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Abstract

Galaxy (https://galaxyproject.org), now in its third decade, is a globally accessible, community-driven platform for reproducible and collaborative
data analysis. With over 650 000 registered users, major public servers handle ~2 000000 monthly analysis jobs from ~20 000 users. Recent,
massive modernization has overhauled the user interface and workflow infrastructure to improve usability and scalability. Key updates include a
redesigned history interface, enhanced tool discovery, a centralized dataset view, and a new visualization framework. Workflow editing is now
substantially enhanced with search, undo/redo, and new invocation graph views. Data management is more flexible with intelligent sample sheet
handling, expanded collection support, redesigned file source interfaces, and the introduction of “scratch” storage. User-defined repositories
like Google Drive, Dropbox, and Zenodo are now enabled by default. Coupled with the growth of the Galaxy Training Network, these advances

solidify Galaxy as a robust, widely adopted Al-ready ecosystem for open science.
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Introduction

Data-intensive research continues to expand in both scale and
complexity across biomedical, environmental, and computa-
tional sciences. The increasing reliance on high-throughput
technologies, large reference datasets, heterogeneous analysis
tools, and scalable computing infrastructure presents ongoing
challenges for accessibility, reproducibility, and transparency.
Since its introduction in 2005 through today [1, 2], Galaxy has
addressed these challenges by providing an open, web-based
platform that allows researchers to perform complex compu-
tational analyses.

The Galaxy ecosystem comprises an extensible soft-
ware framework, a global federation of public and insti-
tutional servers, a shared tool and tool container distri-
bution infrastructure, integrated reference datasets, and an
active international community of developers and educa-
tors. Major public Galaxy servers, including https://usegalaxy.
org, https://usegalaxy.eu, https://usegalaxy.org.au, and nation-
level UseGalaxy instances, collectively support >650 000 reg-
istered users with a monthly average of nearly 20000 ac-
tive users running 2 000 000 jobs. These servers are connected
to national computing infrastructures, enabling multicore,
high-memory, and GPU-intensive analyses accessible to users
through a web browser without local installation or licensing
barriers. All Galaxy instances have access to nearly 11 000 in-

usegalaxy.*

Resourced with:

Y& ~ Tk tools

2% Unlimited workflows

v > 500 tutorials

tegrated tools spanning genomics, proteomics, metabolomics,
imaging, cheminformatics, ecology, earth sciences, humanities,
and related domains.

The 2024 update [3] emphasized user experience design im-
provements, workflow support for global research consortia,
environmental impact reporting, and enhanced storage visi-
bility. The 2026 update builds upon these foundations with a
comprehensive modernization of the user interface, substan-
tial improvements to workflow authoring and inspection, ex-
panded data management flexibility, including scratch stor-
age and default user-defined repositories, and a transition to
a modern visualization architecture.

New user experience

Over the past two years, Galaxy has undergone a broad
user interface refresh designed to improve clarity, scalability,
and consistency across core components. These changes re-
flect accumulated community feedback and the growing com-
plexity of analyses conducted within Galaxy. Underpinning
these improvements is a completed transition to a single-
page application architecture with client-side routing, elim-
inating full-page reloads during navigation and enabling a
more responsive, application-like experience throughout the
platform.
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Activity Bar and navigation redesign

Galaxy’s interface layout has been reorganized around a new
Activity Bar (Fig. 1a), replacing the previous masthead-centric
navigation. The Activity Bar provides persistent access to his-
tories, workflows, visualizations, interactive tools, and notifi-
cations, while the masthead has been consolidated to reduce
redundancy. A dedicated Interactive Tool panel allows users to
monitor active sessions and manage interactive environments
directly from the Activity Bar.

Enhanced tool discovery

Tool discovery has evolved from primarily keyword-based
search to a more structured browsing experience. The re-
designed discovery interface supports improved filtering by
name, identifier, help text, and section, alongside clearer pre-
sentation of tool metadata (Fig. 1b). A new EDAM ontology
[4] view allows users to browse tools grouped by annotated
topic and operation types, and a card-based layout supports
quick scanning of tool descriptions and documentation. Ex-
ample input and output data are now available within each
tool form, supporting self-guided tool configuration and re-
ducing errors from misconfigured inputs or outputs. These
improvements streamline navigation across the thousands of
tools available on major Galaxy services.

Unified dataset view

Dataset interactions have been consolidated into a unified
dataset view. Actions previously distributed across multiple
views, such as metadata inspection, datatype management, vi-
sualization selection, permission configuration, and annota-
tion, are now accessible through a structured tabbed inter-
face instead of several distinct pages (Fig. 2). This unifica-
tion reduces information fragmentation and establishes con-
sistent interaction patterns across datasets, collections, and de-
rived artifacts. The unified view improves the discoverability
of dataset properties and enables tighter integration with the
visualization framework, making visualization options easier
to find. Administrators can configure default visualizations
per datatype, ensuring that binary or specialized formats open
directly in appropriate viewers rather than generic previews.

Redesigned history list

The history list has been redesigned with a structured, card-
based layout that improves readability and scalability when
managing large numbers of datasets and analyses. Each his-
tory displays key metadata including creation date, update sta-
tus, dataset count, and storage footprint. Users may toggle be-
tween grid and list views depending on preference, and range
selection enables efficient bulk operations on history items.
Additional refinements include improved filtering, faster navi-
gation, and clearer indicators of dataset states within a history.

Additional interface improvements

Keyboard navigation has been introduced throughout the in-
terface, including arrow-key traversal of history items, shift-
click range selection, and keyboard shortcuts for common
operations. Multi-item drag and drop allows users to move
datasets between histories or directly into tool input forms. A
live console output view provides real-time display of job stan-
dard error and standard output during execution, reducing the
need to wait for job completion before diagnosing issues.

Interactive tools are now launched within the central inter-
face panel instead of external browser windows, enabling a
more integrated and cohesive user experience. This integration
facilitates bidirectional, real-time data exchange between sup-
ported interactive tool sessions (e.g. Jupyter Notebook) and
the Galaxy history. A dedicated view for recent downloads
and exports enhances traceability and makes it easier to lo-
cate shared artifacts. The user preferences interface has been
restructured with clearer organization of settings related to
account management, storage configuration, external reposi-
tories, and workflow preferences.

Workflow management and execution

Workflows remain foundational to Galaxy’s commitment to
reproducibility, scalability, and transparency. Workflow au-
thoring, execution, documentation, and inspection capabili-
ties have been substantially modernized in recent years. We
have also developed the Intergalactic Workflow Commission
(IWC) repository of open, peer-reviewed workflows span-
ning dozens of topics in genomics, metabolomics, proteomics,
imaging, and beyond (iwc.galaxyproject.org) and is integrated
with community efforts like WorkflowHub [5] and Dockstore
[6] using the GA4GH TRS standard [7]. Relatedly, we have
hardened support for running workflows programmatically
via the Planemo API and CLI [8] as well as for cloud deploy-
ments using Helm charts [9] and through our Pulsar network
[10].

Workflow Editor modernization

The Workflow Editor has been significantly enhanced to sup-
port complex graph editing. Search functionality allows users
to locate specific steps, tools, or subworkflows within large
workflows. Multi-item selection enables users to select, move,
duplicate, or delete multiple components simultaneously, re-
ducing friction in graph restructuring.

An undo/redo stack supports iterative development, and the
interface provides a visible navigation mechanism for tracking
editing history. Subworkflows can be cloned directly within
larger workflows, improving modular reuse. Layout improve-
ments and floating inspection panels enhance readability and
reduce the need for excessive scrolling in complex graphs.

Enhanced workflow run form

The workflow run form has been redesigned to provide clearer
grouping of parameters and improved mapping of dataset col-
lections (Fig. 3). Users can more easily identify required in-
puts and adjust configuration settings. New Smart Sample
Sheets integrate directly into the run form, enabling structured
mapping of tabular metadata to workflow parameters. Work-
flow authors can attach markdown-formatted README doc-
umentation directly to workflow definitions. This documen-
tation may include explanatory text, parameter descriptions,
references, and images, and is accessible within the workflow
run form, supporting clarity and reducing barriers to reuse.

Invocation graph visualization

An alternative view to the Galaxy history is the new Invoca-
tion Graph View. This view allows users to visualize work-
flow execution overlaid on the workflow canvas in real-time
(Fig. 4). While the history is a linear view, the Graph Invoca-
tion can visualize arbitrary complex branches of workflows.
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Figure 1. (a) Screenshot of the Activity Bar on the left showing multiple tabs and the tool discovery panel showing the dynamically generated results
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Figure 2. Screenshot of a dataset view of a generated VCF file, with Preview, Visualize, Details, and Edit tabs.

During or after execution, the invocation graph displays step-
level status information, including completed, running, failed,
or pending states. Users can interact with the graph to inspect
step details and navigate to associated datasets.

In addition to steps, execution details are presented in sep-
arate tabs. Invocation summaries provide structured access to

inputs, outputs, metrics, and the workflow report. Invocation
metrics now include runtime characteristics such as execu-
tion duration and resource usage (memory, CPUs). These met-
rics support performance analysis and workflow optimization
without requiring access to underlying cluster logs or navigat-
ing through hundreds of workflow steps individually.
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Export infrastructure has been extended for workflows
and invocations, especially for RO-Crates [11]. Reusing the
previously integrated wizard-component, an export interface
guides users through structured export of workflow invoca-
tions and associated artifacts. Export options include stan-
dardized formats such as RO-Crate and BioCompute Ob-
jects https://en.wikipedia.org/wiki/BioCompute_Object), and
plugin-based extensions, optionally triggered after workflow
completion, allow integration with external research data
management systems, including InvenioRDM-based reposito-
ries.

Data handling and storage

Galaxy’s data handling model has been extended to support
increasingly heterogeneous research data structures. Collec-
tion handling has been generalized to enable more expressive
nested and structured dataset groupings. Collection builders
have been redesigned to improve navigation and rule-based
mapping to make complex data analysis easier. Advanced col-
lection filtering operations allow workflows to recover par-
tial results by excluding incomplete or failed datasets. In
addition, all-versus-all analysis patterns can be supported
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through cross-join-style collection generation, enabling sys-
tematic pairwise comparisons within workflow execution. Im-
portantly, collection operations do not increase storage usage,
since they create no new source files and only restructure ref-
erences to existing datasets within Galaxy histories.

The introduction of Smart Sample Sheets further extends
Galaxy’s structured input model by allowing workflow au-
thors to define tabular templates that map sample attributes
to workflow parameters. This approach reduces ambiguity
in large-cohort studies and enhances reproducibility through
explicit metadata-driven mapping. Users can upload sample
sheets created in their favorite spreadsheet software or spread-
sheets pre-generated by sequencing facilities (Fig. 5a and b).
Alternatively, users can interactively fill in sample sheets in a
guided wizard, where workflow authors provide help text and
type validation to clearly communicate data requirements,
such as provided by BRC-Analytics.org, instead of requiring
users to provide arbitrarily-shaped files with sample informa-
tion.

Data ingestion has been improved through the introduction
of a ZIP explorer, which enables selective import of individ-
ual files from local or remote archives without full extraction.
This supports more efficient interaction with archived datasets
and remote storage systems and lays the foundation for more
powerful RO-Crate imports in the future.

File source interfaces have undergone significant redesign.
File systems based on the Python library fsspec are now sup-
ported and available file source templates and storage loca-
tions are now presented through a card-based layout with
breadcrumb navigation and search functionality. Server-side
pagination enables responsive navigation of large remote
repositories. User-defined file sources are enabled by default
on major Galaxy services, allowing users to configure personal
or institutional repositories, including Google Drive, Drop-
box, OwnCloud, Nextcloud, OMERO, OneData eLabFTW,
RSpace, HuggingFace, and Zenodo (via Invenio-based inte-
grations), as navigable file systems within Galaxy. These inte-
grations support direct browsing, selective import, and struc-
tured export of datasets without intermediate manual down-
loads.

Many public Galaxy instances have introduced temporary
(“scratch”) storage backends to provide increased flexibil-
ity for exploratory and intermediate analyses. Scratch stor-
age allows datasets to be written to short-lived object stores
optimized for transient processing, reducing long-term stor-
age pressure while remaining transparently integrated within
Galaxy histories. This deployment model complements pre-
ferred object store configurations introduced previously and
reflects the increasing heterogeneity of storage infrastructure
supporting Galaxy services.

Additional storage lifecycle improvements include visual
indicators for short-term storage expiration and enhanced
tracking of export provenance. Histories that are archived in
external repositories display associated document object iden-
tifiers, improving clarity and traceability for published analy-
ses.

Interactive environments and visualization

Galaxy has transitioned to a modern visualization architec-
ture through the introduction of the Galaxy Charts Visualiza-
tion Framework (https://charts.galaxyproject.org). This mod-
ular, plugin-based system replaces legacy components and en-
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ables improved performance, maintainability, and extensibil-
ity. Visualizations are implemented as standalone, versioned
JavaScript applications with automated test coverage, which
can be installed, developed, and executed independently of
Galaxy while integrating seamlessly through the plugin inter-
face. The framework supports a wide range of visualization
modalities, including genomic tracks, imaging data, molecu-
lar structures, geospatial datasets, alignment viewers, and ex-
ploratory plotting tools (Fig. 6).

JupyterLite, a fully browser-based Jupyter environment, is
now available as an integrated visualization, including Al sup-
port, through admin-configured access, to an LLM. Users can
interact with Galaxy datasets and APIs directly within a note-
book running in the user’s browser environment without re-
quiring local software installation or containerized interac-
tive tools. This lightweight integration supports exploratory
scripting and analysis while maintaining Galaxy’s provenance
and data management model.

Galaxy has transitioned to an IGV.s-based genome
browser [12], providing a fully browser-native visualization
environment that supports a broad range of indexed genomic
datatypes without requiring local installation. IGV.js en-
ables dynamic genome selection directly from history-resident
FASTA or 2bit datasets and improves interaction with large in-
dexed files through responsive, in-browser rendering. The re-
moval of external desktop dependencies simplifies deployment
in training environments, including Galaxy Training Network
(GTN) tutorials, where consistent genome browser behavior
across participants is essential. In addition, domain-specific
viewers contributed by community groups extend visualiza-
tion support to diverse scientific modalities.

Collectively, Galaxy public services now provide >47 vi-
sualization plugins across diverse scientific domains, enabling
interactive exploration alongside reproducible pipeline execu-
tion while preserving clear versioning, testing, and indepen-
dent release cycles for each visualization application.

Integration with external resources

Workflow and dataset landing pages as integration
hooks

Galaxy now provides workflow and dataset landing pages de-
signed as lightweight integration hooks for external services.
These landing pages allow third-party platforms, such as data
repositories, registries, or domain-specific portals, to redirect
users to a Galaxy instance with predefined context, without
requiring custom backend infrastructure.

Through parameterized landing page URLs and associated
APIs, external websites can initiate Galaxy workflows with
prefilled parameters and referenced datasets. Data can be
pushed directly into Galaxy and associated with a selected
workflow, enabling users to start analysis immediately upon
arrival. Because this mechanism operates entirely through
URL-based redirection and frontend interactions, it can be im-
plemented even from static websites, lowering the barrier for
integration.

This approach allows repositories and registries to ex-
pose “Analyze in Galaxy” functionality directly from their
own interfaces. Early adopters include the TWC (https:/
iwc.galaxyproject.org), the BRC-Analytics platform (https:
/Ibrc-analytics.org) [13], and Dockstore/AnVIL (https://
anvilproject.org) [14, 15], which integrate Galaxy workflows
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Figure 5. Guided authoring of a sample sheet via BRC-Analytics and its integration with Galaxy. (a) Step 4 of the BRC-Analytics guided wizard at
brc-analytics.org prompts the user to classify each column of the uploaded sample sheet. Columns are assigned types including forward/reverse file
URL, identifier, biological factor, and technical/blocking factor. A live validation panel confirms that all required column types are correctly specified
before proceeding. (b) The resulting sample sheet is imported directly into a Galaxy history as part of the end-to-end differential expression RNA-seq
workflow, where each of the six samples (CRISPRi-C26 and CRISPRi-dxr, three replicates each) is represented as a pair of compressed fastgsanger.gz

datasets ready for downstream analysis.

into their analytical pipelines via these landing page mecha-
nisms. These integrations demonstrate how Galaxy can func-
tion as an execution layer embedded within broader scien-
tific ecosystems, while preserving Galaxy’s reproducibility and
provenance model.

By formalizing workflow invocation and dataset ingestion
through structured landing pages, Galaxy strengthens interop-
erability between data repositories and computational analy-
sis environments without requiring complex middleware or
service-specific adapters.

Structured credential management for external
service integrations

Galaxy now provides structured support for tools that require
external authentication. Tool definitions may declare creden-
tial requirements, and users can manage credentials through a
dedicated interface separate from workflow definitions. Cre-
dential grouping, validation, and management APIs allow
users to organize authentication parameters efficiently. Cre-
dentials are injected at execution time, avoiding embedding
sensitive values directly in workflow objects. As first exam-
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ples, the community has adopted these new capabilities into
tools that upload data to ENA, interact with the Copernicus
data archive or the ChatGPT tool.

Similar to BioBlend [16], which provides a Python inter-
face to the Galaxy API, and enabling programmatic access to
Galaxy assets within the Python ecosystem, a new R package
called GalaxyR [17] is now providing a comprehensive inter-
face to the Galaxy APIL, allowing users to manage histories,
upload data, execute tools and workflows, and retrieve results
directly from within R.

Community and training

Galaxy development remains community-driven, with >400
contributors in the last two years participating in code de-
velopment, tool integration, documentation, training, and
infrastructure operations. Governance structures, including

the Galaxy Executive Board, Technical Board, and Com-
munity Board, continue to evolve to support a growing
international initiative (https://galaxyproject.org/community/
governance/). Community engagement spans multiple com-
munication platforms and regional special interest groups,
reflecting Galaxy’s commitment to inclusive and transparent
governance. This engagement is further strengthened by the
Galaxy Codex (https:/training.galaxyproject.org/training-
material/topics/community/fags/create_codex.html), a collab-
orative space where communities can collect, curate and ex-
pose their tools, workflows, and tutorials, and the Galaxy
Labs [18].

In the last two years, communities such as imaging, mi-
crobiology, single-cell, biodiversity, and earth system sciences
have used these resources to provide users with state-of-the-
art, community-curated content within the Galaxy environ-
ment [19-22]. Galaxy also serves as a primary analysis plat-
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form for several major initiatives, including the Vertebrate
Genomes Project [23] and the BioDIGS soil metagenomics
project [24]. Additionally, over 30 communities of interest,
generating datasets of national significance through BioPlat-
forms Australia Initiatives, have all transitioned to Galaxy as
the primary analytical tool for newly generated data (https:
/Ibioplatforms.com/initiatives/). Moreover, Galaxy continues
to advance into new scientific fields, such as the Digital Hu-
manities and Social Sciences [25].

The Galaxy Community Hub (http:/galaxyproject.org)
was redesigned to renew the underlying infrastructure, sim-
plify contributions, provide a more modern look and feel and
adopt structured metadata shared with the GTN [26, 27].
This unified metadata framework improves discoverability of
tagged posts, events, contributors, organizations, and funders,
providing a clearer and more comprehensive overview of com-
munity activity across the Galaxy ecosystem. The Hub has
published ~1700 news items and documented 1370 commu-
nity events, illustrating the breadth and vitality of the project’s
global engagement.

The GTN (https://training.galaxyproject.org/) now pro-
vides over 500 self-paced tutorials across 16 scientific do-
mains. Learning pathways and direct tool-linked training
materials reduce barriers for new users and support global
research consortia. Leveraging this broad topical coverage,
GTN offers an annual global massive open online course
training event called the Galaxy Training Academy (GTA).
Completely free, they include introductions to the Galaxy
ecosystem, and in-depth “tracks” for specific research subjects
such as machine learning or genome assembly. At the date of
this paper’s writing, the third instance of this event, GTA2026,
is being organized. These week-long sessions are truly global:
slack communication channels are staffed around the clock by
members of the US, European, and Australian Galaxy commu-
nities. GTA2024 recorded over 2800 registered participants
and covered 9 topics, while GTA2025 recorded over 3500
registered participants and 10 topics. They are a large com-
munity effort, with a minimum of 70 people involved at some
level in the creation of the materials and the organization of
the events.

In addition to technical and training activities, the Galaxy
community has continued to reflect on the long-term sus-
tainability of the project itself, including governance, fund-
ing, maintenance capacity, and resilience to changes in per-
sonnel and infrastructure providers. To support transparency
and community planning, the project has produced a Sus-
tainability Report (https:/gxy.io/sustainability) that summa-
rizes how Galaxy is sustained as a global open-source effort,
discusses contributor distribution and “bus factor” consider-
ations, and outlines approaches for strengthening long-term
support through diversified funding and community engage-
ment. This report provides a shared baseline for assessing
project health and guiding future investment in Galaxy as crit-
ical research infrastructure.

We also completed a multiyear transition of the Galaxy
codebase from the Academic Free License 3.0 (AFL-3.0) to
the MIT License. Galaxy originally adopted the AFL-3.0 in
2005 when the project began, reflecting the open-science val-
ues of the time. The transition to the MIT License was under-
taken to better align with licensing models used across other
Galaxy-affiliated projects and to simplify reuse and redistribu-
tion of Galaxy components. In particular, this change enables
broader downstream distribution of Galaxy and its associated

software libraries by communities such as Debian [28], whose
packaging guidelines are not fully compatible with AFL-3.0.

Future directions

Future technical development will continue to emphasize user
interface consolidation, expanded workflow documentation
standards, enhanced interoperability with research data man-
agement systems, and continued modernization of visualiza-
tion components. These efforts aim to sustain Galaxy as an
accessible, reproducible, and extensible platform for global
scientific research.

Ongoing and future work focuses on refinement of the up-
load and data ingestion experience, addressing the increasing
complexity of modern data structures, large cohort datasets,
and heterogeneous archive formats. A redesigned upload in-
terface will provide clearer feedback, improved collection con-
struction guidance, and more intuitive handling of structured
and nested datasets, reducing friction when preparing com-
plex analyses.

Galaxy servers are beginning to add support for user-
defined tools, enabling advanced users and domain commu-
nities to define, configure, and deploy custom analysis com-
ponents within controlled environments. This direction low-
ers the barrier for rapid method integration while preserving
Galaxy’s provenance tracking and reproducibility model.

Al-specific integration hooks and deeper integration of
the Galaxy-MCP project (https://doi.org/10.5281/zenodo.
19833847) will enable external AI clients to interact
with Galaxy programmatically, while internal conversational
agents will support job error interpretation, tool recommen-
dation, and analysis guidance. These capabilities will ex-
tend to tool, workflow, and visualization configuration, trou-
bleshooting, and onboarding, with an emphasis on trans-
parency, user control, and clear separation between auto-
mated assistance and reproducible computational steps.

Planned enhancements also include dedicated tool landing
pages, similar to the workflow and data landing pages, and a
more structured representation of tool state within the Galaxy
APIL.

In parallel, the Galaxy community will continue to ad-
dress the environmental impact of large-scale computational
research. Future efforts will focus on improving job schedul-
ing strategies and resource allocation mechanisms across de-
ployments, encouraging more efficient use of compute infras-
tructure. This includes promoting tools and datatypes that
reduce storage footprint and computational overhead, sup-
porting more efficient intermediate formats, and providing
guidance to developers and users toward resource-conscious
workflow design.
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