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The increasing adoption of high-throughput “omics” technologies has heightened the demand for standardized, scalable, and reproducible bioinformatics workflows. Nextflow and nf-core provide a robust framework for researchers, particularly early- and mid-career researchers (EMCRs), to navigate complex data analysis. At The Kids Research Institute Australia, we implemented a structured approach to bioinformatics capacity building using these tools. This perspective presents nine practical rules derived from lessons learnt, which facilitated the successful adoption of Nextflow and nf-core, addressing implementation challenges, knowledge gaps, resource allocation, and community support. Our experience serves as a guide for institutions aiming to establish sustainable bioinformatics capabilities and empower EMCRs.
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INTRODUCTION
The demand for researchers skilled in bioinformatics has surged due to the increasing adoption of high-throughput “omics” technologies, presenting both opportunities and challenges. Researchers without formal training in programming or workflow engines must now analyze high-dimensional datasets using various tools, while ensuring analyses are reproducible across computational environments. This has highlighted a need for omics data workflows that are standardized, scalable, and reproducible. In this context, we aimed to provide early- and mid-career researchers (EMCRs) with opportunities to gain knowledge and establish a bioinformatics support system (Woelmer et al., 2021) using workflow managers like Nextflow and the nf-core community.
Nextflow is a workflow management system designed to streamline bioinformatics research by composing multiple tools into a single pipeline (Di Tommaso et al., 2017). Its flexibility, portability and scalability ranges from local servers, high-performance clusters, and cloud environments with minimal reconfiguration. Nextflows native task parallelization, makes it ideal for handling high-volume of datasets originating from modern “omics” technologies (Dai and Shen, 2022). In addition, the nf-core community enhances the Nextflow ecosystem by connecting users through hackathons, seminars, training, and collaborative platforms like Slack (Ewels et al., 2020; Langer et al., 2024). For newcomers, this support is invaluable for troubleshooting and professional growth. Additionally, the nf-core community develops and maintains pipelines used across different fields of life sciences. Each pipeline follows strict guidelines to ensure robustness, reproducibility, and ease of use, which are key features for EMCRs entering bioinformatics.
For institutions and researchers in “omics” studies, adopting Nextflow and nf-core is strategic. These tools enable management of high-throughput data, effective collaboration, and reproducible results, ensuring continued scientific advancement. This is important for EMCRs driving innovation. By integrating these tools into training, institutions can better prepare researchers to meet modern bioinformatics challenges (Stephens et al., 2015).
Here, we share our experience at The Kids Research Institute Australia (The Kids), a research institution in Perth (Australia) with a diverse workforce and a strong commitment to building EMCR expertise in computational biology. The Theme Collaboration Group, a multidisciplinary team across The Kids, played a key role in shaping this initiative (Supplemental Data S1). We outline essential, practical rules based on lessons learnt, that supported the successful adoption and implementation of Nextflow (Table 1). These guidelines aim to help other institutions establish sustainable and robust bioinformatics capabilities, enabling researchers to fully leverage Nextflow and nf-core for scientific discovery. Figure 1 summarizes the key rules and the timeline of routine events critical to Nextflow adoption.
TABLE 1 | Summary of the motivation for the rules’ development.	Motivation	Rule
	Implementation	Rule 1 and 2
	Knowledge gap	Rule 3
	Resources	Rule 4
	Support	Rule 5, 6, 7 and 8
	Engagement and evaluation	Rule 9


[image: Flowchart showing a quarterly training program structure. It features Hacky Hours, Seminars, One-to-One sessions, Beginner's and Advanced Bootcamps. Key areas include Awareness, Plan, Skills, IT & BioWiki, and Engagement. Quarterly milestones are marked for communication, feedback, and surveys. Paths connect Awareness to Capacity-Building, incorporating RULEs 1 to 9.]FIGURE 1 | Overview of the nine practical rules derived from lessons learnt in building sustainable bioinformatics capacity using Nextflow and nf-core, with a focus on early- to mid-career researchers (EMCRs). Based on our experience at The Kids, the process begins with four foundational steps: Rule 1 (Develop a Strategic Plan), Rule 2 (Promote Institutional Awareness), Rule 3 (Identify Needs and Skill Gaps), and Rule 4 (Engage with IT and Documentation). Subsequent implementation activities are reflected across the timeline and aligned with: Rule 5 (Regular seminars), Rule 6 (Hacky-Hours), and Rule 7 (Structured and Personalized Training), which mark key milestones achieved each quarter. The initiative is further supported by ongoing efforts to strengthen participation and sustainability through Rule 8 (Facilitate Continuous Learning and Engagement) and Rule 9 (Assess Program Design and Implementation). Communication (Com). Program materials and resources are publicly available via the Nextflow-BioWiki (https://github.com/TelethonKids/Nextflow-BioWiki) (Agudelo-Romero et al., 2023).RULE 1: DEVELOP A STRATEGIC PLAN ALIGNED TO THE INSTITUTIONAL PRIORITIES
A well-designed capacity development program within any institute should (i) reflect the needs of the institution and (ii) adhere to a well-scoped curriculum that benefits the entire organization. Identifying core stakeholders and aligning the program with the institution’s current and future data analysis needs is essential for ensuring its long-term relevance and impact (Aron et al., 2021).
At The Kids, our vision is “Happy Healthy KIDS,” and our objective is to enhance the health, development, and lives of children and adolescents through exemplary research. Our work encompasses a wide array of disciplines, from fundamental to applied science. In light of this diversity, we have concentrated on research streams dependent on omics data processing, providing training for students and EMCRs engaged in these data-intensive fields. We hosted an internal town hall meeting, attended by research teams engaged in bioinformatics, as well as members of the Pawsey Supercomputing Research Centre, an Australian government-supported high-performance computing (HPC) facility. During this meeting, we documented common roadblocks and challenges experienced by bioinformatic users, which laid the foundation for developing a strategic plan and the formation of a special interest group (SIG) with focus on bioinformatics. Building on these insights, we established a three-pillar strategy aimed at improving the efficiency, repeatability, and scalability of our bioinformatics investigations. This strategy focuses on transitioning from ad hoc shell scripts to the integration of Nextflow workflow manager into our computational research (Sztuka et al., 2024) while making the best use of shared resources.
	1. Pillar one of our strategy involved identifying available computational resources, understanding their allocation across the different research groups, and assessing existing knowledge gaps and bioinformatics needs.
	2. Pillar two focused on promoting a community of “power users” by integrating support and mentorship. A mentorship program was established to guide EMCRs through their learning journey, while promoting collaboration, a cornerstone of data-driven research. Researchers were encouraged to share their experiences, common challenges, and best practices, ultimately strengthening knowledge exchange, and sparking innovation with a strong, supportive community.
	3. Pillar three emphasized adherence to established standards and best practices. We promoted the use of bioinformatics standards and provided templates and guidelines for creating reproducible and well-documented Nextflow pipelines, thereby enhancing research quality and credibility.

These three pillars informed the design of engagement activities, including seminars and online tutorials (Rule 5), Hacky-Hours (Rule 6), and one-one-one sessions and bootcamps (Rule 7). Additionally, continuous evaluation and feedback (Rule 8 and 9) were pivotal in refining and adapting these activities to meet the evolving needs of researchers effectively.
RULE 2: PROMOTE INSTITUTIONAL AWARENESS OF REPRODUCIBLE, ROBUST AND OPEN SCIENCE
Promoting institutional awareness of reproducible data analysis and bioinformatics best practices is crucial in “omics” fields like transcriptomics, genomics, proteomics, metabolomics, and microbiomics. As researchers increasingly adopt “multi-omics” approaches to gain deeper insights into biological phenomena (Reel et al., 2021; Vahabi and Michailidis, 2022), the importance of reproducibility, robustness and open science cannot be overstated. These practices ensure reliable and actionable research findings while promoting transparency and allowing for validation, which is vital for scientific progress (Kraus, 2014; Stewart et al., 2022). A successful implementation of the capacity-building strategy (Rule 1) should ensure clear communication of the best bioinformatic practices. Participants must understand the importance of these practices in programming and computational experiments, such as testing simulations, algorithms, and models. Additionally, they should recognize the clear benefits of applying these practices within the context of their own work and research groups. (Carey and Papin, 2018; Heise et al., 2023).
At The Kids, we accomplished this through (i) direct approaches, using seminars and Hacky-Hours, as well as (ii) indirectly through mailing lists and a dedicated Microsoft Teams channel. These institutional platforms allowed us to share relevant resources and promote awareness effectively to embed reproducibility and open science practices.
RULE 3: IDENTIFY THE NEEDS AND SKILL GAPS OF DIFFERENT RESEARCH GROUPS WITHIN THE INSTITUTE
The key to successful capacity building effort lies in understanding existing skills and identifying future needs of research groups (Woelmer et al., 2021). We began by conducting an initial survey aimed at comprehensively evaluating key requirements of the EMCRs (Supplemental Data S2). The survey gathered information on (i) basic computational skills (e.g., Linux command line proficiency or scripting using Python and/or R languages), (ii) familiarity with bioinformatics tools and workflows; (iii) experience with Nextflow and nf-core; (iv) and specific challenges faced in their research programs.
We encouraged participation by emphasizing the importance of the surveys in identifying bioinformatic pipeline needs at The Kids, with weekly follow-ups over 4 weeks. This approach ensured detailed and honest responses. The results provided an accurate overview of the current bioinformatics capabilities and needs, and these insights shaped our implementation strategy, helping us identify priority topics for training and skill development.
Although the surveys were conducted as internal consultation and not designed for formal data analysis, it provided valuable insight that guided the development of the training. Using insights from the survey, we categorized researchers’ skills into three levels (beginner, intermediate, and advanced). This allowed us to design targeted training programs to address the identified gaps by building upon the sensitize, train, hack and collaborate model (Karega et al., 2023).
	1. Beginner users focused on basic skills and attended introductory courses on Linux, bioinformatics fundamentals (Brandies and Hogg, 2021), and monitoring pipelines using the Seqera Platform (https://seqera.io/platform/).
	2. Intermediate users focused on workflow development with Nextflow and nf-core pipeline templates (Roach et al., 2022).
	3. Advanced users specialized in customizing existing nf-core pipelines and integrating new tools for cluster systems, such as those provided within Australia by Australian Pawsey Supercomputing Research Centre (Pawsey Supercomputing Research Centre PerthW. Australia, 2023a; Pawsey Supercomputing Research Centre PerthW. Australia, 2023b; Pawsey Supercomputing Research Centre PerthW. Australia, 2023c) and the Australian BioCommons Leadership Share (ABLeS) program (Gustafsson et al., 2023).

This targeted approach ensured that researchers received the precise support they needed to advance their bioinformatics skills and progress efficiently within their research projects.
RULE 4: ENGAGE WITH THE IT TEAM FOR INFRASTRUCTURE AUTOMATION AND SUSTAINABILITY THROUGH DOCUMENTATION (NEXTFLOW-BIOWIKI)
Building a sustainable bioinformatics environment requires close collaboration with the Information Technology (IT) team. Their expertise in infrastructure management, data storage (short and long-term), and data sharing and protection is invaluable for adhering to responsible big data research practices (Zook et al., 2017). At The Kids, we partnered with the IT team to standardize and streamline frequent computational requests for “omics” data analysis and to establish long-term storage solutions for the Nextflow-Biowiki documentation created during the program (Agudelo-Romero et al., 2023).
To optimize infrastructure, the IT team developed a baseline virtual machine (VM) template. This template standardized configurations for efficient installation of the core dependencies, including Java (LTS version) (Arnold et al., 2005), Nextflow (Di Tommaso et al., 2017), and nf-core (Ewels et al., 2020). Package managers like Bioconda (Dale et al., 2018) and Mamba (mamba-Org, n. d.), and containerization tools such as Docker (da Veiga Leprevost et al., 2017) and Singularity (Kurtzer et al., 2017), were also preconfigured. Shared access to critical resources (e.g., genome reference files) was enabled, and computing resources, such as number of CPU cores, memory and disk space (scratch workspaces), were allocated based on project-specific data and analysis needs. To ensure robustness, we validated the setup by running various nf-core pipelines, addressing any issues and confirming consistent performance. We also ensured sufficient storage for output files generated on the VMs. At our institution, each user is provided with 3,000 GB of scratch spaces, however, actual storage requirements vary depending on several factors, including the number and size of the input and output files, as well as whether intermediate files are retained during pipeline execution.
At the same time, to ensure long-term sustainability, we created comprehensive documentation that could be used for future reference for EMCR and researchers’ community. The Nextflow-BioWiki project (Agudelo-Romero et al., 2023) is hosted on The Kids’ institutional GitHub repository (https://github.com/TelethonKids), where it remains publicly accessible and actively maintained. This resource includes detailed guides on bioinformatics tools, workflows execution, troubleshooting in our infrastructure, online manuals, video tutorials, and Frequently Asked Questions (FAQs); catering to diverse learning styles. The documentation was designed to be user-friendly and accessible to all researchers. Regular updates based on users’ feedback have ensured that resources remain relevant and aligned with technological advancements and community needs.
RULE 5: CONDUCT REGULAR SEMINARS USING RELEVANT NF-CORE PIPELINES
Regular seminars aimed to introduce participants to conducting computational experiments under optimal conditions (“the happy path”), focusing on data analysis and interpretation. For the implementation of monthly seminars, we followed principles outlined by Fadlelmola et al., 2019. Seminars were designed to address real-world data analysis challenges, such as parameter optimization and chaining multiple pipelines for comprehensive analyses.
At The Kids, regular seminars covered the breadth of available resources, as key references, without overwhelming participants. These regular seminars also offered a unique opportunity to increase awareness about the resources available from the Institute and the Nextflow and nf-core communities, such as pipeline-specific “byte size” talks. To facilitate focused learning, we organized dedicated seminars for “omics” pipelines under cohesive themes, including:
	1. Transcriptomics: nf-core/rnaseq (Patel et al., 2024), nf-core/differentialabundance (Wacker et al., 2023), nf-core/smrnaseq (Peltzer et al., 2024b).
	2. Methylation: nf-core/methylseq (Ewels et al., 2024), nf-core/atacseq (Patel et al., 2023).
	3. Microbiome: nf-core/ampliseq (Straub et al., 2024), nf-core/mag (Yates et al., 2024), agudeloromero/everest_nf (Agudelo-Romero et al., 2025).
	4. Single-cell: nf-core/scrnaseq (Peltzer et al., 2024a).

This thematic grouping allowed participants to dive deeper into specific areas, establishing a better understanding of key biological concepts related to the “omics” strategies, while also encouraging collaborations among students and EMCRs working on similar topics.
Ultimately, during our seminars, we encouraged participants to explore and embrace cloud platforms as an integral part of their continued growth. Offering auxiliary opportunities for talent enhancement and performing their data analysis in the cloud. Consequently, certain participants in this program obtained research credits for performing their analysis and deploying Nextflow on cloud infrastructure. Supplementary Table S1 delineates cloud computing companies that extend credits for academic purposes.
RULE 6: ORGANIZE PRACTICAL TRAINING SESSIONS (HACKY-HOURS)
While regular seminars introduce theoretical concepts, Hacky-Hours translate them into practical skills through coordinated sessions tailored to the specific needs of EMCRs (Heise et al., 2023). These sessions provide hands-on opportunities to address challenges such as accessing different infrastructures or optimizing computing sources for diverse projects, empowering EMCRs to build their analytical capacity effectively.
The involvement of the IT team and researchers in designing Hacky-Hours provided valuable insight in the sessions. The IT team contributed by offering guidance on structured use of resources, ensuring efficient resource allocation. Meanwhile, engaging with researchers helped identify opportunities to refine the program’s content. For instance, when a specific nf-core pipeline was routinely used, an interactive Hacky-Hour session was organized on that pipeline. This session included step-by-step instructions and troubleshooting, delivering practical and targeted training (Boudabous and Tekaia, 2020).
At The Kids, bi-weekly Hacky-Hours (30–90 min) were structured around topics identified via participant surveys. Initially, these sessions focused on fundamental skills such as downloading and configuring nf-core pipelines. As Nextflow and nf-core adoption grew, surveys revealed a growing need for advanced topics like troubleshooting and handling complex configurations (Supplementary Data S2). This iterative feedback process allowed us to adapt and prioritize future session, ensuring relevance to the evolving needs of the community. Hacky-Hours were scheduled flexibly and only held when there was clear interest, maximizing participation and avoiding unnecessary strain on communication channels.
RULE 7: STRUCTURED AND PERSONALIZED TRAINING
To accommodate diverse skill levels and learning styles, a successful capacity-building program should combine structured group training with personalized mentoring, such as bootcamps and mentoring session, respectively. Bootcamps are an efficient way to immerse participants in the theoretical and practical aspects, exposing them to the tools and techniques essential for modern bioinformatics. While mentoring sessions are a personalized approach that empower individuals to navigate the complexities of bioinformatics.
At The Kids, we implemented an integrated approach that included immersive week-long bootcamps alongside tailored one-to-one mentorship sessions. Bootcamps effectively introduced participants, especially students and EMCRs, to the theoretical and practical aspects of Nextflow and nf-core. These events balanced conceptual learning with hands-on pipeline development and included dedicated “Bring Your Own Data” (BYO-D) sessions to ensure relevance to individual projects. Including IT team members in these sessions fostered mutual understanding between researchers and technical support, aligning infrastructure solutions with research needs.
To complement group training, we offered one-to-one mentoring tailored to participants with limited bioinformatics experience or specific project challenges. Mentors from the organizing team provided individualized support, helping participants gain confidence in using workflow tools. These sessions also generated valuable feedback, which shaped and expanded the BioWiki documentation (https://github.com/TelethonKids/Nextflow-BioWiki), ensuring it remained practical and user-informed (McGrath et al., 2019). For broader reach, we recommend starting with foundational seminars (Rule 5) and Hacky-Hours (Rule 6) before launching advanced bootcamps focused on troubleshooting and complex configurations (Hagan et al., 2020). This layered approach promotes continuous learning and maximizes long-term impact.
RULE 8: FACILITATE CONTINUOUS LEARNING AND ENGAGEMENT
To ensure the long-term success of the capacity development program and to build a community of “power-users,” it is crucial to establish continual learning and engagement opportunities. Leveraging internal platforms, such as messaging apps or newsletters, is an effective strategy for informing participants about current activities and upcoming events. A monthly newsletter is also an effective medium for sharing updates on Nextflow developments, like module binaries and wave containers, and nf-core community projects, including new pipelines, modules, and configurations.
At The Kids, we established a Microsoft Teams channel as a space for discussion and promoted a local volunteer community. The long-term success of the program depends on users willing to assist each other in areas such as creating new software/pipelines (Brack et al., 2022), customizing existing pipelines, addressing infrastructure questions, and designing bioinformatics experiments within the infrastructure. While Microsoft Teams was effective in our local context, we acknowledge that integrated environments, such as Slack and Jira (https://support.atlassian.com/jira-product-discovery/docs/configure-the-slack-integration/) may offer more scalable solution for larger or international teams. Jira is a widely used project management platform use to track tasks and progress in software and scientific projects. It can be connected to Slack through both Jira Cloud and Jira Server, helping teams streamline communication, version control and issue tracking in one shared space.
Beyond the internal communication, engagement with the global Nextflow and nf-core communities is also encouraged and should be a major goal of the capacity-building program for long-term success. Communities such as online forums offer valuable resources, this is demonstrated in the nf-core Slack group (https://nf-co.re/join) and the organized community events, including online training sessions (https://nf-co.re/events/hackathon). By participating in these community events, researchers gain access to a wealth of knowledge and opportunities for collaboration. We anticipate engagement with open-source communities like nf-core will become the standard for modern bioinformatics. While our capacity-building did not directedly focus on open science or FAIR (findability, accessibility, interoperability, and reusability) data principles, it supports these goals by encouraging the use of transparent, community-driven tools.
While nf-core provides a strong foundation for global engagement, other platforms such as WorkflowHub (https://about.workflowhub.eu) (Gustafsson et al., 2025) and Galaxy (https://usegalaxy.org) (Abueg et al., 2024) offer tools and infrastructure for collaborative workflow development, reproducibility, and execution, which are particularly helpful when compute funding or resources are limited. The Galaxy platform, for example, is supported by globally distributed public servers, including Europe (https://usegalaxy.eu) and Australia (https://usegalaxy.org.au). These international platforms can act as springboards for expanding local initiatives into sustainable, globally connected efforts.
RULE 9: ASSESS THE PROGRAM DESIGN AND IMPLEMENTATION REGULARLY
In our experience, a key factor in running a successful bioinformatics capacity development program is to conduct regular assessments. Feedback from participants provided the organizing team the opportunity to evaluate engagement levels and refine the program as needed. As the program progresses, some participants may struggle to keep on track. To address this, we recommend implementing quarterly checkpoints to ensure program objectives are being met.
These assessments should focus on three fundamental questions:
	1. What is working?
	2. What can be improved?
	3. What should be discontinued in the next phase?

At The Kids, we used the initial survey (Rule-3) as a baseline and conducted regular evaluations to gather participant feedback (Supplementary Data S2). This enabled us to track learning progression, identify challenges, and refine training initiatives. Adjustments to internal communication strategies were also made to ensure the program continued to meet the needs of EMCRs and aligned with the institute’s research goals. Our final survey provided valuable insights into the program’s effectiveness and participant engagement (Supplemental Data S3). It assessed whether we met our objectives and successfully enhanced EMCR skills. Additionally, the final survey gave participants an opportunity to reflect on their learning, reinforcing knowledge retention and paving the way for future capacity-building initiatives.
CONCLUSION
In summary, our experience at The Kids demonstrates that integrating Nextflow and nf-core into bioinformatics training significantly enhances research capacity. These platforms equip EMCRs to navigate complex “omics” data analysis by providing transparent and standardized workflows. Through tailored implementation aligned with our computing environments and research needs, we have improved technical capabilities while fostering a culture of continual learning. Although many EMCRs are still analyzing data or preparing manuscripts, we have already observed a measurable impact, with several researchers incorporating nf-core pipelines or Nextflow workflows into published studies (Agudelo-Romero et al., 2024; 2025; Hancock et al., 2025; Montgomery et al., 2025; Sharma et al., 2025a; 2025b). These outputs reflect increased bioinformatics proficiency and demonstrate how the program has strengthened research capacity across disciplines.
A key factor in this sustained impact is the emphasis on reproducibility and traceability, cornerstones of reliable scientific practice. Crucially, Nextflow and nf-core not only support reproducibility, by recording parameters, software versions and environments, but also now offer native support for data provenance through features like Nextflow’s data lineage module. This feature enables results to be traced back to specific inputs, pipeline version, and configuration settings, providing transparent file-level provenance in a structured format. Separately, nf-core pipeline templates include automatic generation of MultiQC reports, which summarises pipeline-level metrics, software versions, resource usage, and parameters. While the data lineage module and MultiQC report serve different purposes, they complement each other in promoting reproducible and auditable workflows. For teams requiring more advance auditability and persistent provenance, we also highlight platforms such as Trecode (Kerstens et al., 2023) and Terra.bio (https://app.terra.bio). Together, these tools help ensure our research is not only reproducible but also transparently traceable and robust for long-term use and compliance.
Investing in awareness campaigns, strategic planning, community engagement, and varied training opportunities, including seminars, Hacky-Hours, mentorship programs, and bootcamps, yields significant benefits. By fostering continuous learning and engagement, we have upskilled researchers and built sustainable bioinformatics documentation and teaching materials. We identified several opportunities for enhancing the program and are excited to share the following recommendations for those planning similar initiatives (Supplementary Table S2). Our program serves as a practical roadmap for institutions aiming to strengthen bioinformatics capabilities and support innovative research through the use of standardized, community-driven workflows.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.
AUTHOR CONTRIBUTIONS
PA-R: Resources, Project administration, Writing – original draft, Visualization, Funding acquisition, Supervision, Conceptualization, Writing – review and editing. TC: Resources, Visualization, Writing – review and editing. JC-M: Writing – review and editing, Conceptualization, Funding acquisition, Writing – original draft. DM: Writing – review and editing, Funding acquisition. AK: Funding acquisition, Writing – review and editing. SS: Funding acquisition, Writing – review and editing. CH: Resources, Writing – review and editing. AS: Conceptualization, Writing – original draft, Resources, Writing – review and editing.
FUNDING
The author(s) declare that financial support was received for the research and/or publication of this article. This project was supported by the Theme Collaboration Award from The Kids Research Institute Australia (PR030564), and by the Google Cloud Education Program. P.A-R. was supported by the Branchi Family Foundation and by a Future Health Research and Innovation (FHRI) Fellowship from the Department of Health (IF2024-25/1), Government of Western Australia.
ACKNOWLEDGMENTS
We would like to thank the key contributions of The Kids IT team that participated in the development of this project, Steven Figliomeni, Kieran Gee and Chris Hadden.
CONFLICT OF INTEREST
Author CH was employed by company Seqera Labs.
The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fbinf.2025.1610015/full#supplementary-material
REFERENCES
	Abueg, L. A. L., Afgan, E., Allart, O., Awan, A. H., Bacon, W. A., Baker, D., et al. (2024). The galaxy platform for accessible, reproducible, and collaborative data analyses: 2024 update. Nucleic Acids Res. 52, W83–W94. doi:10.1093/NAR/GKAE410

	Agudelo-Romero, P., Conradie, T., Caparros-Martin, J., Stick, S., Christopher, H., and Sharma, A. (2023). Nextflow-BioWiki. Available online at: https://github.com/TelethonKids/Nextflow-BioWiki.

	Agudelo-Romero, P., Iosifidis, T., Kicic-Starcevich, E., Hancock, D., Caparros-Martin, J., Martino, D., et al. (2024). Nasal and amnion methylomes: biomarkers for smoke exposure and maternal asthma. J. Allergy Clin. Immunol. 153, AB243. doi:10.1016/j.jaci.2023.11.779

	Agudelo-Romero, P., Sharma, A., Conradie, T., Kicic, A., Caparros-Martin, J., and Stick, S. (2025). A Nextflow-Based automated pipeline for viral assembly and characterisation (EVEREST). doi:10.5281/zenodo.14963685

	Arnold, K., Gosling, J., and Holmes, D. (2005). The java programming language. Boston, MA:Addison Wesley Professional. 

	Aron, S., Jongeneel, C. V., Chauke, P. A., Chaouch, M., Kumuthini, J., Zass, L., et al. (2021). Ten simple rules for developing bioinformatics capacity at an academic institution. PLoS Comput. Biol. 17, e1009592. doi:10.1371/journal.pcbi.1009592

	Boudabous, A., and Tekaia, F. (2020). Enhancing bioinformatics and genomics courses: building capacity and skills via lab meeting activities. BioEssays 42, 2000134. doi:10.1002/bies.202000134

	Brack, P., Crowther, P., Soiland-Reyes, S., Owen, S., Lowe, D., Williams, A. R., et al. (2022). Ten simple rules for making a software tool workflow-ready. PLoS Comput. Biol. 18, e1009823. doi:10.1371/journal.pcbi.1009823

	Brandies, P. A., and Hogg, C. J. (2021). Ten simple rules for getting started with command-line bioinformatics. PLoS Comput. Biol. 17, e1008645. doi:10.1371/journal.pcbi.1008645

	Carey, M. A., and Papin, J. A. (2018). Ten simple rules for biologists learning to program. PLoS Comput. Biol. 14, e1005871. doi:10.1371/journal.pcbi.1005871

	da Veiga Leprevost, F., Grüning, B. A., Alves Aflitos, S., Röst, H. L., Uszkoreit, J., Barsnes, H., et al. (2017). BioContainers: an open-source and community-driven framework for software standardization. Bioinformatics 33, 2580–2582. doi:10.1093/bioinformatics/btx192

	Dai, X., and Shen, L. (2022). Advances and trends in omics technology development. Front. Med. (Lausanne) 9, 911861. doi:10.3389/fmed.2022.911861

	Dale, R., Grüning, B., Sjödin, A., Rowe, J., Chapman, B. A., Tomkins-Tinch, C. H., et al. (2018). Bioconda: sustainable and comprehensive software distribution for the life sciences. Nat. Methods 15, 475–476. doi:10.1038/S41592-018-0046-7

	DI Tommaso, P., Chatzou, M., Floden, E. W., Barja, P. P., Palumbo, E., and Notredame, C. (2017). Nextflow enables reproducible computational workflows. Nat. Biotechnol. 35, 316–319. doi:10.1038/NBT.3820

	Ewels, P. A., Peltzer, A., Fillinger, S., Patel, H., Alneberg, J., Wilm, A., et al. (2020). The nf-core framework for community-curated bioinformatics pipelines. Nat. Biotechnol. 38, 276–278. doi:10.1038/s41587-020-0439-x

	Ewels, P., Sateesh, P., Hüther, P., Miller, E., Spix, N., Hammarén, R., et al. (2024). nf-core/methylseq: endless tofu. doi:10.5281/zenodo.14502249

	Fadlelmola, F. M., Panji, S., Ahmed, A. E., Ghouila, A., Akurugu, W. A., Domelevo Entfellner, J. B., et al. (2019). Ten simple rules for organizing a webinar series. PLoS Comput. Biol. 15, e1006671. doi:10.1371/JOURNAL.PCBI.1006671

	Gustafsson, O. J. R., Al Bkhetan, Z., Francis, R., and Manos, S. (2023). Enabling national step changes in bioinformatics through ABLeS, the Australian BioCommons leadership share. Melbourne, Australia. doi:10.5281/zenodo.10139651

	Gustafsson, O. J. R., Wilkinson, S. R., Bacall, F., Soiland-Reyes, S., Leo, S., Pireddu, L., et al. (2025). WorkflowHub: a registry for computational workflows. Sci. Data 12, 837–19. doi:10.1038/s41597-025-04786-3

	Hagan, A. K., Lesniak, N. A., Balunas, M. J., Bishop, L., Close, W. L., Doherty, M. D., et al. (2020). Ten simple rules to increase computational skills among biologists with code clubs. PLoS Comput. Biol. 16, e1008119. doi:10.1371/journal.pcbi.1008119

	Hancock, D. G., Agudelo-Romero, S. P., Kicic-Starcevich, E., Lim, J., Karpievitch, Y. V., Zhang, G., et al. (2025). Conservation of gene expression patterns between the amniotic and nasal epithelium at birth. ERJ Open Res. , 00618–02025. doi:10.1183/23120541.00618-2025

	Heise, V., Holman, C., Lo, H., Lyras, E. M., Adkins, M. C., Aquino, M. R. J., et al. (2023). Ten simple rules for implementing open and reproducible research practices after attending a training course. PLoS Comput. Biol. 19, e1010750. doi:10.1371/journal.pcbi.1010750

	Karega, P., Mwaura, D. K., Mwangi, K. W., Wanjiku, M., Landi, M., and Kibet, C. K. (2023). Building awareness and capacity of bioinformatics and open science skills in Kenya: a sensitize, train, hack, and collaborate model. Front. Res. Metr. Anal. 8, 1070390. doi:10.3389/frma.2023.1070390

	Kerstens, H. H. D., Hehir-Kwa, J. Y., van de Geer, E., van Run, C., Badloe, S., Janse, A., et al. (2023). Trecode: a FAIR eco-system for the analysis and archiving of omics data in a combined diagnostic and research setting. BioMedInformatics 3, 1–16. doi:10.3390/biomedinformatics3010001

	Kraus, W. L. (2014). Editorial: do you see what I see? quality, reliability, and reproducibility in biomedical research. Mol. Endocrinol. 28, 277–280. doi:10.1210/me.2014-1036

	Kurtzer, G. M., Sochat, V., and Bauer, M. W. (2017). Singularity: scientific containers for mobility of compute. PLoS One 12, e0177459. doi:10.1371/journal.pone.0177459

	Langer, B. E., Amaral, A., Baudement, M.-O., Bonath, F., Charles, M., Chitneedi, P. K., et al. (2024). Empowering bioinformatics communities with nextflow and nf-core. doi:10.1101/2024.05.10.592912

	McGrath, A., Champ, K., Shang, C. A., van Dam, E., Brooksbank, C., and Morgan, S. L. (2019). From trainees to trainers to instructors: sustainably building a national capacity in bioinformatics training. PLoS Comput. Biol. 15, e1006923. doi:10.1371/journal.pcbi.1006923

	Montgomery, S. T., Carr, P. G., and Caparrós-Martín, J. A. (2025). Optimisation of DNA extraction from nasal lining fluid to assess the nasal microbiome using third-generation sequencing. Am. J. Respir. Cell Mol. Biol. , rcmb.2025-0046MA. doi:10.1165/RCMB.2025-0046MA

	Patel, H., Espinosa-Carrasco, J., Langer, B., Ewels, P., bot, nf-core, Garcia, M. U., et al. (2023). nf-core/atacseq. doi:10.5281/zenodo.8222875

	Patel, H., Ewels, P., Manning, J., Garcia, M. U., Peltzer, A., Hammarén, R., et al. (2024). nf-core/rnaseq: nf-core/rnaseq v3.15. doi:10.5281/zenodo.13691888

	Pawsey Supercomputing Research Centre Perth, W. Australia. (2023a). Acacia object storage. doi:10.48569/nfe9-a426

	Pawsey Supercomputing Research Centre Perth, W. Australia. (2023b). Garrawarla GPU cluster. doi:10.48569/gskb-tp15

	Pawsey Supercomputing Research Centre Perth, W. Australia. (2023c). Nimbus research cloud. doi:10.48569/v0j3-qd51

	Pawsey Supercomputing Research Centre Perth, W. Australia. (2023d). Setonix supercomputer. doi:10.48569/18sb-8s43

	Peltzer, A., de Almeida, F. M., Sturm, G., heylf, , Botvinnik, O., nf-core bot, , et al. (2024a). nf-core/scrnaseq: 3.0.0. doi:10.5281/zenodo.14360028

	Peltzer, A., Trigila, A., Pantano, L., Ewels, P., Wang, C., Espinosa-Carrasco, J., et al. (2024b). nf-core/smrnaseq: V2.4.0 - 2024-10-14 - gray zinc dalmation patch. doi:10.5281/zenodo.13928318

	Reel, P. S., Reel, S., Pearson, E., Trucco, E., and Jefferson, E. (2021). Using machine learning approaches for multi-omics data analysis: a review. Biotechnol. Adv. 49, 107739. doi:10.1016/j.biotechadv.2021.107739

	Roach, M. J., Pierce-Ward, N. T., Suchecki, R., Mallawaarachchi, V., Papudeshi, B., Handley, S. A., et al. (2022). Ten simple rules and a template for creating workflows-as-applications. PLoS Comput. Biol. 18, e1010705. doi:10.1371/journal.pcbi.1010705

	Sharma, A., A Caparros-Martin, J., and Agudelo-Romero, P. (2025a). Metagenome processing in clinical setting for respiratory pathogens v2. doi:10.17504/protocols.io.36wgq6rdolk5/v2

	Sharma, A., Conradie, T., Martino, D., Stick, S., and Agudelo-Romero, P. (2025b). target-methylseq-qc: a lightweight pipeline for collecting metrics from targeted sequence mapping files. J. Open Source Softw. 10, 7608. doi:10.21105/JOSS.07608

	Stephens, Z. D., Lee, S. Y., Faghri, F., Campbell, R. H., Zhai, C., Efron, M. J., et al. (2015). Big data: astronomical or genomical?PLoS Biol. 13, e1002195. doi:10.1371/journal.pbio.1002195

	Stewart, S. L. K., Pennington, C. R., da Silva, G. R., Ballou, N., Butler, J., Dienes, Z., et al. (2022). Reforms to improve reproducibility and quality must be coordinated across the research ecosystem: the view from the UKRN local network leads. BMC Res. Notes 15, 58. doi:10.1186/s13104-022-05949-w

	Straub, D., Tångrot, J., Peltzer, A., Lundin, D., emnilsson, , nf-core bot, , et al. (2024). nf-core/ampliseq: Ampliseq version 2.12.0. doi:10.5281/zenodo.14167648

	Sztuka, M., Kotlarz, K., Mielczarek, M., Hajduk, P., Liu, J., and Szyda, J. (2024). Nextflow vs. plain bash: different approaches to the parallelization of SNP calling from the whole genome sequence data. Nar. Genom Bioinform 6, lqae040. doi:10.1093/nargab/lqae040

	Vahabi, N., and Michailidis, G. (2022). Unsupervised multi-omics data integration methods: a comprehensive review. Front. Genet. 13, 854752. doi:10.3389/fgene.2022.854752

	Wacker, O., Manning, J., Zoufir, A., nf-core bot,, , Tuñí i Domínguez, C., Möller, S., et al. (2023). nf-core/differentialabundance: V1.4.0 - 2023-11-27. doi:10.5281/zenodo.10209675

	Woelmer, W. M., Bradley, L. M., Haber, L. T., Klinges, D. H., Lewis, A. S. L., Mohr, E. J., et al. (2021). Ten simple rules for training yourself in an emerging field. PLoS Comput. Biol. 17, e1009440. doi:10.1371/journal.pcbi.1009440

	Yates, J. A. F., Krakau, S., Straub, D., Gourlé, H., Downie, J., Borry, M., et al. (2024). nf-core/mag: mag 3.3.0 - red reindeer. doi:10.5281/zenodo.14526076

	Zook, M., Barocas, S., boyd, danah, Crawford, K., Keller, E., Gangadharan, S. P., et al. (2017). Ten simple rules for responsible big data research. PLoS Comput. Biol. 13, e1005399. doi:10.1371/journal.pcbi.1005399


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
Copyright © 2025 Agudelo-Romero, Conradie, Caparros-Martin, Martino, Kicic, Stick, Hakkaart, Sharma and the Theme Collaboration Group. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/xhtml/nav.xhtml
Table of Contents

		Cover

		Advancing bioinformatics capacity through Nextflow and nf-core: lessons from an early-to mid-career researchers–focused program at The Kids Research Institute Australia		INTRODUCTION

		RULE 1: DEVELOP A STRATEGIC PLAN ALIGNED TO THE INSTITUTIONAL PRIORITIES

		RULE 2: PROMOTE INSTITUTIONAL AWARENESS OF REPRODUCIBLE, ROBUST AND OPEN SCIENCE

		RULE 3: IDENTIFY THE NEEDS AND SKILL GAPS OF DIFFERENT RESEARCH GROUPS WITHIN THE INSTITUTE

		RULE 4: ENGAGE WITH THE IT TEAM FOR INFRASTRUCTURE AUTOMATION AND SUSTAINABILITY THROUGH DOCUMENTATION (NEXTFLOW-BIOWIKI)

		RULE 5: CONDUCT REGULAR SEMINARS USING RELEVANT NF-CORE PIPELINES

		RULE 6: ORGANIZE PRACTICAL TRAINING SESSIONS (HACKY-HOURS)

		RULE 7: STRUCTURED AND PERSONALIZED TRAINING

		RULE 8: FACILITATE CONTINUOUS LEARNING AND ENGAGEMENT

		RULE 9: ASSESS THE PROGRAM DESIGN AND IMPLEMENTATION REGULARLY

		CONCLUSION

		DATA AVAILABILITY STATEMENT

		AUTHOR CONTRIBUTIONS

		FUNDING

		ACKNOWLEDGMENTS

		CONFLICT OF INTEREST

		GENERATIVE AI STATEMENT

		SUPPLEMENTARY MATERIAL

		REFERENCES









OPS/images/cover.jpg
& frontiers | Frontiers in Bioinformatics

Advancing bioinformatics
capacity through Nextflow and
nf-core: lessons from an
early-to mid-career
researchers—focused program
at The Kids Research Institute
Australia





OPS/images/fbinf-05-1610015-g001.jpg
Hacky Hour Q1 Hacky Hour Q2 Hacky Hour Q Hacky Hour Q4
O O O

Introduction Seminar Seminar Seminar Seminar

: O —0 O
Seminars B : - i P & : ‘ 5 (o 5 & Ao : H
MW  Beginner's Seminar i Seminar i Seminar Seminar i Seminar Advanced

:BootCamp BootCamp

: One-to-One Q1 :One-to-One Q2

oo o0—0—C>

m Com Com & Com Com Com & Com Com Com & 0
Initial Feedback Feedback Feedback Bootcamp Final

Survey Survey Survey

Quarter 1 Quarter 2 Quarter 3 Quarter 4









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Bioinformatics





