022). Not only in universities the numbers 
are uneven, but also in the professional career, in which women 
receive fewer credits and stimulation to develop, the numbers 
are more disparate (The Lancet Digital Health, 2020). Even 
though the number of women choosing to graduate in STEM 
has been increasing over time, when it comes to employed 
females in these areas, numbers are still uneven. For instance, 
half of science and engineering graduates are women in the 
United States (US), but less than 30% of them work in the area; 
in the United Kingdom, women are less than 25% of science 
employees (Roper, 2019). One reason for these unbalanced 
numbers is the stereotype that girls and women are less 
interested or skilled in STEM, mostly engineering or computer 

science, which is disseminated early and impacts the number 
of young girls pursuing a degree in this area (Master et al., 
2021). In addition to gender stereotypes, sexual harassment 
and the remuneration gap between men and women are also 
related to the reasons women decide not to continue to work 
and research in the STEM areas (The Lancet Digital Health, 
2020). Moreover, women who continue their careers in this 
area receive fewer opportunities in leadership positions, such 
as in academic informatics programs. For example, between 
2017 and 2019, men represented the majority of leadership 
in the US (3/4) (Griffin et al., 2021). Furthermore, authorship 
in the research environment is also affected by the disparities. 
According to the Gendermetrics platform (In Life Science, 
Multidisciplinary, Earth & Environmental and Chemistry 
field), around 1/3 of the first authorship and co-authorship are 
represented by women, and less than 20% of the last authors 
were women (Bendels et al., 2018). The Covid-19 pandemic 
also highlighted gender inequities in the STEM and medicine 
(STEMM) environment, such as women with children reporting 
a decreased number of hours dedicated to work (Krukowski 
et al., 2022). For instance, a study in the US showed that in a 
STEMM faculty during the pandemic, women’s productions 
as first authors or coauthors decreased significantly, but men 
remained the same (Krukowski et al., 2021).

In Brazil, women tend to seek education more than men, 
but they have more difficulties finding a job (Organisation for 
Economic Cooperation and Development (OECD), 2019). 
Furthermore, in the research area, even though the number 
of women’s publications is increasing in the past years, 
they receive lower-level funding from the governmental 
foment agency Brazilian National Council for Scientific 
and Technological Development (Conselho Nacional de 
Desenvolvimento Científico e Tecnológico, CNPq), while men 
receive higher amounts (Valentova et al., 2017). Leadership 
position disparities are also present, as an example, in the 
Brazilian Society of Neuroscience and Behavior (SBNeC), 
from 1978 to 2020, only two women were presidents, and the 
majority of board posts were occupied by men (Erthal et al., 
2021). In authorships of scientific publications, the inequality 
remains present. For instance, in a Brazilian Surgical Journal, 
72.2% of the authors were men and according to a study, in 
two cardiology journals, around 70% of the last authors were 
male (Mesquita et al., 2022).

The gender gap is slowly decreasing over the years, but 
women still are a minority in the STEM fields (Valentova et al., 
2017). Some approaches like a support for female scientists 
throughout motherhood, specific funding and hiring not only 
of women but also other minorities, focusing on diversity, 
as well as stimulating the interest of young girls in pursuing 
a career in STEM might be helpful to change that scenario 
and continuingly diminish the inequality (The Lancet Digital 
Health, 2020; Krukowski et al., 2022).

Challenges and opportunities 
Gender inequality in STEM cannot be explained by only 

looking at the academic environment. Several cultural aspects, 
stereotypes, and economic issues are involved in explaining 
women being underrepresented in the STEM areas. Here, we 
highlight and discuss the main challenges to overcome gender 
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inequality focused on the academic area, and a solution for 
each matter is presented in Table 1.

The stereotype threat

STEM stereotypes are present in several niches in 
society, not only in academic environments. From offensive 
jokes to controversial studies, women are raised to believe 
women lack STEM ability when compared to men because of 
biological differences (i.e., brain anatomy, hormones), but none 
of them was proven (Girelli, 2023). This existing stereotyped 
STEM male model is replicated through generations of parents 
and/or educators (Tomasetto et al., 2011). Throughout women’s 
lives, beliefs that STEM fields are male territory are more 
intricate than we acknowledge. The math male stereotype 
exemplifies this issue. Mathematics is represented in social 
media as a cold, pervasive, more masculine area (Girelli, 2023), 
whilst other careers, such as pedagogy and language arts, are 
presented as more feminine (Chaffee and Plante, 2022). As 
reviewed by Girelli (2023), the math male stereotype might 
negatively impact the performance of both genders because it 
influences the expectation and self-concepts of each individual 
ability (Girelli, 2023). Boys might choose a STEM career 
because they are grown up believing language arts are not 
proper for men (Chaffee and Plante, 2022). Women who chose 
mathematics might underperform in tests because of the fear 
they might endorse the male math stereotype if they do not 
reach high scores on those tests (Girelli, 2023). The stereotype 
threat is a challenge that can only be solved by addressing 
gender inequity (Table 1). Gender inequity is considered the 
root for several issues regarding women’s mental health in 
academia, including the impostor phenomenon.

The gender-biased education and the work-family 
conflict

Gender bias can be defined as a favoritism to one 
gender over another, related to proper roles, behaviors, and 
expectations for men and women. It is commonly associated 
with a negative connotation for women, especially because 
of our patriarchal society concepts (Alves et al., 2020). From 
birth, children are confronted with gender stereotypes, such 
as the room decoration and colors of their clothes (blue for 
boys and pink for girls), as well as toys associated with boys 

and girls. Children are exposed to gender bias mainly by 
their parents/educators, who were also previously shaped 
and influenced by conducts imposed by society according 
to their gender (Alves et al., 2020). Endendijk et al. (2013) 
conducted a study with 355 three-years-old children and their 
families as part of the longitudinal study Boys will be Boys?, 
aiming to evaluate how their gender stereotypes influence the 
socialization and development of children in the first four years 
of life. The authors found that mothers and fathers differ in 
parental attitudes related to gender stereotypes, with mothers 
acting more implicitly and fathers more explicitly. These 
differences could be related to intentional or unintentional 
attitudes that influence how children should act according 
to their gender. 

An important consequence of gender-biased education 
is the work-family conflict. Greenhaus and Beutell (1985) 
evaluated sources of conflict between work and family roles 
and suggested that the major subjects that contribute to work-
family conflict are time-based, strain-based, and behavior-
based. The authors, however, did not mention how this 
differently impacts men and women. They mentioned that 
women in professional positions probably work enough hours 
to negatively impact her husband’s work responsibilities, once 
he will have to participate in more family activities. However, 
it’s important to recognize that married employee couples 
are actually part of two distinct careers. Also, young girls 
are commonly raised to motherhood and homework, which 
contributes to excluding women from knowledge-power 
spaces and affects their mental health (Narvaz et al., 2013). 
Other subjects to the work conflict for women are related to 
time, such as extensive and extra working hours, and raising 
children (Vilela and Lourenço, 2018). The balance between 
women’s professional occupation and their family roles are 
directly related to gender-biased education. It is also related to 
the fact that despite the increasing number of women working 
in traditional male-dominated professions, gender segregation 
persists within the workplaces (Lee et al., 2013), which could 
discourage women from working on STEM careers.

In this context, how parents/educators act in front of 
gender bias is particularly important to shape the identity of 
young children (Finco, 2013). For example, the socialization 
processes between parents and children related to the exposure 

Table 1 – Challenges and solutions regarding gender equality in STEM.

Challenge How to solve it?

The stereotype threat Do not replicate the STEM male stereotype. When in contact with a child, remember that boys and girls might 
be equally interested in a math problem, a scientific experiment, or a computer’s architecture.

The gender-biased education and 
work-family conflict

Fight against stereotypes from early childhood to empower young girls. Stimulate gender-sensitive education 
and gender diversity, promote flexible work arrangements and equal pay for women and men.

The impostor phenomenon To encourage diversity in STEM by hiring females and minorities, asserting their job is important and relevant 
as male’s.

The cultural paradigm Organizations and educational institutions can encourage girls and women through mentorship programs, 
creating a supportive and inclusive environment.

The holes in the leaky pipeline
Recruitment and retention will only work by obliterating any type of discrimination and creating a more 
inclusive environment in the STEM field. Any form of sexual harassment or gender/racial discrimination must 
have a zero tolerance institutional policy.

The lack of the female role model Investment on professionalizing and leadership programs specific for women, also involving other minorities 
(i.e., racial, LGBTQIAP+) to increase relatability with the new students.
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to gender-typical different toys are important to assure the 
optimal development and character formation of the children 
(Boe and Woods, 2018). In this sense, the impact of fairy 
tales stories should also be debated. In general, those stories 
presented women with a submissed attitude, mainly restricted 
to homemaking activities, while men are considered strong 
and superior, and are usually involved in adventures (Alves 
et al., 2020). Also, parents usually believe that science careers 
are more interesting for boys than girls (Tenenbaum and 
Leaper, 2003). With that, young girls are teached to act with 
passive behaviors and are not stimulated to be scientists, 
and this explains, at least in part, why we have more men 
in STEM careers (Diekman et al., 2015). These examples 
highlight the importance of fighting against stereotypes from 
early childhood, so children could grow up understanding the 
importance of gender equality (Table 1). This is especially 
important to empower young girls and encourage them to enter 
and stay in STEM areas (Botton and Strey, 2018).

The impostor phenomenon

In 1978, two women, Clance & Imes, addressed the 
subject of female professionals who achieved impressive 
academic positions and, even then, believed they did not 
deserve such accomplishment (Clance and Imes, 1978). This 
self-doubt belief was named the “impostor phenomenon” (IP) 
by the authors, and has since then, been popularly addressed 
as the “impostor syndrome”. The authors evaluated white 
women, observing behaviors such as diligence and hard 
work, described as common in IP (Clance and Imes, 1978). 
IP is not infrequently combined with burnout because, for 
those who are experiencing IP, working hard avoids being 
discovered as a fraud (Mullangi and Jagsi, 2019). Added to 
that, perfectionism, self-efficacy, and anxiety have also been 
associated with IP (Chakraverty, 2022). 

More recently, studies have focused on understanding 
the environmental contribution to IP development. The current 
scenario includes workplace harassment, racial discrimination, 
a hypercompetitive environment, and the underrepresentation 
of women and racial minorities in high academic positions 
(Chakraverty, 2022). To diminish IP, profound cultural changes 
and nourishment of women’s careers are needed (Table 1). 
However, Mullangi and Jagsi (2019) point out that IP is only a 
symptom (consequence) of a disease (gender inequity), being 
gender inequity the real challenge to be solved. And for that, 
there is an urgent need to address the cultural beliefs, discussing 
educational gender disparity in different environments. Despite 
efforts in academia, gender-biased education might start in 
school and at home.

The cultural paradigm

We previously described how the impostor phenomenon, 
stereotype threat, gender-biased education, and work-family 
conflict are challenges for women. However, it is important to 
highlight that racial and cultural inequities make these factors 
even more difficult for trans women and non-white women. We 
need to recognize that, as suggested by the Cell Editorial Team, 
science has a racism problem – and we need to fight against 
this (Cell Editorial Team, 2020). Through literature, we can 
observe implicit biases in judgment related to the individual’s 

skin color and ethnicity (Calaza et al., 2021). Artes (2018) 
described that access to graduation and postgraduation in Brazil 
is differentiated by gender and race, and the worst indicators 
are related to the black population. Also, it is important to 
maintain a conscious connection with scientific perspectives 
that are non-hegemonic and non-eurocentric to encourage 
dialogue between differences and question discourses that 
reinforce discrimination and stereotypes (Benite et al., 2018). 
In STEM careers, black women work harder to be seen as 
competent when compared to white women, and they have to 
face more complex stereotypes and stigmas (Pietri et al., 2018). 
Nguyen et al. (2021) showed in their study the importance of 
empowering black girls and women by illustrating moments of 
inspiration to overcome obstacles and promote their capacity. 

STEM areas are also harder for trans women. The 
challenges are mostly related to discrimination, lack of 
representation, and access to resources, leading to an 
underrepresentation. Supporting and promoting the visibility of 
trans women in STEM is important to create a more equitable 
scientific community (Restar and Operario, 2019) (Table 1). 
Scientists with different backgrounds could be interested in 
different research questions, therefore embracing diversity is 
related to the innovation caused by their distinct perspectives. 
Hofstra et al. (2020) showed that underrepresented groups 
produce higher rates of scientific novelty. Also, this study 
highlights that inequality and injustice is perpetuated in 
science, and therefore the scientific community needs to create 
and embrace efficient policies that promote gender and racial/
ethnicity equity to contribute to a more equal academic research 
environment and avoid problems such as the leaky pipeline.

The holes in the leaky pipeline

The “leaky pipeline” is a metaphor that tries to explain 
the gender disparities in STEM, pointing out a flaw in the 
recruitment and retention of women in academia. Female 
representation in STEM is not only reduced relative to 
male, but it is also more unlikely and slower for women to 
achieve a leadership position (Diekman et al., 2015). Many 
aspects regarding the social issue of gender inequality have 
already been discussed here. This section will focus on the 
academia work environment and the reasons behind the 
leaky pipeline. The academic environment is described as 
chilly, unwelcoming, and threatening, a perception that is 
more prominent to women than men, because the hostile 
and uncomfortable environment is driven towards women 
(Casad et al., 2021). Although legal protections have helped 
to address hideous behaviors and attitudes, it is undeniable 
women and other minorities face subtle discriminations in 
their workplaces, leading to greater stress and diminished 
performance (O’Brien et  al., 2016). Exclusion, incivility, 
sexual harassment, and discrimination are some situations 
perceived more often by female STEM members (Casad et al., 
2021). A study performed in the University of Michigan with 
STEM professionals and students demonstrated that 30% of 
the women interviewed reported sexual harassment, whilst 
only 4% of the men had suffered from it (Jagsi et al., 2016). 
Sexual harassment and gender discrimination have a negative 
impact on a scientist productivity, whilst a nonsexist work 
environment has been positively associated to increased 
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job satisfaction and academic success (Jagsi et al., 2016). 
In order to fix the leaky pipeline it is not only necessary to 
work on recruitment and retention. Small institutional actions 
can be applied to increase gender equality and diversity in 
STEM. From workspace decoration to informative institutional 
communication, the work environment in STEM can be 
more inclusive, favoring elements that might absorb women 
and other minorities (Casad et al., 2021) (Table 1). The best 
way to address sexual harassment and discrimination is by 
applying a zero-tolerance policy (Carr et al., 2019). In addition, 
mentoring and sponsorship, especially having a successful 
female example, can help improve women retention in the 
STEM field. 

The lack of a female role model

Women in STEM have a tendency to publish less 
papers than men, not only due to the harassment suffered and 
the work-family conflict, but also because they receive less 
supervision than their male colleagues (Van Oosten et al., 
2017). However, women engage in a range of time-consuming 
and crucial tasks in academia, yet these responsibilities 
often go unrecognized and therefore are not reflected by the 
commonly adopted evaluation metrics and criterias. Hence, 
research on STEM gender inequality has focused on the 
importance for girls to have a female role model, in order to 
persist in a STEM career (Cheryan et al., 2017). Although it 
is difficult to measure the impact of a role model in a student’s 
career, the lack of a successful female example is believed 
to increase gender disparity in STEM (Cheryan et al., 2017). 
As an example, Daldrup-Link (2017) points out the lack of 
objectivity in which women are criticized (many times by 
male colleagues) for talking too loud or being intimidating; 
criteria used for this misjudgement are often subjective and 
not based on scientific ideas or contributions of the female 
worker. Many young scientists who receive such treatment 
disengage from their purposes, leaving academia, or even 
developing mental issues; it is not uncommon to see these 
girls become bitter or resentful women, imposing a barrier for 
new students and reinforcing the male-dominant environment 
(Daldrup-Link, 2017).

Female leadership is underrepresented in the STEM 
areas. A study performed in the United States has demonstrated 
that around 50% of the STEM students are female, however 
most of them will never be qualified for a leadership role 
(Daldrup-Link, 2017). And those who reach these positions 
are less likely to be supported by their own institutions than 
their male colleagues (Van Oosten et al., 2017). This lack of 
mentoring results in limited collaborations and isolation from 
the rest of the department, which is considered an implicit 
bias on women career advancement (Casad et al., 2021). On 
this matter, Van Oosten et al. (2017) exemplify a leadership 
lab program, which must include strategies to recognize the 
women’s value in STEM and develop their professional skills. 
In addition, the authors mention the need to understand the 
impact of being a woman in a male-dominated field. Finally, 
the concept of relatability must also be reinforced when talking 
about a female role model. Relatability refers to models with 
whom the students identify themselves, feeling a deeper sense 
of similarity and identification (Lockwood and Kunda, 1997). 

Here, the impact of the female role model was brought into 
perspective (Table 1). However, gender is not the only source 
of relatability in STEM. The lack of these role models might 
help to explain other types of underrepresentation, such as 
racial minorities, with most of female scientists being white 
(Abraído-Lanza et al., 2022). 

The Brazilian bioinformatic challenge
There are several specific challenges in the bioinformatics 

field that can be explained by the gender disparities discussed 
above. Although both computer and biological sciences women 
can migrate to bioinformatics, it is established that the majority 
of the professionals (male or female) in bioinformatics have 
a biological science background (Counsell, 2003; Rocha 
et  al., 2022). The integration of these areas is the root of 
bioinformatics; it must also be present, to avoid mistaken codes 
or algorithms and association data without biological sense. 
However, in this scenario, bioinformatician women have to 
cross other boundaries, including the intimidating terminal 
full of command lines. It is not an easy task because, as it 
has been discussed, gender disparity is more expressive in 
computational sciences than even other STEM areas (Bonham 
and Stefan, 2017). The solution, however, is similar to the 
other STEM fields: gender equality must be addressed from 
childhood, encouraging girls to be computational scientists 
with the same heartiness as boys.

Counsell (2003) also discusses the difficulties to teach 
bioinformatics because of the students lack of previous 
computation basic skills. This scenario is worsened in low and 
middle-income countries, with less courses, workshops, and 
financial support than high-income countries (Moore et al., 
2021). In Brazil, it is necessary to mention that digital inclusion 
is also unequal, even among health professionals (de Moraes 
et al., 2009), and computational infrastructure is not always 
ideal (Rocha et al., 2022). In addition, it is estimated only 5% 
of Brazilians are fluent in English, the language of the majority 
of bioinformatics tools and databases; however, as well as in 
any other educational scenario, gender inequality prevails, 
with more Brazilian men being fluent in English than women 
(British Council, 2014). The lack of digital inclusion and of 
English fluency smite Brazilians from several professions, 
not only women and not only in STEM. However, in spite 
of the lack of studies in the area, the stereotype threat, the 
gender-biased education, and the cultural paradigm, might 
affect more women than their male colleagues in regard to 
computational and English skills.

To better comprehend the insertion of Brazilian female 
scientists into the bioinformatics field, an analysis in the 
Bioinfo Brasil dashboard was conducted. According to the 
dashboard, 254 scientists are listed in Graduate Programs in 
Bioinformatics, comprising 150 male and 54 female scientists, 
an approximate 1:3 (female:male) ratio. There are several 
female relevant names, such as forecited Raquel Minardi; 
however, the latest manuscripts and bioinformatics tools 
developed by the Brazilian bioinformaticians are mainly 
published with a male scientist as first author and a male 
researcher as corresponding/last author (for further information, 
please access: https://lubianat.github.io/bioinfo_brasil/
dashboard. This data demonstrates the Brazilian challenge 

https://lubianat.github.io/bioinfo_brasil/dashboard
https://lubianat.github.io/bioinfo_brasil/dashboard
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in Bioinformatics is similar to what is encountered in other 
countries.

Women in Bioinformatics: the future
To solve the gender inequality in bioinformatics, or 

in the STEM field as a whole, is not an easy task because 
it requires intervention in different environments, such as 
family, school, and even cultural habits (Verdugo-Castro 
et al., 2022). Scientific information on equal gender ability 
and psychological measures to address girls’ self-confidence 
and self-efficacy can help to diminish the myths on male 
STEM ability (Verdugo-Castro et al., 2022) and to empower 
women to denunciate any type of harassment or discrimination. 
Salary equity and institutional programs to favor mentoring 
and female leadership are urgently needed in order to reduce 
gender disparity (Abraído-Lanza et al., 2022). A breaking point 
for women in bioinformatics, dissimilar than the other STEM 
fields, is the opportunity to construct the area with more gender 
equality. Although there are still several social and cultural 
habits that are challenging to perpass, topics such as inclusion 
and diversity are much more debated today than in the time 
of the expansion of computer science or other STEM fields. 
There are more tutoring programs and opportunities even 
for girls and women that live in more vulnerable scenarios. 
And despite literature being scarce, it is reasonable to affirm 
that the future of bioinformatics is optimistic. Nevertheless, 
we must discuss the reality of gender inequality as a society 
to transform the paths of several bioinformatician women.

Acknowledgements
The scholarships of the authors were funded by the 

Fundação de Amparo à Pesquisa do Rio Grande do Sul 
(FAPERGS) and Conselho Nacional de Desenvolvimento 
Científico e Tecnológico (CNPq) grant no. 23/2551-0000115-
2; Hospital de Clínicas de Porto Alegre (HCPA) – Fundo 
de Incentivo à Pesquisa e Eventos (FIPE), grant no. 2022-
0567. T.W.K. is the recipient of a CNPq scholarship (grant 
no. 150181/2023-0). G.C.G. is the recipient of a HCPA 
scholarship (grant no. 23092.012897/2021-71). M.F.M.F is the 
recipient of a CNPq scholarship (grant no. 142051/2020-9). 
M.R-M. is the recipient of a CNPq scholarship grant (grant 
no. 308075/2021-8). F.S.L.V. is the recipient of a CNPq 
scholarship 312960/2021-2.

Conflict of Interest
The authors declare that there is no conflict of interest.

Author Contributions
TWK, GCG, and FSLV designed the manuscript. TWK, 

GCG, MCFP, MKR, and MFMF wrote the manuscript. MRM 
and FSLV critically revised the manuscript. All authors read 
and approved the final version.

References
Abraído-Lanza AF, Echeverria SE, Flórez KR and Mendoza-

Grey S (2022) Latina women in academia: Challenges and 
opportunities. Front Public Health 10:876161.

Alkhnbashi OS, Meier T, Mitrofanov A, Backofen R and Voß B 
(2010) CRISPR13-Cas bioinformatics. Methods 172:3-11.

Alves H, Pastana M and Marques AF (2020) Gênero e educação 
infantil: Entre princesas e príncipes há crianças que brincam 
e sonham. Perspec Dial 7:129-147.

Artes A (2018) Dimensionando as desigualdades por sexo e cor/raça 
na pós-graduação brasileira. Educ Rev 34:e192454.

Bendels MHK, Müller R, Brueggmann D and Groneberg DA (2018) 
Gender disparities in high-quality research revealed by Nature 
Index journals. PLoS One 13:e0189136.

Benite AMC, Bastos MA, Vargas RN, Fernandes FS and Faustino 
GAA (2018) Cultura africana e afro-brasileira e o ensino de 
química: Estudos sobre desigualdades de raça e gênero e a 
produção científica. Educ Rev 34:e193098.

Boe JL and Woods RJ (2018) Parents’ influence on infants’ gender-
typed toy preferences. Sex Roles 79:358-373.

Bonham KS and Stefan MI (2017) Women are underrepresented in 
computational biology: An analysis of the scholarly literature 
in biology, computer science and computational biology. PLoS 
Comput Biol 13:e1005134.

Botton A and Strey MN (2018) Educar para o empoderamento de 
meninas: Apostas na infância para promover a igualdade de 
gênero. Inclusão 11:54-66.

Bowman NA, Logel C, LaCosse J, Jarratt L, Canning EA, Emerson 
KTU and Murphy MC (2022) Gender representation and 
academic achievement among STEM-interested students in 
college STEM courses. J Res Sci Teach 59:1876- 1900.

British Council (2014) Learning English in Brazil: Understanding 
the aims and expectations of the Brazilian emerging middle 
classes. British Council Brasil, São Paulo, 36 p.

Calaza KC, Erthal FCS, Pereira MG, Macario KCD, Daflon VT, 
David IPA, Castro HC, Vargas MD, Martins LB, Stariolo JB 
et al. (2021) Facing racism and sexism in science by fighting 
against social implicit bias: A Latina and Black woman’s 
perspective. Front Psychol 12:671481.

Carr PL, Helitzer D, Freund K, Westring A, McGee R, Campbell 
PB, Wood CV and Villablanca A (2019) A summary report 
from the research partnership on women in science careers. 
J Gen Intern Med 34:356-362.

Casad BJ, Franks JE, Garasky CE, Kittleman MM, Roesler AC, Hall 
DY and Petzel ZW (2021) Gender inequality in academia: 
Problems and solutions for women faculty in STEM. J Neurosci 
Res 99:13-23.

Cell Editorial Team (2020) Science has a racism problem. Cell 
181:1443-1444.

Chaffee KE and Plante I (2022) How parents’ stereotypical feliefs 
relate to students’ motivation and career aspirations in 
mathematics and language arts. Front Psychol 12:796073.

Chakraverty D (2022) Faculty experiences of the impostor 
phenomenon in STEM fields. CBE Life Sci Educ 21:ar84.

Chen J and Coppola G (2018) Bioinformatics and genomic databases. 
Handb Clin Neurol 147:75-92.

Cheryan S, Ziegler SA, Montoya AK and Jiang L (2017) Why are 
some STEM fields more gender balanced than others? Psychol 
Bull 143:1-35.

Clance PR and Imes SA (1978) The imposter phenomenon in high 
achieving women: Dynamics and therapeutic intervention. 
Psychol Psychother Theory Res Pract 15:241-247.

Counsell D (2003) A review of bioinformatics education in the UK. 
Brief Bioinform 4:7-21.

Daldrup-Link HE (2017) The fermi paradox in STEM – Where are 
the women leaders? Mol Imaging Biol 19:807-809.

de Moraes IHS, Veiga L, Vasconcellos MM and dos Santos SRFR 
(2009) Digital inclusion and health counselors: A policy for 
the reduction of social inequalities in Brazil. Cien Saude 
Colet 14:879-888.

Diekman AB, Weisgram ES and Belanger AL (2015) New routes to 
recruiting and retaining women in STEM: Policy implications 



Kowalski et al.8

﻿

of a communal goal congruity perspective. Soc Issues Policy 
Rev 9:52-88. 

Endendijk JJ, Groeneveld MG, van Berkel SR, Hallers-Haalboom 
ET, Mesman J and Bakermans-Kranenburg MJ (2013) Gender 
stereotypes in the family context: Mothers, fathers, and siblings. 
Sex Roles 68:577-590. 

Erthal FS, Bastos AF, Vaccariello C, Madeira ATS, Santos TS, Stariolo 
JB, Oliveira L, Pereira MG, Calaza KC, Hedin-Pereira C et al. 
(2021) Towards diversity in science – A glance at gender 
disparity in the brazilian society of neuroscience and behavior 
(SbNeC). Braz J Med Biol Res 54:e11026.

Finco D (2013) Encontro com as diferenças na educação infantil: 
Meninos e meninas nas fronteiras de gênero. LTP 31:169-184.

Gauthier J, Vincent AT, Charette SJ and Derome N (2019) A brief 
history of bioinformatics. Brief Bioinform 20:1981-1996.

Girelli L (2023) What does gender has to do with math? Complex 
questions require complex answers. J Neurosci Res 101:679-
688.

Greenhaus JH and Beutell NJ (1985) Sources of conflict between 
work and family roles. Acad Manage Rev 10:76-88.

Griffin AC, Leung TI, Tenenbaum JD and Chung AE (2021) Gender 
representation in U.S. biomedical informatics leadership and 
recognition. J Am Med Inform Assoc 28:1270-1274.

Hofstra B, Kulkarni VV, Munoz-Najar Galvez S, He B, Jurafsky D 
and Mcfarland DA (2020) The diversity-innovation paradox 
in science. Proc Natl Acad Sci U S A 117:9284-9291.

Huerta M, Haseltine F, Liu Y, Downing G and Seto B (2000) 
NIH working definition of bioinformatics and computational 
biology. The Biomedical Information Science and Technology 
Initiative Consortium (BISTIC).

Jagsi R, Griffith KA, Jones R, Perumalswami CR, Ubel P and Stewart 
A (2016) Sexual harassment and discrimination experiences 
of academic medical faculty. JAMA 315:2120-2121.

Krukowski RA, Jagsi R and Cardel MI (2021) Academic productivity 
differences by gender and child age in science, technology, 
engineering, mathematics, and medicine faculty during the 
COVID-19 pandemic. J Womens Health (Larchmt) 30:341-347.

Krukowski RA, Montoya Williams DC and Cardel MI (2022) A 
year into the pandemic: An update on women in science, 
technology, engineering, math, and medicine. Ann Am Thorac 
Soc 19:517-524.

Lappalainen T, Scott AJ, Brandt M and Hall IM (2019) Genomic 
analysis in the age of human genome sequencing. Cell 177:70-
84.

Lee SA, Cho JE, Park S and Lee SSY (2013) It’s more than an 
m-shape: The political economy of female non-standard 
workers in the Republic of Korea. Asian Soc Work Policy 
Rev 7:1-17.

Lockwood P and Kunda Z (1997) Superstars and me: Predicting the 
impact of role models on the self. J Pers Soc Psychol 73:91-103.

Master A, Meltzoff AN and Cheryan S (2021) Gender stereotypes 
about interests start early and cause gender disparities in 
computer science and engineering. Proc Natl Acad Sci U S 
A 118:e2100030118.

Mesquita CT, de Lacerda AG, Urel IC de AB, Frantz EDC, Alves 
V de PV, Amorim LE de O, Coutinho B de A, Dalben LR, 
Abrantes JC da S, Veloso VD et al. (2022) Gender disparity 
in first and senior authorship in Brazilian cardiology journals. 
Arq Bras Cardiol 119:960-967.

Moore B, Carvajal-López P, Chauke PA, Cristancho M, Angel VDD, 
Fernandez-Valverde SL, Ghouila A, Gopalasingam P, Guerfali 
FZ, Matimba A et al. (2021) Ten simple rules for organizing 
a bioinformatics training course in low- and middle-income 
countries. PLoS Comput Biol 18:e1010197.

Mullangi S and Jagsi R (2019) Imposter syndrome: Treat the cause, 
not the symptom. JAMA 322:403-404.

Narvaz MG, Sant’Anna SML and Tesseler FA (2013) Gênero e 
educação de jovens e adultos: A histórica exclusão das mulheres 
dos espaços de saber-poder. Diálogo 23:93-104.

Nguyen TH, Gasman M, Washington Lockett A and Peña V (2021) 
Supporting Black women’s pursuits in STEM. J Res Sci 
Teach 58:879-905.

O’Brien KR, McAbee ST, Hebl MR and Rodgers JR (2016) The 
impact of interpersonal discrimination and stress on health 
and performance for early career STEM academicians. Front 
Psychol 7:615.

Organisation for Economic Cooperation and Development (OECD) 
(2019) Education at a Glance 2019: OECD Indicators. OECD 
Publishing, Paris, 497 p.

Pietri ES, Johnson IR and Ozgumus E (2018) One size may not fit 
all: Exploring how the intersection of race and gender and 
stigma consciousness predict effective identity-safe cues for 
Black women. J Exp Soc Psychol 74:291-306.

Restar AJ and Operario D (2019) The missing trans women of science, 
medicine, and global health. Lancet 393:506-508

Rocha M, Massarani L, de Souza SJ and de Vasconcelos ATR (2022) 
The past, present and future of genomics and bioinformatics: A 
survey of Brazilian scientists. Genet Mol Biol 45:e20210354.

Roper RL (2019) Does gender bias still affect women in science? 
Microbiol Mol Biol Rev 83:e00018-19.

Tenenbaum HR and Leaper C (2003) Parent-child conversations 
about science: the socialization of gender inequities? Dev 
Psychol 39:34-47.

The Lancet Digital Health (2020) All things being equal: Diversity 
in STEM. Lancet Digit Health 2:e149.

Tomasetto C, Alparone FR and Cadinu M (2011) Girls’ math 
performance under stereotype threat: The moderating role 
of mothers’ gender stereotypes. Dev Psychol 47:943-949.

Valentova JV, Otta E, Silva ML and McElligott AG (2017) 
Underrepresentation of women in the senior levels of Brazilian 
science. PeerJ 5:e4000.

Van Oosten EB, Buse K and Bilimoria D (2017) The leadership lab 
for women: Advancing and retaining women in STEM through 
professional development. Front Psychol 8:2138.

Verdugo-Castro S, García-Holgado A and Sánchez-Gómez MC 
(2022) The gender gap in higher STEM studies: A systematic 
literature review. Heliyon 8:e10300.

Vilela NGS and Lourenço ML (2018) Conflito trabalho-família: 
Um estudo de casos múltiplos com mulheres trabalhadoras. 
Pensando Fam 22:52-69.

Internet Resources
de Jesus JG, Sacchi C, Claro I, Salles F, Manulli E, da Silva D, de 

Paiva TM, Pinho M, Afonso AMS, Mathias A et al. (2020) 
First cases of coronavirus disease (COVID-19) in Brazil, South 
America (2 genomes, 3rd March 2020), https://virological.
org/t/first-cases-of-coronavirus-disease-covid-19-in-brazil-
south-america-2-genomes-3rd-march-2020/409 (accessed 
20 April 2023).

Associate Editor: Lavínia Schüler-Faccini

License information: This is an open-access article distributed under the terms of the 
Creative Commons Attribution License (type CC-BY), which permits unrestricted use, 
distribution and reproduction in any medium, provided the original article is properly cited.

https://virological.org/t/first-cases-of-coronavirus-disease-covid-19-in-brazil-south-america-2-genomes-3rd-march-2020/409
https://virological.org/t/first-cases-of-coronavirus-disease-covid-19-in-brazil-south-america-2-genomes-3rd-march-2020/409
https://virological.org/t/first-cases-of-coronavirus-disease-covid-19-in-brazil-south-america-2-genomes-3rd-march-2020/409

