Galaxy

Translating workflows into Nextflow with Janis



Galaxy Platform

Online platform for data-analysis

- GUI rather than CLI
- Easy data handling
- Compute provided

- Easy to get started

Functionality is impressive

- Each server has collection of Tools
- History documents your analysis
- Can create a workflow for your analysis

Chose to support Galaxy ingest in janis-translate
because..

- Many Galaxy tools & workflows publicly available
- Natural progression for users: Galaxy — CLI
- Workflow editor makes prototyping fast

MiModD




Features

Each server has collection of Tools. Select a tool, supply inputs, execute.

Galaxy Australia

Tools i~ # FastQC Read Quality reports (Galaxy Version 0.73+galaxy0) T & - History + = -
Do o, e 1
fastqc x | Raw read data from your current history | search datasets ¥ x
''D ©| o 14iluminareads_1.fast !
_reads_1.fastq - B .
4 Upload Data 1 1 Unnamed history ’
___________________________________________ -
‘@ Show Sections
8|210m8 Q1 W w12z 2
D © | O | Notabular dataset available. v | =

a
fastp - fast ail-in-one preprocessing for FASTQ tab delimited file with 2 columns: name and sequence. For example: lllumina Small RNA RT Primer CAAGCAGAAGACGGCATACGA
files Adapter list

WORKFLOWS
D © | O | Notabular dataset available. - B
All workflows
List of adapters adapter sequences which will be explicity searched against the library. It should be a tab-delimited file with 2 columns: name
and sequence. (--adapters)

submodule and Limit specifing file

D © | O | Nothing selected -

afile that specifies which submodules are to be executed (default=all) and also specifies the thresholds for the each submodules warning
parameter

Disable grouping of bases for reads >50bp

®) No

Using this option will cause fastqc to crash and burn if you use it on really long reads, and your plots may end up a ridiculous size. You have
been warned! (-nogroup)

Lower limit on the length of the sequence to be shown in the report

As long as you set this to a value greater or equal to your longest read length then this will be the sequence length used to create your read
groups. This can be useful for making directly comaparable statistics from datasets with somewhat variable read lengths. (--min_length)
Length of Kmer to look for

7 [
Note: the Kmer test is disabled and needs to be enabled using a custom Submodule and limits file (—kmers)
Email notification
@) No

Send an email notification when the job completes.
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o
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Features

History documents your analysis - queued, running, paused, complete

= Galaxy Australia

Tools -

fastqc x

2 Upload Data
@ show ections

FastQC Read Quality reports

fastp - fast all-in-one preprocessing for FASTQ
files

WORKFLOWS

All workflows

ow  Visualize ~ Shared Dat:

o Executed FastQC and successfully added 1 job to the queue.

The tool uses this input:

.4

lumina reads 1.fastq
it produces 2 outputs:

« 15: FastQC on data 14: Webpage
* 16: FastQC on data 14: RawData

You can check the status of queued jobs and view the resulting data by refreshing the History panel. When the job has been run the
status will change from ‘running’ to ‘finished" if completed successfully or ‘error f problems were encountered.

History + = -
search datasets ¥ x
Unnamed history ’
s210M8 0 W w2 &
1 1S
| © 16: FastQC on data 14: RawData osu
| 1
| © 15: FastQC on data 14: Webpage o/su
_____________________ 1
14: illumina_reads 1.fastq osv

History

search datasets

My History
4 shown, 7 deleted

4.15 MB

© 5: queued

Il 4: paused
running
o : error

1:0k

c+me
(2] x]
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Features

Create a workflow for your analysis. From analysis history, or from scratch.

Visualize

Shared Data

Help

Tools

search tools

Inputs

FILE AND META TOOLS

Get Data

Send Data

Collection Operations
GENERAL TEXT TOOLS

Text Manipulation

Filter and Sort

Join, Subtract and Group
GENOMIC FILE MANIPULATION
FASTA/FASTQ

FASTQ Quality Control
SAM/BAM

BED

VCF/BCF

Nanopore

Convert Formats
Lift-Over

COMMON GENOMICS TOOLS
Operate on Genomic Intervals
MiModD

Fetch Alignments/Sequences

GENOMICS ANALYSIS

Fimeeei,

<

Unicycler Assembly

& aFasiC

S B ZF " b

Name

Unicycler Assembly

Version

7: Jun 1st 2023, 9 steps s

Annotation

These notes will be visible when this
workflow is viewed.

License

Specify a license for this workflow.
Creator

Add a new creator - either a person or an
organization.

Tags

Apply tags to make it easy to search for
and find items with the same tag



Users

Biologists, Career bioinformaticians (due to
great accessibility)

A number of prominent research ventures use the
Galaxy platform to analyse their data:

- The Encyclopedia of DNA Elements (ENCODE)
- The Vertebrate Genomes Project (VGP)
- Assistance Publique-Hopitaux de Paris (AP-HP)



Accessing Tools

Tools can be accessed 2 ways:

- Via a Galaxy server (https://useqgalaxy.org.au/)
- Via the Galaxy Toolshed

(https://toolshed.qg2.bx.psu.edu/)



https://usegalaxy.org.au/
https://toolshed.g2.bx.psu.edu/

Accessing Tools

Tools can be accessed 2 ways:

- Via a Galaxy server (https://useqgalaxy.org.au/)
- Via the Galaxy Toolshed

(https://toolshed.q2.bx.psu.edu/)

Galaxy Austral

Via Galaxy Server

Tools B3

samtools

£ Uplosd Data
@ Show secions

StringTie merge tanscipts

Samtools stats generate statitics for BAM dataset

Samtools bedcov calculateread depth fo a set of genomic

intervals

Samtools idxstats reports stas of the BAM index fie

Samtools flagstat tabulate descriptive statsfor BAM datset

Samtools fastx extract FASTA or FASTQ from alignment files

Samtools reheader copy SAM/BAM header betuween datasets

Samtools split BAM dataset on readgroups

BAM-to-SAM convert BAM to SAM

SAM-to-BAM convert SAM 0 BAM

beftools List Samples in VCF/BCF fle

beftools reheader Modify header of VCF/ECF fles, change

sample names

beftools convert to vef Converts other formats (o VCF/BCFk

ivar varlants Call variants from aligned BAM file

Slice BAM by genomic regions

ivar consensus Call consensus from aligned BAM file

'Add LoFreq alignment quality scores to aligned read
SAM/BAM records

NanoFiltFiltering and rimming of long read sequencing data

i =
/ Samtools idxstats reports stats of the BAM index file (Galaxy Version 2.0.4) v & - LIS
sercn dtasets v x
1 Please provide a value for this option.
8w file Unnamed history ,
D PO No bam or cram dataset available. - | &

s210m8 LERN R SERN -
: °

Email notification
16:FastQC on data 14:Raw @ /' W

Send an email notification when the job completes. Data
5 recCon a4 © 2 %
IWStic does| 14:illumina reads 1.fastg @ / W

Runs the samtools ddxstats command. It retrieves and prints stats n the index file

Inputis a sorted and indexed BAM file, the output i tabular with four columns (one row per reference sequence plus a final fine for unmapped

Column Deseription

ypically uomapped partnors of aspped resds)

Example output from a de novo assembly:
|

contig 6o 63 50 e

Via Toolshed

Repositories  Groups Help v User ~

9425 valid tools on Apr ( Repositories by Category

Search

Search for valid tools

Valid Galaxy Utilities
Tools

Custom datatypes
Repository dependency
definitions

Tool dependency definitions
All Repositories
Browse by category
Available Actions
Login to create a repository

search repository name, description Q

Name Description Repositories
Assembly Tools for working with assemblies 19
Astronomy Tools for astronomy

ChiP-seq Tools for analyzing and manipulating ChiP-seq data 77
Climate Analysis Tools for analyzing climate data 12
CLIP-seq Tools for CLIP-seq 4
Combinatorial Selections Tools for combinatorial selection 9
Computational chemistry Tools for use in computational chemistry 180
Constructive Solid Tools for constructing and analyzing 3-dimensional shapes and their 1
Geometry properties

Convert Formats Tools for converting data formats 138


https://usegalaxy.org.au/
https://toolshed.g2.bx.psu.edu/

Accessing Tools - Tool Wrapper Format

Galaxy Tool Wrappers are written in XML.

They have 2 roles:



Accessing Tools - Tool Wrapper Format

Galaxy Tool Wrappers are written in XML.

<inputs>
<param name="file_input" type="data" format="fasta,genbank,embl"
They have 2 roles' label="Input file (Fasta, Genbank or EMBL file)" help="To screen for

antibiotic resistant genes, can be a fasta file, a genbank file or an
EMBL file." />
<section name="adv" title="Advanced options" expanded="False">

_ EXpose a user interface (Ul) <param argument="--db" type="select" label="Database to use -
default is 'resfinder'" help="Option to switch to other AMR/other
- Execute CLI commands to run software s

<option value="argannot">ARG-ANNOT</option>

<option value="card">CARD</option>

<option value="ecoh">EcOH</option>

<option value="nchi">NCBI Bacterial Antimicrobial Resistance
Reference Gene Database</option>

<option value="resfinder" selected="true">Resfinder</option>

<command detect_errors="exit_code"><![CDATA[ <option value="plasmidfinder">PlasmidFinder</option>
#import re <option value="vfdb">VFDB</option>
#set $sample_name = re.sub('[™\w\-_\.]', '_', $file_input. <option value="megares">megares</option>
element_identifier) <option value="ecoli_vf">Ecoli_VF</option>
- </ param>
U6 =57 %3EEis SEmns sample name} &6 <param name="no_header" argument="--noheader" type="boolean"
A ~input}® $isample_ y truevalue="--noheader" falsevalue="" label="Suppress header"

help="Suppress output file's column headings" />

<param name="min_dna_id" argument="--minid" type="float"
value="80" min="0" max="100" optional="true" label="Minimum DNA
%identity" />

abricate ${sample_name}

$adv.no_header

#if $adv.min_dna_id
--minid=$adv.min_dna_id

] <param name="min_cov" argument="--mincov" type="float" value="80"

#end if min="0" max="100" optional="true" label="Minimum DNA %coverage" />
#if $adv.min_cov </section>

--mincov=$adv.min_cov </inputs>
#end if
2>61 <outputs>
--db=$adv.db <data name="report" format="tabular" label="${tool.name} on $
> '$report’ {on_string} report file" A

11></ command> abricate.xml command S out R abricate.xml /O




Accessing Tools - Tool Wrapper Format

Can get super complicated!

Translation becomes very
challenging.

- Runtime values can affect the
structure of the shell command

- Won’t know what the command
will look like till it actually runs

- Sometimes impossible to parse
correctly.



Accessing Tools - Tool Wrapper Format

Can get super complicated! 1/3rd of cutadapt.xml command

Translation becomes very
challenging.

input_1

- Runtime values can affect the
structure of the shell command

- Won’t know what the command
will look like till it actually runs

*fastgsanger.gz®):

- Sometimes impossible to parse 2
correctly.

2, “fastgsanger

cutadapt

y i
#if not any((Soutput t_options.wildcard_file, $output_options.too_short_file, Soutput_options.too_long_file, $output_options.untrimmed_file))
-3 \${GALAXY_S|

#end if

#if str( 1 gle™:




Handling Galaxy Tool Wrapper Requirements

Galaxy uses conda to handle tool
requirements.

For best-practises pipelines, we
need a single container image.

New feature added:

- --build-galaxy-tool-images

- Builds a new container image on
the fly (during translation)

- Contains all software listed in tool
<requirements>

- Image will appear as the container
requirement in translations

<tool id="limma_voom" name="limma" version="@TOOL_VERSION@+galaxy0">

<description>

Perform differential expression with limma-voom or limma-trend

</description>

<macros>

<token name="@TOOL_VERSION®">3.50.1</token>

</macros>

<requirements>
<requirement type="package"
<requirement type="package"
<requirement type="package"
<requirement type="package"
<requirement type="package"
<requirement type="package"
<requirement type="package"
<requirement type="package"

</requirements>

version="@TOOL_VERSION@">bioconductor-limma</requirement>
version="3.36.0">bioconductor-edger</requirement>
version="1.4.36">r-statmod</requirement>
version="1.1.1">r-scales</requirement>
version="0.2.21">r-rjson</requirement>
version="1.20.3">r-getopt</requirement>
version="3.1.1">r-gplots</requirement>
version="2.4.0">bioconductor-glimma</requirement>



Handling Galaxy Tool Wrapper Requirements

Some notes about this feature:

- Requires docker
- Can be slow (2-30 mins)

In the interest of time, we will not
use this feature today.

- Images for relevant tools (limma-
voom, hisat2, featurecounts)
available on a quay.io repo

- We will replace the container
requirement for affected tools

When this feature is turned off...

- janis-translate picks a suitable
container based on the main

software requirement.

quay.io/grace_halll/hisat2:2.2.1
process HISAT2 { K///”—”,

container "guay—ie/biecontainers/hisat2i2 2.1 —he7f3376-5"

publishDir "${params.outdir}/hisat2" -

input:
path library_input_1
path index_path

output:
path "${library_input_1.simpleName}.alignment_summary.txt", emit: out_summary_file
path "${library_input_1.simpleName}.bam", emit: output_alignments

script:
won

hisat2 \

-U ${library_input_1} \

-x ${index_path[0].simpleName} \

--summary-file ${library_input_1.simpleName}.alignment_summary.txt \
-S out.sam



Accessing Workflows

Workflows can be accessed 3 ways

- Via Shared Workflows
- Via User Workflows
- Via Link



Accessing Workflows

Workflows can be accessed 3 ways

- Via Shared Workflows
- Via User Workflows

- Via Link

Published Workflows
search name, annotation, owner, ai | Q

Advanced Search

Name
Phylogenetic Tree Buildina  ~

Run
COVID-19: variatior  import -

asF

COVID-19: variation analysis on WGS SE data  ~

COVID-19: variation analysis on ARTIC PE data  ~

COVID-19: variation analysis of ARTIC ONT data  ~

COVID-19: variation analysis reporting ~ ~

COVID-19: consensus construction  ~

SARS-CoV-2: downsample ONT reads assigned to
trancerinte

Annotation

Call variants from WGS (non
ampliconic) paired-end reads.

Call variants from WGS (non-
ampliconic) single-end reads.

Call variants from ampliconic
paired-end reads

A Galaxy workflow that
replaces the ARTIC minion
shell command

Generate variant reports for
the output of SARS-Cov-2
variation analysis workflows

Build a consensus sequence
from a lst of variants. Hard-
mask regions with low
coverage and sites with
called, but fitered variants,
Note: Sites with

Downsamples ONT reads
assigned to regions and then
runs the sub workflows:
SARS-CoV-2: coverage

Owner

graceh1024

galaxy
australia

galaxy-
australia

galaxy
australia

galaxy
australia

galaxy-
australia

galay-
australia

galaxy
australia

Shared Workflows

Community Ratingl Community Tags

‘covid19.galaxyprojectorg
covid19.galaxyproject.org
covid19.galaxyproject.org

covid19.galaxyproject.org

covid-19

covid19.galaxyproject.org

covid19.galaxyproject.org

Last Updated

Apr 14,2021

Mar 03, 2021

Mar 03, 2021

Mar 03, 2021

Mar 03, 2021

Mar 03, 2021

Mar 03, 2021

Mar 03, 2021

User Workflows

Kow Visulize Shared Data~ Help~ User >

s 0 Z[(8 >

Inicycler Assembly

e & Uparade Workflow

&

These notes wil be visible when this
workflow s viewed.

License

Specify a liense for this workflow:

Cestor
Tt B

i

ApPly tags to make it easy to search for
and find items with the same tag.

® Ym———

Baese s
iy |
e o

Via Link

a Galaxy Training! Contributors & Leaming Pathways @ Help ~ Yy Bxtras - Q Search Tutorials

Workflows

These workflows are associated with 3: RNA-seq genes to pathways

To use these workflows in Galaxy you can either click the links to download the workflows, or you can right-click and copy the link to the workflow which can be used in
the Galaxy form to import workflows.

Has
Workflow Updated Import Tests Tested  License Creators
rma-seq-genes-to- Feb 25, Launch in Tutorial Mode 2 X X None Specified, defaults to CC-

pathways.ga 2622 BY-4.0

Import to UseGalaxy.eu

Import to UseGalaxy.org

Import to another server (223.8+
only!)

Importing into Galaxy

Below are the instructions for importing these workflows directly into your Galaxy server of choice to start using them!



Accessing Workflows - Workflow Format

Galaxy Workflows can be downloaded as .ga files.

These are json files which describe the metadata a
workflow needs to run on a Galaxy server.

- Workflow metadata

- Step metadata
- Step input parameters

- Step tool info (tool name, revision etc)



Accessing Workflows - Workflow Format

Galaxy Workflows can be downloaded as .ga files.

These are json files which describe the metadata a
workflow needs to run on a Galaxy server.

- Workflow metadata

- Step metadata

- Step input parameters

- Step tool info (tool name, revision etc)

ngn.

i
"input_connections": {
"inputFile": {

Zide 5
"output_name": "output_alignments"
g
"name": "MarkDuplicates",
"outputs": [
"name": "metrics_file",
"type": "txt"
i
{
"name": "outFile",
"type": "bam"
]

"tool_id": "toolshed.g2.bx.psu.edu/repos/devteam/picard/picard_MarkDuplicates/2.18.2.1",
"tool_shed_repository": {

"changeset_revision": "f6ced08779c4",
"name": "picard",
"owner": "devteam",

"tool_shed": "toolshed.g2.bx.psu.edu"
1
"tool_state": "{\"assume_sorted\": \"true\", \"barcode_tag\": \"\", \"comments\": [],
\"duplicate_scoring_strategy\": \"SUM_OF_BASE_QUALITIES\", \"inputFile\":
{\"_class__\": \"Connectedvalue\"}, \"optical_duplicate_pixel_distance\": \"100\",
\"read_name_regex\": \"\", \"remove_duplicates\": \"false\", \"validation_stringency\":
\"LENIENT\", \"_page_ \": null, \"__rerun_remap_job_id_ \": null}",
"tool_version": "2.18.2.1",
"type": "tool",
"uuid": "d68el2ea-a68a-49b0-a4cd-736e4dbd2178",



For Today

Will translate 2 Galaxy Tool Wrappers to Nextflow

- https://useqgalaxy.org.au/root?tool_id=toolshed.g2.bx.psu.edu/repos/devteam/samtools_flagstat/samtools_flagstat/2.0.
4
- https://usegalaxy.org.au/root?tool_id=toolshed.g2.bx.psu.edu/repos/iuc/limma_voom/limma_voom/3.50.1+galaxy0

Will translate 1 Galaxy Workflow to Nextflow

- https://training.galaxyproject.org/training-material/topics/transcriptomics/tutorials/rna-seqg-reads-to-
counts/workflows/rna-seqg-reads-to-counts.ga



https://usegalaxy.org.au/root?tool_id=toolshed.g2.bx.psu.edu/repos/devteam/samtools_flagstat/samtools_flagstat/2.0.4
https://usegalaxy.org.au/root?tool_id=toolshed.g2.bx.psu.edu/repos/devteam/samtools_flagstat/samtools_flagstat/2.0.4
https://usegalaxy.org.au/root?tool_id=toolshed.g2.bx.psu.edu/repos/iuc/limma_voom/limma_voom/3.50.1+galaxy0
https://training.galaxyproject.org/training-material/topics/transcriptomics/tutorials/rna-seq-reads-to-counts/workflows/rna-seq-reads-to-counts.ga
https://training.galaxyproject.org/training-material/topics/transcriptomics/tutorials/rna-seq-reads-to-counts/workflows/rna-seq-reads-to-counts.ga

Let's Begin



