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Abstract

:

The main drivers of gender mainstreaming in basic and clinical research appear to be funding agencies and scientific journals. Some funding agencies have already recognized the importance of their actions for the global development of ideas in science, but further targeted efforts are needed. The challenges for women scientists in fungal research appear to be similar to those in other science, technology, engineering, and mathematics disciplines, although the gender gap in mycology publishing appears to be less pronounced; however, women are underrepresented as last (corresponding) authors. Two examples of best practices to bridge the gap have been promoted in the fungal community: “power hour” and a central resource database for women researchers of fungi and oomycetes. A more balanced ratio of women researchers among (plenary) session speakers, (plenary) session chairs, and committee members at the recent fungal genetics conference is an encouraging sign that the gender gap can be closed. The editorial policy of some journals follows the guidance “Sex and Gender Equality in Research,” and other journals should follow, and indicate the gender ratio among authors and reviewers.
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1. Introduction


Fungi have tremendous positive and negative impacts on our daily lives [1,2]. From more than 1.5 million species (or even up to 6 million species), only about 5% have been described despite all the efforts of fungal researchers. Fungi first appeared as early as 1.5 billion years ago and were among the first organisms domesticated by humans [3]. They serve us as industrial biofactories, although the enormous possibilities and opportunities offered by their compounds remain unexplored. Fungal biotechnology may help human society transition from a petroleum-based to a bio-based circular economy. Fungi are capable of sustainably producing food, feed, chemicals, fuels, textiles, and materials for construction, transportation, furniture, and more [1,2]. In addition, fungi also produce toxins that spoil our food and they primarily infect immunocompromised patients, driving up pest control and public health costs [1,2]. However, only about 100 to 200 of all fungal species have developed successful strategies to parasitize human hosts [3,4,5,6]. Understanding the occurrence of pathogenic fungi is particularly important for predicting the potential emergence of new human pathogens that could result from climate change.



Society is slowly becoming aware that sex/gender plays an important role not only in our daily lives, but also in scientific research. It was not so long ago that scientific research was conducted almost exclusively by men and for men, and the technical products developed were tailored to men or users, according to the traditional social roles of men and women [7]. Some funding agencies, which seem to be one of the main drivers of research, have already recognized the importance of considering sex and gender in basic and clinical research [8]. Understanding sex and gender in health research can improve the quality of funding and health outcomes. Funding agencies and scientific journals are two checkpoints for knowledge acquisition and dissemination, including consideration of sex/gender in research. A survey of 45 national funding agencies in Europe, the United States and Australia found that (i) mention of sex/gender in funding and publication policies is not uniform; (ii) there is wide variation in how sex/gender is conceptualized, and how researchers are required to consider sex/gender in research; (iii) funding agencies tend to prioritize gender equality in research groups and funding over sex/gender mainstreaming in research content and knowledge production; (iv) with few exceptions, agency and journal criteria do not recognize the complexity of the sex/gender dimension, including the intersection of sex/gender with other important health determinants [9].



Sex refers to a set of biological attributes in humans and animals that are associated with physical and physiological features, including chromosomes, gene expression, hormone function, and reproductive/sexual anatomy [10]. Sex is usually categorized as female or male, although there is variation in the biological attributes that constitute sex and how those attributes are expressed. Gender refers to the socially constructed roles, behaviors, and identities of female, male, and gender-diverse people [10]. Gender is usually incorrectly conceptualized as a binary (female/male) factor. In reality, there is a spectrum of gender identities and expressions defining how individuals identify themselves and express their gender [11].



Gender equality is one of the fundamental values of the European Union. Since 2012, gender equality in research and innovation has been progressively strengthened as a priority, and the proposed actions focus on three main areas: (i) promoting gender equality in careers, (ii) ensuring gender balance in decision-making processes, and (iii) integrating the gender dimension in research and innovation content and programs [12]. The aim of sex and gender analysis is to promote rigorous, replicable, and responsible science [13]. Incorporating sex and gender variables into experimental design has already enabled advances in a number of disciplines: in major chronic diseases, targeted human therapeutics, climate impacts in the ocean, designing safer products, or reducing gender bias in artificial intelligence [14,15]. A provided roadmap for sex and gender analysis across scientific disciplines calls on researchers, funding agencies, peer-reviewed journals, and universities to coordinate the implementation of robust methods for sex and gender analysis [14].



A numerical assessment of gender gaps can identify areas where equality cannot be achieved without intervention, reveal undesirable biases, and provide criteria for gender balance in conference speakers, editors, and employment committees [16]. Gender parity refers to a ratio of 50:50 between women and men; gender balance means that the proportion of women and men is between 40% and 60% of the total population; underrepresentation and overrepresentation means the proportion of women or men is below 40% or above 60%, respectively [13]. However, less than 2% of publications included a gender dimension in their research content; this percentage has increased by less than 1% since 2010 [13]. Publications in medical and health sciences were the most likely to include a gender dimension, while publications in engineering and technology were the least likely to include such a dimension. At the country level, less than 10% of Horizon 2020 projects from the EU’s research and innovation funding program in the period from 2014 to 2020, contained a gender dimension [13]. Editorials often express the opinions and new decisions of journal editors. The number of published editorials on sex/gender was low until 1990, then increased rapidly, and then steadily from 1994 to 2013. Since 2014, we can observe the interest of editors in this topic, as they publish about 200 editorials on sex/gender every year [17].



Therefore, it is essential for scientific journals to follow the Sex and Gender Equality in Research guidelines [11]. These guidelines emphasize the need to differentiate subjects by sex/gender, analyze results by sex/gender, and identify meaningful differences whenever possible, even if they were not initially expected [17]. The guidelines include a series of questions to help authors prepare and review their papers to determine whether they have adequately addressed sex/gender-specific issues [11,18]. The guidelines encourage editors to recommend that authors improve their sex and gender presentation before peer review. The guidelines also help peer reviewers to check for compliance with the above guidelines during the process [11,17].



Two different forums of researchers not originally involved in sex and gender research have recently discussed the dimensions of sex and gender in scientific research: the Plotina project and the annual event of the Slovenian Commission for Equal Opportunities in Science [7,19]. The aim of the H2020 Plotina project was to create conditions in which research organizations are able to develop, implement, and evaluate their gender-equality plans that contribute to such changes in the working environment that women and men have equal opportunities to realize their potential, goals, and needs in research and science. The final conference of the project, entitled “ReGendering Science—For an inclusive research environment” was held at University Alma Mater Studiorum in Bologna [19]. The traditional conference of the Commission for Equal Opportunities in Science, the advisory body of the Slovenian Ministry of Education, Science and Sport, was held at the Research Center of the Slovenian Academy of Sciences and Arts in Ljubljana on the topic “The Overlooked Dimensions of Gender in Scientific Research” [7]. Researchers presented their experiences of integrating the gender dimension in their research and described the thinking process, possible doubts or surprises to investigate to what extent the gender dimension is already taken into account in research today and where we still overlook it [19].



As a result of these two events, a paper has been published that considers sex/gender/mating type in the study of fungal infections in humans, highlighting some aspects that may be overlooked in the overall picture [20]. Sex and age of participants in antifungal trials are critical to interpret results, but researchers should already in preclinical studies report the sex of model (primary) cells or cell-culture models, and model animals [15,21,22,23]. Awareness of early detection and treatment of fungal infections also depends on gender [24]; the general population needs to be better educated about fungal diseases. The sex of the human host affects the incidence of some fungal infections because the human immune response to fungal infections is also sex-dependent [25,26,27,28,29]; further studies are needed. The mating types of some fungal species appear to be associated with some human infections [3,30,31,32,33]. Sexual and parasexual reproduction of some fungi is an important mechanism for the development of resistance to antifungal drugs [34]. Globalization and climate change will exacerbate the already existing challenges of fungal infections in humans; we need more multidisciplinary approaches to address them [20].



This paper discusses the gender imbalance in research participation, scientific career advancement, and scientific publishing. The author analyzes the gender gap in scientific publishing in mycology and presents best practices to mitigate the challenges faced by female fungal researchers. The first example is the introduction of a so-called “power hour” into the scientific conference program; the second example is a central resource database to identify potential women speakers and representatives on nominating committees at scientific meetings in the field. The results of actions to overcome the inequality gap are analyzed as contributions from speakers, chairs, and committee members at fungal genetics conferences.




2. Materials and Methods


2.1. Visualizing of the Gender Differences in Mycology Publications


The author analyzed published data that were accessible through the web application The Gender Gap in Academic Publishing [35]. These data were collected by downloading all ~27 million records on PubMed (2000–2016), and the gender of authors was determined by matching their first names to the genderize.io database [16,35]. This web application catalogs selected journals into multiple disciplines [35], which were assigned to a research discipline using PubMed’s categorization scheme. In the visualization, data from the last year’s survey (2016) were highlighted in numbers, and the future gender ratio of authors of scientific publications was estimated for the current year (2022). Since the discipline of mycology was not available in this web application, the author selected journals from the category mycology, according to the Journal Citation Reports (JCR) database published by Clarivate Analytics for 2016 (Table S1) [36]. Most of these thirty journals from the mycology category belonged to the discipline of microbiology. These journals were FEMS Yeast Research, Fungal Biology, Medical Mycology, Mycologia, Mycopathologia, Mycoses, Revista Iberoamericana de Micologia, and Yeast. Other journals in the mycology category have been assigned to botany—Mycorrhiza; cell biology—Eukaryotic Cell; or genetics—Fungal Genetics and Biology. For clarity, data accessible through this web application are limited to combinations for which a sufficiently large sample size is available in terms of number of publications (at least on hundred), years (at least five), and authors (at least fifty per year for five or more years). Several journals from in the JCR mycology category, such as Cryptogamie, Mycologie, Fungal Biology Reviews, Fungal Diversity, Fungal Ecology, IMA Fungus, International Journal of Medicinal Mushrooms, Journal de Mycologie Medicale, Lichenologist, Mycobiology, Mycokeys, Mycological Progress, Mycoscience, Mycosphere, Mycotaxon, Mycotoxin Research, Persoonia, Studies in Mycology, Sydowia, and World Mycotoxin Journal, did not meet the listed criteria and were therefore excluded from the comparison. Other mycological journals may not have begun publishing scientific articles until after the year 2016, such as the Journal of Fungi. The journal Mycological Research was discontinued in 2011. As fungal research is often published by multiple journals from other disciplines, multidisciplinary journals Science and Nature were chosen as a comparison. The gender ratio was estimated as the percentage of women authors.




2.2. Analysis of the Comprehensive Table Compiled by Women Researchers in Fungi & Oomycetes


The comprehensive table has been compiled since 2016 by Women Researchers in Fungi & Oomycetes [37] on a voluntarily basis. Data from 300 women researchers from around the world were analyzed through 17 January 2020 (this number was about 10% higher in May 2022). The corresponding career stages of the women researchers were reported as junior researcher, which means assistant professor or similar position (grade C); mid-level position (grade B); and full-time research position, that is, a professor or equivalent (grade A). These data were presented as percentages of all career stages entered. The geographic location of the job was divided into Africa, Asia, Australia and New Zealand, Europe, and North and South America; these data were presented as percentages of all geographic locations entered. To describe the research area, researchers selected two options from several assigned subfields: biochemistry (a), biotechnology (b), cell biology (c), development (d), ecology (e), evolution (f), genetics or genomics (g), immunology (h), medical mycology (i), plant pathology (j), signaling (k), and taxonomy (l); these data were presented as percentages of all entered subfields. The author used the Tagul Word Cloud Art Creator web tool [38] to analyze freely chosen keywords. These keywords were evaluated as single words; common words were omitted, resulting in 400 keywords. For example, the most common term plant occurred in sixteen different combinations: fungal-plant-interactions, fungal-plant-pathogens, fungal-plant-symbiosis, oomycetes-plant-interaction, plant-biomass-degradation, plant-defense, plant-disease, plant-pathologist, plant-fungal-ecology, plant-fungal-interactions, plant-microbe-interactions, plant-microbial-interactions, plant-pathology, plant-resistant-to-fungal-disease, plant-resistant-to-fungal-pathology, and plant-soil-microbe-interaction. From the keywords repeated at list twice, a world cloud was drawn.




2.3. Analysis of the Gender of Speakers, Session Chairs, and Committee Members


To assess progress in narrowing the gender gap, the author selected two conferences organized prior to the year 2016 (prior compilation of the central resource table and introduction of power hours to the meetings): the 28th Fungal Genetics Conference in Asilomar, 17–22 March 2015 (FGC28), and the 13th European Conference on Fungal Genetics in Paris, France, 3–6 April 2016 (ECFG13). The two most recent conferences of the same type held after the year 2019 served for comparison: the 15th European Conference on Fungal Genetics Rome, Italy, 17–20 February 2020 (ECFG15) and the 31st Fungal Genetics Conference in Asilomar, 15–20 March 2022 (FGC31). The format of the FGC31 was hybrid, including online speakers and participants. The number of women (plenary) speakers compared to the total number of (plenary) speakers, the number of women (plenary) chairs compared to total number of (plenary) chairs, and the number of women members on committees compared to the total number of committee members were determined according to their announcement in the abstracts of program books [39,40,41,42]. In five cases, it was not possible for the author to determine the gender of the participants.





3. Results and Discussion


3.1. Is There a Gender Imbalance in Women’s Participation in Research and in Scientific Career Advancing?


To obtain clear background information for this study, the author first evaluated a comprehensive source of combined statistical data on gender ratios in research, produced by the European Commission and updated every three years [13]. At the European level, the proportion of women among doctoral graduates had almost reached gender parity in 2018 (48.1%) [13]. The most popular broad field of study for women doctoral graduates, health and welfare, accounted for 26.1% of all women (and 15.9% of all men), resulting in an overrepresented share of 60.3% of women among doctoral graduates in 2018. In the broad field of natural sciences, mathematics, and statistics, which was the most popular among men doctoral graduates (27.4% and 24.1% of women, respectively), this proportion was 44.9% [13].



Among European researchers, the proportion of women was 32.8% in 2018; in particular, 43.9% in the government sector, 42.3% in the higher education sector, and only 20.9% in the business sector [13]. There were significant differences by grade: While women made up, on average, almost a parity of the academic staff in grades C and D (46.6% and 47.1%, respectively) and 40.3% of the staff in grade B, they occupied only about 26.2% of positions in grade A [13]. Grade B researchers work in positions that are not as senior as the top position, but are higher than newly qualified doctoral graduates (Grade C); grade D are researchers without PhDs. Grade A corresponds to a full professorship in most countries and is the highest grade at which research is normally conducted within the institutional or corporate system. Women were underrepresented among grade A academic staff in all research and development fields, with the lowest proportion in the natural sciences (22%) (along with engineering and technology) [13]. Although there have been some slight improvements, women have had greater difficulty than men in advancing to top academic positions. Women were most underrepresented among grade A staff who were 55 or older, the age group in which the proportion of grade A staff was the highest for both women and men [13]. The proportion of women among the heads of universities or equivalent institutions conducting doctoral studies has improved over time, but several countries still lag behind. At the European and national levels, women have been underrepresented among board members and heads [13]. The funding success rate is calculated as the number of research grantees relative to the number of applicants; the success rate of women is compared to the success rate of men. In 2019, women had a lower success rate than men in accessing funding at the European level in all research and development fields except agricultural sciences, and humanities and arts. Women researchers were least successful in applying for research funding in the natural sciences [13].



The glass ceiling is a phenomenon in which structural barriers impede women’s access to the highest decision-making and leadership positions in organizations. The glass ceiling index represents the relationship between the proportion of women in academia (Grades A, B, and C) and the proportion of women in top academic positions (Grade A) and provides a way to measure the extent of potential disadvantage for women specifically in the research community. It indicates how great the chances are for women to advance in their academic careers. The higher the value, the greater the impact of the glass ceiling and the more difficult it is for women to reach a higher position. At the European level, the glass-ceiling index score was about 1.5 in 2018 [13].



Mycology is a branch of biology that deals with the study of fungi, including their genetic and biochemical properties, their taxonomy and utility to humans, and their hazards, such as toxicity or infection. The exact proportion of women researchers in mycology can be estimated indirectly [13,43,44,45]. Most of the fungal research can probably be classified as natural sciences, mathematics, and statistics if research and development is broadly defined, and as biological and related sciences or the environment if more narrowly defined; however, some of the fungal research also fits into agriculture, forestry, fisheries, and veterinary, as well as health and welfare. As mentioned earlier, the proportion of women among doctoral graduates in 2018 by broad discipline was 44.9% for natural sciences, mathematics, and statistics; however, in the narrower field of natural sciences, the proportion of women among doctoral graduates in biological and related sciences was much higher, at 59.7% in 2018; in the narrower field of environment sciences, it was 56%; in agriculture, forestry, fisheries, and veterinary, it was 56.8%; and in health and welfare, it was 60.3% [13]. Using a database of thirty million profiles, career expert Zippia estimated the demographic and statistical data for microbiologists in the United States for 2019 and matched it with data from the U.S. Bureau of Labor Statistics, the U.S. Census Bureau, and current job openings. There were more than 20,000 microbiologists employed in the United States. An overrepresentative 60.8% of all microbiologists were women and 39.2% were men [28]. The average age of an employed microbiologist was 41 years, and the most common ethnicity of microbiologists was white (73.8%), followed by Asian (14.8%), and Hispanic or Latino (6.0%) [28].



Although it was directly estimated, women do seem to be almost overrepresented in fungal research.




3.2. Is There a Gender Imbalance in Scientific Publications in the Field of Fungal Research?


Although significant progress has been made in increasing women’s participation in research over the past decade, disparities persist, including in the authorship of research publications [46]. Combined statistical data on gender ratios in research suggested that there were more men than women among active authors at all seniority levels [13]. Active authors are defined as those who have authored ten or more papers in the last twenty years and at least one paper in the last five years, or those who have authored four or more papers in the last five years. Women were least represented as active authors in the natural sciences (and engineering and technology) and most represented in the medical and health sciences, and agricultural and veterinary sciences [13]. Seniority is estimated by the time elapsed since an author’s first publication in a journal: early-stage authors, whose first paper was less than five years ago; mid-stage authors, whose first paper was five to ten years ago; and senior authors, whose first paper was more than ten years ago. The gender gap was generally smaller for early-stage authors. As authors became more senior, women published increasingly fewer publications compared to men, and the gap widened to twice as many men authors as women authors [13]. Women were underrepresented in authorship teams, especially in international authorship teams, as shown by the ratio of women to men and the average proportion of women among authors. This is true across all research and development fields and follows trends in overall authorship, with the proportion being lowest in the natural sciences (as well as engineering and technology) [13]. Women were corresponding authors on half as many research publications as men, in addition, women were further underrepresented as corresponding authors in international collaborative publications [13]. The corresponding author, usually listed as last on the paper, is the person who has primary responsibility for communicating with the journal during the publication process and is responsible for several critical aspects of a study at each stage of its dissemination before and after publication. Usually a senior researcher or group leader is not only a major contributor to the paper, but is also in a position to ensure the smooth and successful publication process and to answer questions about the research after publication. However, women’s and men’s publications generally had equal citation impact according to the field-weighted citation impact, an indicator of a publication’s citation impact based on the actual number of citations for an article compared to the expected number of citations for articles of the same type, year of publication, and subject field [13].



In summary, women appeared as corresponding authors on half as many research publications as men. Combined with the finding that women, on average, formed less than half of the author teams and contributed to fewer publications than men, this suggests a complex situation in which women may have fewer opportunities than men to complete their research bibliography.



The gender of 36 million authors from more than a hundred countries who published in more than six thousand journals in most disciplines of science, technology, engineering, and mathematics was studied between 2000 and 2016, and a web application “The Gender Gap in Academic Publishing” was developed to provide easy access to the data and to predict future trends [16,35]. The difference in author positions in publications related to tenure is particularly striking, and prestigious journals have fewer female researchers as authors [16]. In addition, journals are twice as likely to invite men to submit papers [16]. Some rich countries had fewer female authors than poorer countries [16]. Despite recent progress, the gender gap is likely to persist for generations and will not be eliminated without further reforms in education, mentoring, and academic publishing [16].



The author used this web application to investigate the gender gap in mycology. Since the discipline of mycology was not directly accessible through the available web tool, the mycology discipline was analyzed using the journals listed in the JCR database in the mycology category for 2016 [35,36]. Only eleven journals from the mycology category were accessible through this web tool. For the others, the available sample size was not large enough in terms of number of papers, years, and authors. These journals were listed in four different disciplines, most in microbiology and one journal in genetics, cell biology, and botany. The percentage of women authors in microbiology fall within the range of gender balanced at 43.1%, and it is followed by genetics (41.5%), cell biology (40.9%), and was underrepresented in botany (38.5%) in 2016 (Figure 1a, Tables S1 and S2). The proportion of women authors in all listed disciplines was higher than in the multidisciplinary one (37.1%). All estimated trends for the listed disciplines indicate an increasing proportion of women authors in 2022 than recorded for 2016 (Table S2). A similar proportion of women authors as for microbiology was calculated out from mycological journals for mycology (45.1%) (Table S4).



In selected mycological journals, the proportion of women authors was, in Mycologia, 33.5%, followed by gender-balanced journals Yeast, Fungal Genetics and Biology, Eukaryotic Cell, and FEMS Yeast Research between 41.2% and 44.8% (Figure 1b). In some of listed mycological journals, this proportion was close to gender parity of authors: Fungal Biology, Medical Mycology, Mycoses, Mycorrhiza, and Revista Iberoamericana de Micologia between 46.4% and 50%, and gender parity was reached in Mycopathologia (Figure 1b). In contrast, in the two multidisciplinary established peer-reviewed journals Science and Nature, the proportion of women authors was less than one-third of overall authors (30% and 31.7%, respectively). Except for Mycoses and Mycologia, the estimated trend for listed journals in 2022 is positive (Science 30.7% and Nature 34.9%, respectively) (Figure 1b). The higher proportion of women authors within the listed mycological journals than in the comparison prestige journals was not surprising, but still informative about the dimension of the gender gap in fungal research.



However, when the numbers of women authors in microbiology or mycology (overall percentage 43.1% or 45.1%, respectively) were broken down by the author position on the paper, the gender gap becomes apparent even in microbiology or mycology (Figure 1c, Tables S3 and S4). Although female researchers were listed as first authors at (almost) a gender parity of 51.5% or 49.1%, respectively, only one-third of them were corresponding authors (in 2016, 32.2% or 33%, respectively), with 36.4% or 32.7%, respectively, predicted for the year 2022 (Figure 1c, Tables S3 and S4). According to estimates, male researchers were about twice more likely to be listed as last and usually corresponding authors who submit papers to these journals than female researchers were.



On the other hand, not all fungal research is published in mycological journals. For example, research on fungal aegerolysins (37 papers) can be attributed to twelve different disciplines, depending on the journals in which the papers were published [47,48,49,50,51]: most of which were attributed to microbiology, with eight papers (21%) (including three in mycology); but also to biochemistry, seven (19%); biophysics, three (8%); biotechnology, cell biology, and medicine, two (5%); and genetics, immunology, multidisciplinary, toxicology, and zoology, one (3%); and unsigned, eight papers (22%) (Table S5). The proportion of women authors was higher only in immunology than in microbiology, a balanced ratio was also achieved in genetics, toxicology, and cell biology; in medicine, biotechnology, biology, multidisciplinary, biochemistry, biophysics, and zoology (also with a negative trend for 2022), women were underrepresented as overall authors (Table S2).



In general, the gender gap in scientific publications is present in mycology, although it appears to be smaller than in other disciplines listed. However, as authors became more senior, the gap also widened in mycology to twice as many male authors as female authors, which is similar to the ratio in other research disciplines. The small number of mycological journals included is a limitation in estimating the gender gap in mycology. The new generation of young women researchers in mycology appears to be large enough; efforts should be made to break the glass ceiling and to retain senior women researchers in science. Scientific journals could help close the gender gap more quickly by openly reporting the gender ratio among authors (first, last, and overall) and reviewers involved in reviewing submitted manuscripts (just as some of them report the citation index) and including a statement of compliance with guidelines for the Sex and Gender Equality in Research, along with other statements at the end of the paper.




3.3. What Are the Challenges for Women in Fungal Research and Actions to Bridge the Gap That Were Identified in the So-Called “Power Hours”?


There are many reasons for the glass-ceiling effect: the persistence of gender stereotypes and prejudices about women’s abilities and roles in society, leading to direct and indirect discrimination during their careers [13,52]. A non-gender-sensitive work culture also includes a lack of arrangements that are compatible with family responsibilities; incidents of sexual harassment, bullying, and gender-based violence; and gender differences in individual decisions and behaviors are other barriers to career advancement [13]. At earlier stages in their careers, women leave research positions due to systemic biases, lack of advancement opportunities, challenges in work–life integration, imbalanced gender roles in household management, and care of children and the elderly. At a time when women are likely to assume leadership positions in their teams or fields, menopause also occurs [53]. Menopause is a natural life stage that is even more common than pregnancy or motherhood. The decline in reproductive hormones increases the risk for certain health problems; symptoms may include memory and concentration difficulties, which are important for research, teaching, and academic work. Many women working in science, technology, engineering, and mathematics are reluctant to talk about it for fear of being labeled as problematic [53]. Guidance tools already in place should be incorporated into gender equality plans, because for many, the years after menopause are among the most productive and rewarding when they have the opportunity to continue their scientific careers [53]. In addition, there is the gatekeeper phenomenon, where managers (often men) unconsciously promote the careers of people who are similar to them [12,13,54].



The U.S. Gordon Research Conferences, a conference center known for discussing cutting-edge research, is also an example of best practice. In addition to an excellent scientific program, the Gordon Research Conferences introduced the so-called “power hour” for the first time in 2016. This part of the conference provides an opportunity for all attendees to discuss the challenges of women in science (as well as issues of inclusion, diversity, and minorities). In 2017, the conference, entitled “Immunology of Fungal Infections,” included a “power hour” for the fungal community for the first time [55]. In 2018, it was included in the program of the conference, entitled “Molecular and Cellular Biology of Fungi,” and in 2019, another “power hour” was held at the conference titled “Immunology of Fungal Infections” [56]. Some challenges related to gender inequalities in science and actions to bridge the gap identified in these empowerment sessions were briefly summarized [55,56] in Table 1 in seven different groups.



Perhaps some less obvious challenges should be highlighted, such as the differential consideration of comments in scientific discussions and the differential distribution of tasks in research groups according to gender. Given the potential gaps in the biographies of women researchers, employers need to reflect on and learn why these gaps occurred. Nominating high-profile women scientists and researchers for awards is far more important than it might seem at first glance. A publicly accessible resource, such as a personal page in Wikipedia, can only be created for individuals who have received a significant award in a particular field. We need to imprint our female scientific ancestors from the analog era into digital memory. For undergraduate students to fully benefit from their undergraduate research experiences, undergraduate research opportunities should include a balanced representation of female mentors [57].



Most of these challenges have already been recognized by other researchers in science, technology, engineering, and mathematics, but we need to continue to talk and write about gender inequities in science; changes are going in the right direction, but perhaps not fast enough. Among other measures, organized retreats dedicated exclusively to writing scientific papers, in a quiet place away from work and home, could increase the number of required publications. Guidance included in gender-equality plans to keep senior women in science should be introduced.




3.4. What Are the Research Interests Identified in the Central Resource of Women Researchers of Filamentous Fungi and Oomycetes?


The underrepresentation of women among invited speakers is often attributed to a lack of appropriately qualified women. Therefore, in April 2016, the filamentous fungi and oomycetes research community produced a document entitled “Women Researchers in Fungi & Oomycetes” (WRIFFO) to serve as a central resource for identifying potential female speakers [37]. The goal of this resource is to improve the gender balance among speakers at conferences, which can be achieved through balanced speaker-appointment panels. The focus of this key resource is on positions at universities or equivalent institutions to provide critical support to women researchers (grade B and C) who still struggle to obtain independent research positions, particularly through invitations to scientific conference committees, scientific presentations, and other appointments. This comprehensive spreadsheet is quite simple, consisting of seven columns that include the researcher’s name, institution and country code, and geographic region. Researchers describe their research area in two ways: by two subfields selected from the drop-down menu and by keywords that can be freely chosen. There is also the possibility to indicate the research group website and the corresponding career stages [37].



The corresponding career stages of the three hundred women researchers who voluntarily completed the table were 35% as assistant professor or in a similar position (Grade C), 32% as a full-time research position representing a professorship or equivalent (Grade A), and 30% in a mid-level position (Grade B) (Figure 2a, Table S6). Emeritus status was reported by 1% of researchers, and 2% did not provide information on their status. The geographic location of their laboratories was predominantly in North America (49%) and Europe (35%) (Figure 2a, Table S7). Only 16% of researchers were from other parts of the world—Australia and New Zealand 9%, Asia 4%, Africa 2%, and South America 1%.



From the descriptors used by researchers to describe the fungal research subfield, it can be concluded that the greatest interest was in genetics and genomics (25%), followed by evolution (15%), plant pathology (14%), ecology (11%), medical mycology (8%), cell biology (6%), biochemistry (3%), biotechnology (2%), development, immunology and signaling (1%). Only the descriptor taxonomy was not used, which may be because researchers in the fungal taxonomic society are not aware of this central resource database (Figure 2c, Table S8). The fungal research area was not indicated by 13% of the researchers.



Among the freely chosen keywords to indicate the research area, there were a total of four hundred different individual terms, which were evaluated using the online tool Tagul [38]. Up to 57% of the keywords for research area were unique, likely indicating that the women researchers were engaged in the full range of fungal research. Keywords that were used twice or more (172) are shown in Figure 2d (Table S9); the top 10% (forty keywords) were used between eight and sixty times. These freely chosen keywords may indicate that women scientists are more likely to focus on research areas such as fungi interacting with plants because they threaten our food or accelerate plant food production (mycorrhizae) and diagnosing pathogens because they cause disease in humans and animals. The fungal pathogens Candida, Cryptococcus, Aspergillus, and Fusarium are the most studied taxa, with Saccharomyces and Neurospora serving as models.



The major drawbacks of the data in this table are that they were voluntarily completed by researchers, or in some cases even completed for researchers, and that they do not include comparative data. Considering that there may be some areas of fungal research that are more likely to involve women scientists, it is important that editors and reviewers are not gender-biased in recognizing the importance of certain research in submitted manuscripts. Therefore, it is critical for fungal research that journals follow the Sex and Gender Equality in Research guidelines. A similar central source of information could be compiled for many other research areas.




3.5. Is There Progress in Reducing the Gender Gap at Fungal Genetics Conferences?


In the history of the five Gordon Research Conferences titled “Immunology of Fungal Infections” from 2011 to 2019, there has been a steady trend toward gender parity in the distribution of speakers. The proportion of women chairing sessions and organizing meetings nearly reached parity in 2019 [56]. Because most of the women researchers listed in the WRIFFO table (84%) were from North America and Europe (Figure 2a, Table S7), and a quarter of them reported genetics and genomics as their research area, progress in narrowing the gender gap was tracked at U.S. and European conferences on fungal genetics. The biennial conferences the Fungal Genetics Conference and the European Conference on Fungal Genetics, were selected for analysis [39,40,41,42]. Two of these conferences were held in Asilomar and Paris before 2016, when a central WRIFFO resource was established [15]. Two of the most recent conferences of the same type were held in Rome and Asilomar after 2019, when the so-called “power hours” were held as part of the Gordon Research Conferences [55,56].



Based on the announced names from the abstracts or program books, an (almost) balanced proportion of women speakers between 39% and 48% could be identified for all conferences studied (Figure 3, Table S10) [23,24,25,26]. Similar to the last, generally corresponding authorship in publications relative to overall authorship (Figure 1c), an un-derrepresented proportion of women speakers was observed in the more valuable an longer plenary presentations at FGC28, ECFG13, and ECFG15 in 2015, 2016, and 2020 (38%, 25%, and 30%, respectively) (Figure 3, Table S10). The proportion of women chairing sessions at FGC28, ECFG13, and ECFG15 in 2015, 2016, and 2020 ranged from an underrepresented 31% to 39%, with an additional significant decrease in chairing plenary sessions (14% to 25%) (Figure 3, Table S10). At FGC28, ECFG13, and ECFG15, held in 2015, 2016, and 2020, respectively, the underrepresented proportion of women scientists on committees ranged from 28% to 38% (Figure 3, Table S10).



However, the most recent conference, FGC31, held in 2022, showed a completely different picture. Although the overall proportion of women speakers was balanced (42%), it was even higher (48%) for the more important plenary presentations, reaching near parity among speakers (Figure 3, Table S10). The same positive trend was observed in the chairing of plenary sessions, where even more than half of the scientists were women (56%) compared to near parity of overall chair (49%) (Figure 3, Table S10). There was parity in committee membership by gender (Figure 3, Table S10). Unlike the FGC28, ECFG13, and ECFG15 conferences, the format of the most recent FGC31 conference was a hybrid, and included online speakers and participants, which may have affected the gender balance.



The balanced proportion of women researchers in overall speakers, (near) parity in plenary speakers, (near) parity of women researchers in overall chairs, balanced proportion in chairing plenary sessions in favor of women scientists, and parity in committee membership by gender observed at the recent Fungal Genetics Conference is very encouraging and gives hope that the gender gap can be closed. An increased number of fungal conferences rated by gender would further bolster confidence in the positive trends observed.









Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/jof8070675/s1, Table S1: The mycological journals; Table S2: Proportion of women authors publishing by research discipline; Table S3: Proportion of women researchers publishing by author position in microbiology; Table S4: Proportion of women researchers publishing by author position in mycology; Table S5: Research of fungal aegerolysins as published in scientific journals and disciplines; Table S6: Status of women researchers; Table S7: Region of women researchers; Table S8: Descriptors of fungal research area by women researchers; Table S9: Keywords women researchers use at least twice to describe their fungal research area; Table S10: Gender breakdown of plenary and selected speakers, session chairs, and meeting organizers for two alternating meetings FGC and ECFG; References [58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87,88,89,90] are cited in the supplementary materials.





Funding


This research was funded by the Slovenian Research Agency, grant number P1–0391.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Acknowledgments


The author thanks Mojca Dušica Zajc, Marta Klanjšek Gunde for encouragement and Jovana Mihajlović Trbovc for discussion.




Conflicts of Interest


The authors declare that there are no conflict of interest.




References


	



Meyer, V.; Andersen, M.R.; Brakhage, A.A.; Braus, G.H.; Caddick, M.X.; Cairns, T.C.; de Vries, R.P.; Haarmann, T.; Hansen, K.; Hertz-Fowler, C.; et al. Current challenges of research on filamentous fungi in relation to human welfare and a sustainable bio-economy: A white paper. Fungal Biol. Biotechnol. 2016, 3, 6. [Google Scholar] [CrossRef] [PubMed]

	



Meyer, V.; Basenko, E.Y.; Benz, J.P.; Braus, G.H.; Caddick, M.X.; Csukai, M.; de Vries, R.P.; Endy, D.; Frisvad, J.C.; Gunde-Cimerman, N.; et al. Growing a circular economy with fungal biotechnology: A white paper. Fungal Biol. Biotechnol. 2020, 7, 5. [Google Scholar] [CrossRef] [PubMed]

	



Butler, G. Fungal Sex and Pathogenesis. Clin. Microbiol. Rev. 2010, 23, 140–159. [Google Scholar] [CrossRef] [PubMed]

	



Kohler, J.R.; Casadevall, A.; Perfect, J. The Spectrum of Fungi That Infects Humans. Cold Spring Harb. Perspect. Med. 2015, 5, a019273. [Google Scholar] [CrossRef]

	



Westman, J.; Hube, B.; Fairn, G.D. Integrity under stress: Host membrane remodelling and damage by fungal pathogens. Cell. Microbiol. 2019, 21, e13016. [Google Scholar] [CrossRef]

	



Drott, M.T. Sex and self defense. eLife 2021, 10, e73723. [Google Scholar] [CrossRef]

	



The Annual Event of the Commission for Equal Opportunities in Science: The Ovelooked Dimensions of Gender in Scientific Research. Available online: https://www.gov.si/dogodki/2020-03-09-posvet-komisije-za-enake-moznosti-na-podrocju-znanosti/ (accessed on 7 April 2022).

	



Galea, L.A.M.; Choleris, E.; Albert, A.Y.K.; McCarthy, M.M.; Sohrabji, F. The promises and pitfalls of sex difference research. Front. Neuroendocrinol. 2020, 56, 100817. [Google Scholar] [CrossRef]

	



Hankivsky, O.; Springer, K.W.; Hunting, G. Beyond sex and gender difference in funding and reporting of health research. Res. Integr. Peer Rev. 2018, 3, 6. [Google Scholar] [CrossRef]

	



Coen, S.; Banister, E. (Eds.) What a Difference Sex and Gender Make: A Gender, Sex and Health Research Casebook; Canadian Institutes of Health Research: Ottowa, ON, Canada, 2012; ISBN 978-1-100-19250-5. [Google Scholar]

	



Heidari, S.; Babor, T.F.; De Castro, P.; Tort, S.; Curno, M. Sex and Gender Equity in Research: Rationale for the SAGER guidelines and recommended use. Res. Integr. Peer Rev. 2016, 1, 2. [Google Scholar] [CrossRef]

	



European Commission. Justice Positive Action Measures to Ensure Full Equality in Practice between Men and Women, including on Company Boards. European Network of Legal Experts in the Field of Gender Equality. Available online: https://op.europa.eu/en/publication-detail/-/publication/6b4179c6-13e5-406f-b30e-048804d1bea3 (accessed on 3 May 2022).

	



European Commission. Directorate-General for Research and Innovation She Figures 2021. Gender in Research and Innovation: Statistics and Indicators. Available online: https://op.europa.eu/en/web/eu-law-and-publications/publication-detail/-/publication/67d5a207-4da1-11ec-91ac-01aa75ed71a1 (accessed on 2 May 2022).

	



Tannenbaum, C.; Ellis, R.P.; Eyssel, F.; Zou, J.; Schiebinger, L. Sex and gender analysis improves science and engineering. Nature 2019, 575, 137–146. [Google Scholar] [CrossRef]

	



Mauvais-Jarvis, F.; Bairey Merz, N.; Barnes, P.J.; Brinton, R.D.; Carrero, J.-J.; DeMeo, D.L.; De Vries, G.J.; Epperson, C.N.; Govindan, R.; Klein, S.L.; et al. Sex and gender: Modifiers of health, disease, and medicine. Lancet 2020, 396, 565–582. [Google Scholar] [CrossRef]

	



Holman, L.; Stuart-Fox, D.; Hauser, C.E. The gender gap in science: How long until women are equally represented? PLoS Biol. 2018, 16, e2004956. [Google Scholar] [CrossRef] [PubMed]

	



Lee, S.K. Sex as an important biological variable in biomedical research. BMB Rep. 2018, 51, 167–173. [Google Scholar] [CrossRef] [PubMed]

	



Sex and Gender Questions—The European Association of Science Editors. Available online: http://www.ease.org.uk/publications/sex-and-gender (accessed on 30 November 2021).

	



Plotina Project: ReGendering Science—For an Inclusive Research Environment. Incorporating Gender Variables or Gender in Research. Available online: https://www.plotina.eu/plotina-final-conference/ (accessed on 7 April 2022).

	



Kraševec, N. The Multifaceted Role of Mating Type of the Fungus and Sex of the Host in Studies of Fungal Infections in Humans. J. Fungi 2022, 8, 461. [Google Scholar] [CrossRef]

	



Ingersoll, M.A. Sex differences shape the response to infectious diseases. PLoS Pathog. 2017, 13, e1006688. [Google Scholar] [CrossRef]

	



Kim, J.Y.; Min, K.; Paik, H.Y.; Lee, S.K. Sex omission and male bias are still widespread in cell experiments. Am. J. Physiol. Physiol. 2021, 320, C742–C749. [Google Scholar] [CrossRef]

	



Park, M.-N.; Park, J.H.; Paik, H.Y.; Lee, S.K. Insufficient sex description of cells supplied by commercial vendors. Am. J. Physiol. Physiol. 2015, 308, C578–C580. [Google Scholar] [CrossRef]

	



Benedict, K.; Molinari, N.A.M.; Jackson, B.R. Public Awareness of Invasive Fungal Diseases—United States, 2019. MMWR Morb. Mortal. Wkly. Rep. 2020, 69, 1343–1346. [Google Scholar] [CrossRef]

	



Klein, S.L.; Flanagan, K.L. Sex differences in immune responses. Nat. Rev. Immunol. 2016, 16, 626–638. [Google Scholar] [CrossRef]

	



Alvergne, A.; Högqvist Tabor, V. Is Female Health Cyclical? Evolutionary Perspectives on Menstruation. Trends Ecol. Evol. 2018, 33, 399–414. [Google Scholar] [CrossRef]

	



Giefing-Kröll, C.; Berger, P.; Lepperdinger, G.; Grubeck-Loebenstein, B. How sex and age affect immune responses, susceptibility to infections, and response to vaccination. Aging Cell 2015, 14, 309–321. [Google Scholar] [CrossRef] [PubMed]

	



vom Steeg, L.G.; Klein, S.L. SeXX Matters in Infectious Disease Pathogenesis. PLoS Pathog. 2016, 12, e1005374. [Google Scholar] [CrossRef] [PubMed]

	



Gay, L.; Melenotte, C.; Lakbar, I.; Mezouar, S.; Devaux, C.; Raoult, D.; Bendiane, M.-K.; Leone, M.; Mège, J.-L. Sexual Dimorphism and Gender in Infectious Diseases. Front. Immunol. 2021, 12, 698121. [Google Scholar] [CrossRef]

	



Ene, I.V.; Bennett, R.J. The cryptic sexual strategies of human fungal pathogens. Nat. Rev. Microbiol. 2014, 12, 239–251. [Google Scholar] [CrossRef] [PubMed]

	



Heitman, J.; Carter, D.A.; Dyer, P.S.; Soll, D.R. Sexual Reproduction of Human Fungal Pathogens. Cold Spring Harb. Perspect. Med. 2014, 4, a019281. [Google Scholar] [CrossRef] [PubMed]

	



Heitman, J.; Sun, S.; James, T.Y. Evolution of fungal sexual reproduction. Mycologia 2013, 105, 1–27. [Google Scholar] [CrossRef]

	



Losada, L.; Sugui, J.A.; Eckhaus, M.A.; Chang, Y.C.; Mounaud, S.; Figat, A.; Joardar, V.; Pakala, S.B.S.; Pakala, S.B.S.; Venepally, P.; et al. Genetic Analysis Using an Isogenic Mating Pair of Aspergillus fumigatus Identifies Azole Resistance Genes and Lack of MAT Locus’s Role in Virulence. PLoS Pathog. 2015, 11, e1004834. [Google Scholar] [CrossRef]

	



Popp, C.; Ramírez-Zavala, B.; Schwanfelder, S.; Krüger, I.; Morschhäuser, J. Evolution of Fluconazole-Resistant Candida albicans Strains by Drug-Induced Mating Competence and Parasexual Recombination. mBio 2019, 10, e02740-18. [Google Scholar] [CrossRef]

	



Holman, L.; Lloyd, E. Gender Gap in Academic Publishing. Available online: https://lukeholman.github.io/genderGap/ (accessed on 30 November 2021).

	



Clarivate Analytics. Available online: https://clarivate.com/ (accessed on 30 November 2021).

	



Momany, M.; Jason, S. Women Researchers in Fungi & Oomycetes. Available online: http://fungalgenomes.org/blog/wrifo/ (accessed on 17 January 2020).

	



Tagul Word Cloud Art Creator. Available online: https://wordart.com/ (accessed on 13 March 2020).

	



The 28th Fungal Genetics Conference at Asilomar, 17–22 March 2015, Program Book. Available online: https://www2.genetics-gsa.org/fungal/2015/index.shtml (accessed on 20 April 2022).

	



The 13th European Conference on Fungal Genetics Paris, France, 3–6 April 2016, Abstracts Book. Available online: https://hal.inrae.fr/hal-02792296/file/2016-1_1.pdf (accessed on 20 April 2022).

	



The 15th European Conference on Fungal Genetics Rome, Italy, 17–20 February 2020, Conference Abstracts Book. Available online: https://www.ecfg15.org/ (accessed on 22 April 2022).

	



The 31st Fungal Genetics Conference at Asilomar, 15–20 March 2022, Program Book. Available online: https://genetics-gsa.org/fungal-2022/program-and-abstract-books/ (accessed on 20 April 2022).

	



Eurostat Education Statistics. Available online: https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=educ_uoe_grad02&lang=en (accessed on 5 May 2022).

	



OECD. The Frascati Manual. Available online: https://www.oecd.org/sti/frascati-manual-2015-9789264239012-en.htm (accessed on 5 May 2022).

	



UNESCO. Institute of Statistics ISCED Fields of Education and Training 2013. Manual to Accompany the International Standard Classification of Education 2011. Available online: http://uis.unesco.org/sites/default/files/documents/isced-fields-of-education-and-training-2013-en.pdf (accessed on 5 May 2022).

	



Elsevier. The Researcher Journey through a Gender Lens. Available online: https://www.elsevier.com/__data/assets/pdf_file/0011/1083971/Elsevier-gender-report-2020.pdf (accessed on 2 May 2022).

	



Berne, S.; Lah, L.; Sepčić, K. Aegerolysins: Structure, function, and putative biological role. Protein Sci. 2009, 18, 694–706. [Google Scholar] [CrossRef]

	



Nayak, A.P.; Green, B.J.; Beezhold, D.H. Fungal hemolysins. Med. Mycol. 2013, 51, 1–16. [Google Scholar] [CrossRef]

	



Ota, K.; Butala, M.; Viero, G.; Dalla Serra, M.; Sepčić, K.; Maček, P. Fungal MACPF-Like Proteins. In Sub-Cellular Biochemistry; Anderluh, G., Gilbert, R., Eds.; Subcellular Biochemistry; Springer: Dordrecht, The Netherlands, 2014; Volume 80, pp. 271–291. ISBN 978-94-017-8880-9. [Google Scholar]

	



Novak, M.; Kraševec, N.; Skočaj, M.; Maček, P.; Anderluh, G.; Sepčić, K. Fungal aegerolysin-like proteins: Distribution, activities, and applications. Appl. Microbiol. Biotechnol. 2015, 99, 601–610. [Google Scholar] [CrossRef] [PubMed]

	



Butala, M.; Novak, M.; Kraševec, N.; Skočaj, M.; Veranič, P.; Maček, P.; Sepčić, K. Aegerolysins: Lipid-binding proteins with versatile functions. Semin. Cell Dev. Biol. 2017, 72, 142–151. [Google Scholar] [CrossRef] [PubMed]

	



Liff, S.; Ward, K. Distorted Views through the Glass Ceiling: The Construction of Women’s Understandings of Promotion and Senior Management Positions. Gend. Work. Organ. 2001, 8, 19–36. [Google Scholar] [CrossRef]

	



Nordling, L. Why Menopause Matters in the Academic Workplace. Nature 2022, 605, 381–384. [Google Scholar] [CrossRef] [PubMed]

	



Van den Brink, M. Behind the Scenes of Sciences: Gender Practices in the Recruitment and Selection of Professors in the Netherlands; Radboud University: Nijmegen, The Netherlands, 2010. [Google Scholar]

	



Riquelme, M.; Aime, M.C.; Branco, S.; Brand, A.; Brown, A.; Glass, N.L.; Kahmann, R.; Momany, M.; Rokas, A.; Trail, F. The power of discussion: Support for women at the fungal Gordon Research Conference. Fungal Genet. Biol. 2018, 121, 65–67. [Google Scholar] [CrossRef]

	



Ballou, E.R.; Gaffen, S.L.; Gow, N.A.R.; Hise, A.G. Empowering Women: Moving from Awareness to Action at the Immunology of Fungal Infections Gordon Research Conference. Pathogens 2019, 8, 103. [Google Scholar] [CrossRef]

	



Moghe, S.; Baumgart, K.; Shaffer, J.J.; Carlson, K.A. Female mentors positively contribute to undergraduate STEM research experiences. PLoS ONE 2021, 16, e0260646. [Google Scholar] [CrossRef]

	



Pires, A.B.L.; Gramacho, K.P.; Silva, D.C.; Góes-Neto, A.; Silva, M.M.; Muniz-Sobrinho, J.S.; Porto, R.F.; Villela-Dias, C.; Brendel, M.; Cascardo, J.C.M.; et al. Early development of Moniliophthora perniciosa basidiomata and developmentally regulated genes. BMC Microbiol. 2009, 9, 158. [Google Scholar] [CrossRef]

	



Miklavič, Š.; Kogovšek, P.; Hodnik, V.; Korošec, J.; Kladnik, A.; Anderluh, G.; Gutierrez-Aguirre, I.; Maček, P.; Butala, M. The Pseudomonas aeruginosa RhlR-controlled aegerolysin RahU is a low-affinity rhamnolipid-binding protein. FEMS Microbiol. Lett. 2015, 362, fnv069. [Google Scholar] [CrossRef]

	



Rao, J.; DiGiandomenico, A.; Unger, J.; Bao, Y.; Polanowska-Grabowska, R.K.; Goldberg, J.B. A novel oxidized low-density lipoprotein-binding protein from Pseudomonas aeruginosa. Microbiology 2008, 154, 654–665. [Google Scholar] [CrossRef]

	



Novak, M.; Čepin, U.; Hodnik, V.; Narat, M.; Jamnik, M.; Kraševec, N.; Sepčić, K.; Anderluh, G. Functional studies of aegerolysin and MACPF-like proteins in Aspergillus niger. Mol. Microbiol. 2019, 112, 1253–1269. [Google Scholar] [CrossRef] [PubMed]

	



Vidic, I.; Berne, S.; Drobne, D.; Maček, P.; Frangež, R.; Turk, T.; Štrus, J.; Sepčić, K. Temporal and spatial expression of ostreolysin during development of the oyster mushroom (Pleurotus ostreatus). Mycol. Res. 2005, 109, 377–382. [Google Scholar] [CrossRef] [PubMed]

	



Maličev, E.; Chowdhury, H.H.; Maček, P.; Sepčić, K. Effect of ostreolysin, an Asp-hemolysin isoform, on human chondrocytes and osteoblasts, and possible role of Asp-hemolysin in pathogenesis. Med. Mycol. 2007, 45, 123–130. [Google Scholar] [CrossRef] [PubMed]

	



Nayak, A.P.; Blachere, F.M.; Hettick, J.M.; Lukomski, S.; Schmechel, D.; Beezhold, D.H. Characterization of recombinant terrelysin, a hemolysin of Aspergillus terreus. Mycopathologia 2011, 171, 23–34. [Google Scholar] [CrossRef] [PubMed]

	



Berne, S.; Sepčić, K.; Anderluh, G.; Turk, T.; Maček, P.; Poklar Ulrih, N.N.; Sepcić, K.; Anderluh, G.; Turk, T.; Macek, P.; et al. Effect of pH on the pore forming activity and conformational stability of ostreolysin, a lipid raft-binding protein from the edible mushroom Pleurotus ostreatus. Biochemistry 2005, 44, 11137–11147. [Google Scholar] [CrossRef]

	



Hullin-Matsuda, F.; Makino, A.; Murate, M.; Kobayashi, T. Probing phosphoethanolamine-containing lipids in membranes with duramycin/cinnamycin and aegerolysin proteins. Biochimie 2016, 130, 81–90. [Google Scholar] [CrossRef]

	



Ota, K.; Leonardi, A.; Mikelj, M.; Skočaj, M.; Wohlschlager, T.; Künzler, M.; Aebi, M.; Narat, M.; Križaj, I.; Anderluh, G.; et al. Membrane cholesterol and sphingomyelin, and ostreolysin A are obligatory for pore-formation by a MACPF/CDC-like pore-forming protein, pleurotolysin B. Biochimie 2013, 95, 1855–1864. [Google Scholar] [CrossRef]

	



Hullin-Matsuda, F.; Murate, M.; Kobayashi, T. Protein probes to visualize sphingomyelin and ceramide phosphoethanolamine. Chem. Phys. Lipids 2018, 216, 132–141. [Google Scholar] [CrossRef]

	



Sepčić, K.; Berne, S.; Rebolj, K.; Batista, U.; Plemenitaš, A.; Šentjurc, M.; Maček, P. Ostreolysin, a pore-forming protein from the oyster mushroom, interacts specifically with membrane cholesterol-rich lipid domains. FEBS Lett. 2004, 575, 81–85. [Google Scholar] [CrossRef]

	



Skočaj, M.; Yu, Y.; Grundner, M.; Resnik, N.; Bedina Zavec, A.; Leonardi, A.; Križaj, I.; Guella, G.; Maček, P.; Kreft, M.E.; et al. Characterisation of plasmalemmal shedding of vesicles induced by the cholesterol/sphingomyelin binding protein, ostreolysin A-mCherry. Biochim. Biophys. Acta—Biomembr. 2016, 1858, 2882–2893. [Google Scholar] [CrossRef]

	



Novak, M.; Krpan, T.; Panevska, A.; Shewell, L.K.; Day, C.J.; Jennings, M.P.; Guella, G.; Sepčić, K. Binding specificity of ostreolysin A6 towards Sf9 insect cell lipids. Biochim. Biophys. Acta—Biomembr. 2020, 1862, 183307. [Google Scholar] [CrossRef] [PubMed]

	



Berne, S.; Križaj, I.; Pohleven, F.; Turk, T.; Maček, P.; Sepčić, K. Pleurotus and Agrocybe hemolysins, new proteins hypothetically involved in fungal fruiting. Biochim. Biophys. Acta 2002, 1570, 153–159. [Google Scholar] [CrossRef]

	



Ngai, P.H.K.; Ng, T.B. A hemolysin from the mushroom Pleurotus eryngii. Appl. Microbiol. Biotechnol. 2006, 72, 1185–1191. [Google Scholar] [CrossRef] [PubMed]

	



Bhat, H.B.; Ishitsuka, R.; Inaba, T.; Murate, M.; Abe, M.; Makino, A.; Kohyama-Koganeya, A.; Nagao, K.; Kurahashi, A.; Kishimoto, T.; et al. Evaluation of aegerolysins as novel tools to detect and visualize ceramide phosphoethanolamine, a major sphingolipid in invertebrates. FASEB J. 2015, 29, 3920–3934. [Google Scholar] [CrossRef] [PubMed]

	



Wartenberg, D.; Lapp, K.; Jacobsen, I.D.; Dahse, H.-M.; Kniemeyer, O.; Heinekamp, T.; Brakhage, A.A. Secretome analysis of Aspergillus fumigatus reveals Asp-hemolysin as a major secreted protein. Int. J. Med. Microbiol. 2011, 301, 602–611. [Google Scholar] [CrossRef] [PubMed]

	



Yap, H.-Y.Y.; Fung, S.-Y.; Ng, S.-T.; Tan, C.-S.; Tan, N.-H. Genome-based Proteomic Analysis of Lignosus rhinocerotis (Cooke) Ryvarden Sclerotium. Int. J. Med. Sci. 2015, 12, 23–31. [Google Scholar] [CrossRef]

	



Dubey, M.; Jensen, D.F.; Karlsson, M. Functional characterization of the AGL1 aegerolysin in the mycoparasitic fungus Trichoderma atroviride reveals a role in conidiation and antagonism. Mol. Genet. Genom. 2021, 296, 131–140. [Google Scholar] [CrossRef]

	



Zhang, S.; Clark, K.D.; Strand, M.R. The protein P23 identifies capsule-forming plasmatocytes in the moth Pseudoplusia includens. Dev. Comp. Immunol. 2011, 35, 501–510. [Google Scholar] [CrossRef]

	



Kelker, M.S.; Berry, C.; Evans, S.L.; Pai, R.; McCaskill, D.G.; Wang, N.X.; Russell, J.C.; Baker, M.D.; Yang, C.; Pflugrath, J.W.; et al. Structural and Biophysical Characterization of Bacillus thuringiensis Insecticidal Proteins Cry34Ab1 and Cry35Ab1. PLoS ONE 2014, 9, e112555. [Google Scholar] [CrossRef]

	



Juntes, P.; Rebolj, K.; Sepčić, K.; Maček, P.; Cecilija Žužek, M.; Cestnik, V.; Frangež, R. Ostreolysin induces sustained contraction of porcine coronary arteries and endothelial dysfunction in middle- and large-sized vessels. Toxicon 2009, 54, 784–792. [Google Scholar] [CrossRef]

	



Panevska, A.; Skočaj, M.; Modic, Š.; Razinger, J.; Sepčić, K. Aegerolysins from the fungal genus Pleurotus—Bioinsecticidal proteins with multiple potential applications. J. Invertebr. Pathol. 2021, 186, 107474. [Google Scholar] [CrossRef] [PubMed]

	



Rebolj, K.; Sepcic, K. Ostreolysin, a Cytolytic Protein from Culinary-Medicinal Oyster Mushroom Pleurotus ostreatus (Jacq.: Fr.) P. Kumm. (Agaricomycetideae), and Its Potential Use in Medicine and Biotechnology. Int. J. Med. Mushrooms 2008, 10, 293–302. [Google Scholar] [CrossRef]

	



Kraševec, N.; Novak, M.; Barat, S.; Skočaj, M.; Sepčić, K.; Anderluh, G. Unconventional Secretion of Nigerolysins A from Aspergillus Species. Microorganisms 2020, 8, 1973. [Google Scholar] [CrossRef]

	



Roberts, R.G.; Bischoff, J.F.; Reymond, S.T. Differential gene expression in Alternaria gaisen exposed to dark and light. Mycol. Prog. 2011, 11, 373–382. [Google Scholar] [CrossRef]

	



Kočar, E.; Lenarčič, T.; Hodnik, V.; Panevska, A.; Huang, Y.; Bajc, G.; Kostanjšek, R.; Naren, A.P.; Maček, P.; Anderluh, G.; et al. Crystal structure of RahU, an aegerolysin protein from the human pathogen Pseudomonas aeruginosa, and its interaction with membrane ceramide phosphorylethanolamine. Sci. Rep. 2021, 11, 6572. [Google Scholar] [CrossRef] [PubMed]

	



Panevska, A.; Hodnik, V.; Skočaj, M.; Novak, M.; Modic, Š.; Pavlic, I.; Podržaj, S.; Zarić, M.; Resnik, N.; Maček, P.; et al. Pore-forming protein complexes from Pleurotus mushrooms kill western corn rootworm and Colorado potato beetle through targeting membrane ceramide phosphoethanolamine. Sci. Rep. 2019, 9, 5073. [Google Scholar] [CrossRef]

	



Milijaš Jotić, M.; Panevska, A.; Iacovache, I.; Kostanjšek, R.; Mravinec, M.; Skočaj, M.; Zuber, B.; Pavšič, A.; Razinger, J.; Modic, Š.; et al. Dissecting Out the Molecular Mechanism of Insecticidal Activity of Ostreolysin A6/Pleurotolysin B Complexes on Western Corn Rootworm. Toxins 2021, 13, 455. [Google Scholar] [CrossRef]

	



Kraševec, N.; Panevska, A.; Lemež, Š.; Razinger, J.; Sepčić, K.; Anderluh, G.; Podobnik, M. Lipid-Binding Aegerolysin from Biocontrol Fungus Beauveria bassiana. Toxins 2021, 13, 820. [Google Scholar] [CrossRef]

	



Panevska, A.; Glavan, G.; Jemec Kokalj, A.; Kukuljan, V.; Trobec, T.; Žužek, M.C.; Vrecl, M.; Drobne, D.; Frangež, R.; Sepčić, K. Effects of Bioinsecticidal Aegerolysin-Based Cytolytic Complexes on Non-Target Organisms. Toxins 2021, 13, 457. [Google Scholar] [CrossRef]

	



Scopus Search. Available online: https://www.scopus.com/search/form.uri?display=basic (accessed on 9 May 2022).








[image: Jof 08 00675 g001 550] 





Figure 1. The gender gap in scientific publications. (a) Research disciplines covered by the mycological journals [36] (Tables S1 and S2); (b) selected journals covering mycology (Table S1); (c) Position in the author list in microbiology (Table S3). This visualization by the web app provides a view of the past, present, and estimated future (the abscissa, years) gender ratio of authors of scientific publications (the ordinate, percentages) [35]. The gender ratio was estimated by fitting a curve to the data [16]. Gender ratio of authors for 2016 (percentage of women researchers) is shown on the right; the black dashed circle shows the estimate for 2022, the size in corresponds to the number of papers. The overall position in the author list includes all authors. 
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Figure 2. Women researchers voluntarily described in the central resource table of Women Researchers in Fungi & Oomycetes [37]. (a) Status, (b) region, (c) descriptors of fungal research area, and (d) word cloud of keywords used to describe research. Analysis of the 172 keywords inscribed at least twice or more (Table S9) using the online tool [38]. 






Figure 2. Women researchers voluntarily described in the central resource table of Women Researchers in Fungi & Oomycetes [37]. (a) Status, (b) region, (c) descriptors of fungal research area, and (d) word cloud of keywords used to describe research. Analysis of the 172 keywords inscribed at least twice or more (Table S9) using the online tool [38].



[image: Jof 08 00675 g002]







[image: Jof 08 00675 g003 550] 





Figure 3. Breakdown of total speakers over time. Gender breakdown of all plenary and selected speakers for two alternating FGC and ECFG meetings is shown as percentage of women (Table S10). The conferences were chosen to take place before and after establishment of a central resource “Women researchers in fungi & oomycetes” in 2016 [37] and so called “power hours” were introduced at Gordon research conferences in 2017, 2018 and 2019 [55,56]. The breakdown of session chairs selected by the organizers at each meeting and gender breakdown of meeting organizers for each meeting is also shown as percentage of women. FGC28, The 28th Fungal Genetics Conference at Asilomar, 17–22 March 2015 [39]; ECFG13, The 13th European Conference on Fungal Genetics Paris, France, 3–6 April 2016 [40]; ECFG15; The 15th European Conference on Fungal Genetics Rome, Italy, 17–20 February 2020 [41]; and FGC31, The 31st Fungal Genetics Conference at Asilomar, 15–20 March 2022 [42]. 
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Table 1. The challenges of gender inequalities in science and actions to bridge the gap.
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	Challenges of Gender Inequalities in Science
	Actions to Bridge the Gap





	
	(1)

	
Awareness






	
	
✓ Write about gender gap in science;



	
✓ Promote fair peer-review;



	
✓ Nominate for awards.








	
	(2)

	
Unconscious sexual bias






	
	
✓ Recommendations;



	
✓ Considerations of comments;



	
✓ Assignment of tasks;



	
✓ Representation on committees.








	
	(3)

	
Mentoring






	
	
✓ Appoint women mentors for early career scientists, especially for women.








	
	(4)

	
Building and maintaining networks






	
	
✓ Retreats dedicated to writing scientific publications;








	
	(5)

	
Work–life balance






	
	
✓ Working-hours flexibility;



	
✓ Dare to say NO;



	
✓ Consider gaps in CVs.








	
	(6)

	
Pay bias






	
	
✓ Know your worth;



	
✓ Self-promote;



	
✓ Negotiate for salary in advance;



	
✓ Apply gender-blind hiring practices;



	
✓ Raise awareness about employment of minority applicants.








	
	(7)

	
Sexual harassment






	
	
✓ Know institutional procedures;



	
✓ Affirmation of code of conduct and role without harassment;



	
✓ Encourage to speak up when they feel it is necessary.












Summarized after [55,56].



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
Emeritus 1% Not declared 2%

Intermediate 30% Junior 35%

Senior 32%

(a)

Africa 2% South America 1%
Asia 4%

Australia/ NZ 9%

Europe 35% North America 49%

(b)

Not declared 13%
Immunology 1%
Development 1%
Signaling 1%
Biotechnology 2%
Biochemistry 3%

enetics/Genomics 25%

Medical mycology 8 Evolution 15%

Ecology 11% Plant pathology 14%

(¢)

CR""l Proteomi \I\L()”hl/dl Antifufigal
e Fie l( umgrn
\Ilcmbml |) cay

>~ Mycotoxin

. Diseasec
=Forest:-
Micidbe

Taxonomy

Epidemiology Resistance

.J,,l,xl,,gpulanon

mmunsy Mycology

Pathology -

Diz l;,nmm s" yma
| n/\ me ccharomyces
Planl 1

gYWIId
Diversity
Sy mbmsls ()()n]\ cete™ Pathogenesis

o \lctabohsm o

~Interaction’™

Secondary

Ste .“Aspergl“lls Mating

v.-;u

Soil s Fusanum
Host ‘i"%"&’F un alﬁi

. Chan
Chytrid =

. l\inluulu . \1\((»1:!11/1
Tropical Bl gy Endophyte

\Va l Im hoderma Bt
bt mf Deve .u;mu nt @Comparative
o~ thS
Bloduusm Soil
ﬁ | l LN

_ Stresg 3\ stem(mu

Ycasl Beckogy Cycle
Ot Drug

d( l()rpatho éln\m. Slgnal

"\ln.,n portl

o RUSt llnndtet . "MICI'O

Icubohl

G\eu rospord Ph\'logen s
Indm)re n O m e

Mheadechan

(d)





nav.xhtml


  jof-08-00675


  
    		
      jof-08-00675
    


  




  





media/file0.png





media/file2.png
75% Women

50:50

75% Men
75% Women

50:50

75% Men

75% Women

50:50

75% Men

2000

O Microbiology

O Multidisciplinary
O Cell Biology

O Genetics

O Botany

2045

. ORev Iberoam Micol

O Mycopathologia
O Med Mycol

O Fungal Biol

O Mycorrhiza

O Yeast

OFEMS Yeast Res
O Eukaryotic Cell

-
....---.----

(b)

O Fungal Genet Biol
O Nature

O Mycoses

O Science

O Mycologia

O First

O Single
O OQverall
O Last

2016:
43.1 %
37.1%
40.9 %
41.5%
38.5%

2016:
49.7 %
50 %
47.2 %
46.4 %
48.3 %
41.2 %
44.8 %
43 %
43 %
314 %
48.1 %
30 %
33.8%

2016:
51.5%
38.5%
43.1%
32.2%





media/file5.jpg
60
50
a0
30
20
10

47 a8 4849
3839 38
25

%5 a2
33 3 32
25, 25 o B
Y 1
Z 7 %
FGC282015  ECFG132016  ECFGI52020  FGC312022

% of women speakers % of women plenary speakers

SO
N

ASTTINESS

Y

IS

9% of chairs (women) 9% of plenary chairs (women)

W% of organizers (women)





media/file6.png
60
50
40
30
20
10

47 48 48 49 450
42 7
38 39 WV
3032 g A7
Z | A7
7 ‘ A7
7 A7
/i 11 ]14 A Vi
7 AN 7
7 AN Vi
¢ Ml WA
7 A L
FGC28 2015 ECFG13 2016 ECFG15 2020 FGC31 2022
M % of women speakers ¥ % of women plenary speakers
M % of chairs (women) ¥ % of plenary chairs (women)

M % of organizers (women)





media/file3.jpg
1% ot dechared 2%

®)

ecolopy 150 Pan oty 145

@





media/file1.jpg





