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Three major concerns

Accessibility: Making use of large-scale data requires complex computational 
resources and methods. Can all researchers access these approaches? How can 
we make these methods available to everyone

Transparency: Is it possible to communicate analyses and results in ways that are 
both easy to understand and provide all of the essential details

Reproducibility: Can analyses be precisely reproduced, to facilitate rigorous 
validation and peer review, and ease reuse?

James Taylor | 2019



Reproducibility

- Reproducibility is 
increasingly 
important

- Nearly all science 
is computational 
and should be 
reproducible



Collaboration

- Viewing exact 
details of an 
analysis is critical 
for understanding

- Building on prior 
work is a key 
component of 
science



Accessibility

- Make complex 
analyses widely 
available via the 
Web and GUI

- Increase equality 
for computational 
tools + workflows



Accessibility is power







Fighting 
analytical 
inequality



Galaxy makes 
analyses 

accessible!



Past



Webb Miller Ross Hardison

...by early 2000’s the big data in biology was 
genomic sequences and alignments. Penn State was 

central in developing alignment tools



The basic question in the early 2000’s was:

What is aligned to what and does it overlap with 
anything interesting?



2003





GALA enabled query annotation information from the human genome, alongside 
alignments with the mouse genome, integrated with the UCSC browser, and allowed 

building up set queries using the results of previous queries (the birth of the History system)



Can GALA be extended to other analyses?



Can GALAXY be extended to other analyses?





Galaxy as a PERL script (~50,000 lines)



G2



James Taylor joins the project



Early pythonic Galaxy circa 2005



Dan Blankenberg and the letter P



Connection with UCSC







2005: NGS begins: Il pleut des cordes



The basic question in the late 2000’s becomes:

What would happen if I sequence the s****t out of 
anything?*

*For metagenomic studies this was, in fact, precisely the question asked. 



2008



2010- The modern Galaxy era





The great flood of 2012

Your data here



Stability and sustainability crisis!



… in which Galaxy is saved by public 
infrastructure

- USA 
- Europe  
- Australia  



Present



usegalaxy.* 

Community Managed
Globally Distributed

Reference 
Data/Indices

Tool Containers

usegalaxy.eu

usegalaxy.org.au

usegalaxy.org
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github.com/galaxyproject/galaxy
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Exciting New 
Features

Components



Interaction with 
Galaxy



Interaction with Galaxy

UI

Tools

API
History

Workflows
Data



Interaction with Galaxy
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Fast

Infinite scrolling

Advanced filtering

Auto-input tracking

Foundation for tree 
view

Fast (!)

Live today



Collections!



Interaction with Galaxy

UI

Tools

API
History

Workflows
Data



- By EDAM
- By BIO.TOOL
- By Training
- By IWC 
- By …

Do we actually need 
permanently visible tool panel?

Major work on the tool panel in 22.09!
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After 15 years, a new color added!
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Python 3.7+

Starlette
(ASGI framework)

Type annotation
(safer, better code, mypy)

Pydantic
(data validation, nice 

error messages)

OpenAPI
(interactive docs)

GUIs
(eg. Vue.JS)

Fast, websockets, SSE, 
GraphQL

https://usegalaxy.org/api/docs



Tool Registry Service (TRS)
Standard API for exchanging tools and 
workflows to analyze, read, and 
manipulate genomic data
Status: Supported

Data Repository Service (DRS)
Allows data consumers to access 
datasets regardless of the repository in 
which they are stored or managed
Status: PR Open

Beacon
Web-accessible service that users may 
query for information about a specific 
genomic allele
Status: Prototype done, PR coming

Task Execution Service (TES)
Schema and API for describing batch 
execution tasks with files, containers, 
and commands to run
Status: PR Open

Workflow Execution Service (WES)
Lets users run a single workflow on 
multiple different platforms, clouds, and 
environments
Status: In discussion

Passports
Standards for communicating the data 
access authorizations that a user has 
based on role, affiliation, or access status.
Status: In discussion; Supported in AnVIL



APIs enable automatic QC, deployment, 
and creativity!

Galaxy ecosystem is increasingly about services and less about raw software



The ad hoc 
analytics



The ad hoc analytics

Post-analysis

Instant tools 

Visualizations



The ad hoc analytics
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Instant tools 

Visualizations
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The ad hoc analytics

Post-analysis

Instant tools 

Visualizations





Dynamically define reusable tools

User-defined 
inputs

Re-runnable and usable 
in workflows



The ad hoc analytics

Post-analysis

Instant tools 

Visualizations





Data ↔ Compute



https://www.ncbi.nlm.nih.gov/sra/docs/sragrowth/



Cloud(s)

Galaxy

new job:
  inputs:
    - dataset 1
    - dataset 2
  outputs:
    - dataset 3
  tool: HISAT2

create jobData Storage

Volume
ComputeComputeComputePulsar

execute job

get datasets 1, 2

execute job

3

job complete

12

12

3
compute

Ti
m

e

Remote tool execution 
data flow

NFS

3

12

control message

data movement

@jmchilton @natefoo

Storage

3



Cloud(s)

Galaxy

new workflow:
  inputs:
    - dataset 1
    - dataset 2
  outputs:
    - dataset 9
  tools: X, Y, Z

create jobData Storage

Volume
ComputeComputeCompute

Remote
Galaxy

execute workflow

get datasets 1, 2

execute workflow

9

workflow complete

12

12

3
compute
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m

e

Remote workflow
Execution Data Flow

NFS

9

12

control message

data movement

@jmchilton @natefoo

Storage

3
compute

…

8

9
compute

4

new workflow:
  inputs:
    - dataset 1
    - dataset 2
  outputs:
    - dataset 9
  tools: X, Y, Z

create job



@jmchilton

- Remote workflow execution
- Tiered storage



- Global Pulsar cloud
- Bring your own storage (BYOS)



Training & 
Outreach



Your instance

A Global Hub: A home on the web 
for every Galaxy community





GTN Smörgåsbord: 2022 Tapas edition
- World wide attendance
- 2500 registrations
- GTN video library
- GTN course builder 

(beta, feedback welcome)



Galaxy Projects
Enabling Tremendous Science



VGP:
Assembling reference genomes 

for all vertebrates in Galaxy
https://galaxyproject.org/projects/vgp/





Species Common name Genome size Assembler

Corvus hawaiiensis Hawaiian crow 1,081,864,808 Giulio Formenti

Taeniopygia guttata Zebra finch 1,009,754,198 Nadolina Brajuka

Scomber japonicus chub mackerel 688,600,335 Linelle Abueg

Sorex araneus Common shrew 2,230,886,386 Linelle Abueg

Macropus eugenii Tammar wallaby 3,312,892,930 Nadolina Brajuka

Neoarius graeffei Blue salmon catfish 2,420,249,501 Linelle Abueg

Acridotheres tristis Common myna 1,354,313,347 Linelle Abueg

Spea bombifrons Plain's spadefoot toad 959,239,875 Nadolina Brajuka

Spheniscus humboldti Humboldt penguin 1,246,817,591 Linelle Abueg

Monodelphis domestica Gray short-tailed opossum 3,216,945,970 Nadolina Brajuka

Mesoplodon densirostris Blainville's beak whale 3,125,258,145 Nadolina Brajuka

Podargus strigoides Tawny frogmouth 1,092,727,389 Linelle Abueg

Ammospiza nelsoni Nelson's sparrow 1,190,976,425 Nivesh Jain

Ammodramus caudacutus Salt marsh sparrow 1,225,461,744 Brian O'Toole

Rhea pennata Darwin's southern rhea 1,255,251,577 Linelle Abueg

Rhynochetos jubatus Kagu 1,312,755,001 Linelle Abueg

Cynocephalus volans Philippine flying lemur 2,715,040,762 Linelle Abueg

Vipera latastei Snub-nosed viper 1,444,460,287 Marc Palmada

Neofelis nebulosa Clouded leopard 2,395,992,815 Brian O'Toole

Melospiza georgiana Swamp sparrow 1,334,824,158 Tatiana Tilley

Gastrophryne carolinensis Eastern narrowmouth toad 4,095,803,536 Linelle Abueg

Colius striatus Speckled mousebird 1,130,197,506 Linelle Abueg

Gavialis gangeticus Gharial 2,301,125,167 Nivesh Jain



AnVIL
NHGRI Analysis Visualization 

and Informatics Labspace
https://anvilproject.org



600,000 human genomes and growing!



When to use Galaxy in AnVIL?

What does Galaxy bring to AnVIL users?
- All features of Galaxy: accessible, reproducible, 

integrative science with thousands of tools
- Large, active community of users and contributors
- World-wide training network with materials, educating 

thousands every year

What does AnVIL bring to Galaxy users?
- Access to protected NHGRI datasets in 

FedRAMP-certified ecosystem
- Avoid data downloads
- Use Galaxy without quotas 
- Be your own Galaxy administrator
- Connect datasets in novel ways



Future Pandemic Effort:
High quality Galaxy workflows for 

pathogen variation
https://galaxyproject.org/projects/{covid19|mpxv}



SARS-CoV-2 saga

Sample

Amplification

RNA-Seq

Sequencing
(Illumina

ONT
…)

Variant calling
Assembly

Reads Genomes

87



Future Pandemic Effort

- IWC workflows for variation 
analysis

- Test data for evaluation
- Documentation and training



MicroGalaxy:
Workflows and training for 

bacterial and viral data
https://microgalaxy.usegalaxy.eu



MicroGalaxy

- Microbial genomics is 
underdeveloped

- Acute need for standardized 
“best practices”

- Documentation and training





Beyond Biomedical Data:
Climate, Neutron Scattering, …



Beyond Biomedical Data:

- Galaxy is NOT just genomics
- Galaxy is NOT life sciences
- Galaxy is EVERYTHING that 

has tools/data/infrastructure

Fight analytical inequality across disciplines





Our biggest 
challenge is making 

Galaxy features 
known!



STOP HERE



Cloud(s)

Galaxy

new job:
  inputs:
    - dataset 1
    - dataset 2
  outputs:
    - dataset 3
  tool: HISAT2

create jobData Storage
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Data ↔ Compute
- Remote workflow execution
- Tiered storage
- Pulsar cloud
- Bring your own storage 

(BYOS)



Cloud(s)

Galaxy

new workflow:
  inputs:
    - dataset 1
    - dataset 2
  outputs:
    - dataset 9
  tools: X, Y, Z

create jobData Storage
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new workflow:
  inputs:
    - dataset 1
    - dataset 2
  outputs:
    - dataset 9
  tools: X, Y, Z

create job



Data ↔ Compute
- Remote workflow execution
- Tiered storage
- Pulsar cloud
- Bring your own storage 

(BYOS)
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