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= Galaxy

SROJEC

Galaxy is a workflow manager adopted in many life science research environments in

order to facilitate the interaction with bioinformatics tools and the handling of large
quantities of biological data.

Through a coherent work environment and an user-friendly web interface it organizes
data, tools and workflows providing reproducibility, transparency and simple data
sharing functionalities to users.

galaxyproject.org
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= Galaxy

PROJECT

Analyze Data Workflow Visualize » red Data~ Admin
Tools w X History c+me
Bowtie2 - map reads against reference genome (Galaxy Version 2.3.4.3+galaxy0) ¢% Favorite + Options
search tools o search datasets 9 0
Is this single or paired library Unnamed history
test Single-end - 1 shown
SPAdes genome assembler for regular
9 »e
and single-cell projects FASTA/Q file 1.83 MB
Trimmomatic flexible read trimming (] 18] (B No fastgsanger, fastgsanger.gz, fastgsanger.bz2 or fasta dataset available. v =)
tool for lllumina NGS data 1: Bowtie2 on data 4: align @ & %
Must be of datatype "fastgsanger" or "fasta" ments
PopPUNK (cluster) Cluster bacterial = . R il
genomes Write unaligned reads (in fastq format) to separate file(s) 1.8 MB
Trim Galore! Quality and adapter Yes  No format: bam, database: sacCer3
trimmer of reads B | i
--un/--un-conc (possibly with -gz or -bz2); This triggers --un parameter for single reads and --un-conc for paired reads Job ‘galaxy-chronos-275' finished
i i successfull
MentalISEMLST Anslysis Write aligned reads (in fastq format) to separate file(s) 25000 rea dyS' e
MentaLiST Distance Matrix 4 . . [ e >
Yes No 25000 (100.00%) were unpaired; of
MentaLiST Tree these:
Convert, Merge, Randomize BAM --al/--al-conc (possibly with -gz or -bz2); This triggers --al parameter for single reads and --al-conc for paired reads 24999 (100.00%) aligned 0 times Galaxy BioHackathon 2020 Analyze Data  Workflow  Visualiz Help~ User
datasets and perform other Will you select a reference genome from your history or use a built-in index? 0 (0.00%) aligned exactly 1 time Galaxy version 20.05
transformations 1 (0.00%) aligned >1 times — i s
. Use a built-in genome index v 0.00% overall alignment rate Data Types O search Al O Installed Only
Bowtie2 - map reads against reference B
Iy : ) i e . ) [bam_sor Data Tables 6035 repositories available at https:/toolshed.g2.bx.psu.edu] ~
genome Built-ins were indexed using default options. See “Indexes” section of help below Display Applications
7 Name Owner Downloaded ~ Updated
Map with Bowtie for lllumina Select reference genome BOS . ? »e Jobs
. " Workflow Invocations bowtie2 devteam >19k today
FastQC Read Quality reports A. mellifera 04 Nov 2010 (Amel_4.5/apiMel4) (apiMel4) = display at UCSC main test eitrn Bowtie2: Fast and sensitive read alignment
display with IGV local User Management
WORKFLOWS If your genome of interest is not listed, contact the Galaxy team display in IGB View Users, Bowtle is an ultrafast and memory-efficient tool for aligning sequencing reads to long reference sequences. It is particularly good at aligning reads of about 50 up
Cars 101005 o 10005 of characters to relatively long (e.g. mammalian) genomes. Bowtie 2 supports gapped, lacal, and paired-end alignment modes. Bowtie 2 outputs
All workflows . Ty Binary bam alignments file alignments in SAM format, enabling interoperation with a large number of other tools.
Setread groups information? ) Roles Show additional details and dependencies.
( Forms
Tool Management Revision ‘Tools and Versions Requires Tests

Install and Uninstall

anage wetadata = bowie2 23434030 a0t . [ i |

Manage Whitelist

Tools graphical user interface. =

24 bowtie2 2343 +1801 install

Vew Linesge = vowte2 2342 w601 y
View Migration Stages
Vew o ogs n vowte2 2341 o .

Workflow graphical user interface
App store" to all Galaxies worldwide

Tools dependencies automatically solved



Laniakea elixir
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e Laniakea relies on commonly used Life Science Open Source tools,

|
e.g. Galaxy, RStudio, Jupyter, HashiCorp Vault, LUKS and SLURM. L a n l a k e a

e Laniakeais European Open Science Cloud service provider. ‘«'

Recommended for scenarios where users need full administrative ‘A
control over a private Galaxy instance.

LANIAKEA IS A CLOUD BASED GALAXY INSTANCE PROVIDER.
https://laniakea-elixir-it.github.io/

@D O ) %
./ HICondor clurm
LUKS workload manager

INDIGO - DataCloud

6


https://laniakea-elixir-it.github.io/

Laniakea architecture (simplified view)

' " = s A?‘: Laniakea Dashboard
—’(.:onflgure — = T =R * Authentication (IAM)
instance « Instance configuration
¢ Galaxy customization
User
D =
IIIIII - DataCloud Layer
Access to
Deployed services
- o * Provisionin, g
* Networking
OS images
openstack

AN

Y- Galoxy NS
IRIDA Studio

Jupyter

Dashboard - User friendly
access to configure and launch
a Galaxy instance

INDIGO PaaS - Galaxy
automatic d

Cloud Providers - ReCaS-Bari
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Laniakea architecture

Access to
Deployed services

¢ Authentication (IAM)
« Instance configuration
* Galaxy customization

Laniakea Dashboard

\

J

f\.u ter
VJPY

£ studio
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Dashboard - User friendly
access to configure and launch
a Galaxy instance

INDIGO PaaS - Galaxy
automatic d

Cloud Providers - ReCaS-Bari
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Laniakea architecture elixir

ITALY
! Configure “ =" == E mﬂ::ﬁ;ﬂ?fﬂ:‘?"ard
instance « Instance configuration
¢ Galaxy customization
User
gL e Dashboard - User friendly
( ) access to configure and launch
{(2) Paas } a Galaxy instance
INDIGO - DataCloud Layer
Accessto  \_ l J automatic deployment
Deployed services

e Cloud Providers - ReCaS-Bairi

OS images

[l w
openstack. °

/ l \\AA jupyter

Y- Galoxy NS
IRIDA Studic 5
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User L alaxy customization
9 e Dashboard - User friendly
access to configure and launch
{(2) I'_’:;esr } a Galaxy instance
5 II-\cczssto_ ‘ automatic deployment
eployed services
4 A e Cloud Providers - ReCaS-Bari
(- : ——
openstack. - ™
NS
Z AN e Jjupyter

P cai N
IRIDA Studio 10




Isolated environment features elixir
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Storage Encryption - Data privacy is provided
through encryption “on-demand”.

Deployments under Private Network -
Automatic deployments of virtual
environments on private networks.

(2) OPENVP

11
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Laniakea encryption
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Laniakea encryption elixir

ITALY

The user data privacy is granted through LUKS storage encryption as a service: the encryption procedure is
automated in order to simplify the user experience, each user can encrypt storage on-demand, using a strong
random alphanumerical passphrase.

This has been achieved integrating the Dashboard and the key management system Hashicorp Vault
(vaultproject.io) to store encryption keys, which are shown in the Laniakea Dashboard only if explicitly requested by

the user.

Vault is a tool for securely accessing “secrets”. A secret is everything you want to tightly control access to, such as
encryption passphrases and user creds.

13



User perspective elixir
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eliir  Laniakea Dashboard Deployments

Galaxy

LUKS passphrase
Description: Deploy Galaxy on a single Virtual Machine from a VM image (FAST). The basic configuration includes CentOS 7, the selected
Galaxy flavour, companion software and reference data. Configure, click on the *Submit’ button, wait for the confirmation e-mail(s) and log oy
in to your new Galaxy instance. If after some hours you do not receive any e-mail please be sure to check your SPAM BOX. S10f2CMEYC74PwzveEZoGXNUHIC3047XLgOE7SOF! b‘

Deployment description Close

description

Virtual hardware Galaxy Advanced

Instance flavour

Medium (2 cpu, 4 GB RAM. 20 GB dsk)
CPUs, memory size (RAM), root disk size
Storage volume size

50 GB
Select storage size

Enable encryption

Encrypt instance external storage

-

The user can enable the storage encryption using a switch toggle in the Instance “Virtual hardware”
configuration tab.

The procedure is completely automated.

The storage is encrypted and the User can retrieve his random passphrase from the Instance overview

age.
bad 14



The underlying infrastructure eliir

LUKS - Linux Unified Kernel Setup

Without encryption With encryption
A python package (pyLUKS) is used to encrypt the storage using a IRIDA & docker IRIDA @ docker
random passphrase and then store it on Hashicorp Vault. ™ Jupyter @¥studio ™ Jupyter €¥studio
The encryption layer sits between the physical disk and the file
system.
Galaxy, or any other application, is unaware of storage encryption. Floeystam Filoeyaters
Galaxy exploits a specific mount point in order to store and retrieve i
files. Files are encrypted when stored to disk and decrypted when LUK encryEiion
read. I
Device Driver Device Driver
Default encryption algorithm: I I
® aes-xts-plain64 encryption —_— —
Drive Drive

e 256 bit key
® sha2s6 as hash algorithm used for key derivation.
15



The underlying infrastructure

To evaluate the impact of the storage encryption layer on the
performance of the main application supported by Laniakea, i.e.,
Galaxy, we measured jobs runtime and read/write speed on Virtual
Machines generated by the Laniakea@ReCa$S data center with and
without storage encryption.

The impact on the performance of using the encryption layer, as
measured in all our tests, is limited to ~5% or less across all the
measured parameters and conditions.
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The underlying infrastructure

8. Retrieve and use the encryption
‘stphraSe from Vault whenever needed.
T —

User
1. Authenticate to
Laniakea, o e — 7. Access and read the
instantiate Galaxy encryption passhrase from
with encrypted Vault using user credentials LANIAKEA .
storage 5. Storage encryption:
3. Provide the 4 m/' ™ ¢ Generate a random
one-time token [ £ = encryption passphrase
u * Encrypt and unlock the
= 2. Request a new 6. Log in to Vault using the storage_volume using the
one-time token one-time token and store encryption passphrase
" HashiCorp : LUKS e F t th I
Laniakea Dashboard the encryption passphrase. i ormat the volume
+ Authentication Vault Scrlpt

* Instance configuration
« Galaxy customisation
+ Encrypted instance management

Orchestrator
and
Infrastructure
INDIGO - DataCloud ~ Manager

4. Pass the one-time token over to the
new Galaxy virtual machine

(*) Tokens are the core method for authentication within Vault. After the authentication on the
Laniakea Dashboard, tokens are dynamically generated based with a specific policy allows to
write/read/update secrets.

elixir
User Authentication. ke
A short lived, write only token,
usable only once, is delivered to the
Laniakea encryption script on the VM.
There’'s no update policy: this token
can’t overwrite other passphrases for
security reasons.
The Storage volume is encrypted by
Laniakea pyLUKS package.
The passphrase is sent to Vault by
Laniakea pyLUKS.
After the instance has Dbeen
successfully deployed the user can
retrieve his password through the
Dashboard.
The user reads the password on the

Dashboard. 17
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Deployments under VPN
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Deployments under VPN elixir
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!,lll":‘
P\
varZx

VPN isolated environments -

Automatic deployments of virtual

environments on private networks. Configure \
instance Access

Isolation is reached using Tenant and Instance

security groups properties, granting = \

52

the access only through VPN Bean g
authentication. = ol — N
: : . ( INDIGO ) Deploy ), Jump i g StUdlo
User authentication to the VPN using L(% Pas J — — | ‘host 2
INDIGO - DotaCloud Srehuimme InStance 0@ OGSS
the same Laniakea credentials. "y
Private Tenant

19



Deployments under VPN

The VPN is based on OpenVPN, with clients and server are configured to use TPC protocol.

We have developed a PAM plugin to enable authentication through OpenID Connect, exploiting Oauth2

device flow:

1. the user connects to the VPN server using an OpenVPN client

2. PAMis configured to send verification code by mail to the user.

3. theuser can authenticate with its own Laniakea credentials.

4. the OIDC provider (INDIGO-IAM) sends the access token to the VPN server, that is now able to verify

users identity and authorizations.

5. if the user owns the right tenant permissions, he is granted access to the private network and can
finally interact with the deployed application

Your device VPN Client VPN Tunnel VPN server Tentant private network

20



Conclusions

The storage encryption procedure has been extended to allow also users’
credentials customisation for many applications.

Data are still potentially exposed to attacks against the VM itself, where Galaxy
or other applications need to consume them. To tackle this, we are working to
provide Laniakea's users with the possibility to hide deployed applications
beyond a Virtual Private Network, achieving even more robust isolation of the
research environment.

These approaches can help promoting the adoption of the on-demand model
for Life Science and biomedical applications, making compute infrastructures

more readily available to potential users even in the case of tight requirements
for data protection.

8. Access the
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3. Request a new
one-time token.
1. Authenticates 4. Provide the
to Laniakea and = one-time token
r

B VAT

IRIDA
. upyter Studio

&

ser
7
Configure

instance Access

eeeee

nnnnnnnnnnnnnnn

— Studie

Private Tenant
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Thanks for your attention

CONTACTS:
Graziano Pesole (ELIXIR-ITALY Head of Node) g.pesole@ibiom.cnr.it
Federico Zambelli (ELIXIR-ITALY technical coordinator) federico.zambelli@unimi.it
Giacinto Donvito (Compute platform ELIXIR-ITALY) giacinto.donvito@ba.infn.it
Nadina Foggetti (Legal expert) nadina.foggetti@ba.infn.it
Marica Antonacci (PaaS developer) marica.antonacci@ba.infn.it

Marco Antonio Tangaro (Laniakea chief developer) ma.tangaro@ibiom.cnr.it
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Data

Data growth at EMBL-EBI by data resource
1E+17

ws=/ArrayExpress
wasEGA
1E+16 | wemENA
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1E+15 | ===PDBe

Metabolights
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Data volume growing not only in quantity but
also on variety!

Data growth at EMBL-EBI Source: Charles E. Cook et al. Nucl.
Acids Res. 2020; Volume 48, Issue D1, Pages D17-D23
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Genomic data are
distributed across
several sequencing
centres and/or IT

infrastructures

Discipline

Data size

# devices

HEP-LHC

15PB/year

1

Astronomy

15PB/year

several

Genomics

0.4TB/genom
e

>1000

24



Tools

4 Data packaging co — -bash —127x34
4 marco — -bash — 127x34 e anameoalyiaT.
MacBook-Pro-di-Marco:~ marco$ perl /export/VINYL-Galaxy/optimizer/cptimizer_genetic.pl -FileR fileR -FileC fileC -eQTL /ex NANEIISETNINSINININ
port/galaxy/database/files/008/dataset_S544.dat -similard /export/galaxy/database/files/@00/dataset_543.dat -disease _cardiomy g t
__dilated_pd__hypertrophic -lgenes /export/galaxy/database/files/009/dataset_549.dot -keywords /export/galaxy/d P . , "
atabase/files/000/dataset_542.dat -effects /export/galaxy/datobase/files/000/dataset_S41.dat _ -disease_clinvar 1.0:20.0 G 2ated ki hia analysle, cowrloadTha fie"CEEBRI10 FINN. I Eealabll collnd from
re,AF 1.8:20.8 —sccre functional 1.0:20.0 -score NS 1.0:20.0 -score_nIND 1.0:20.0 -AF 0.0001 -scoreeQTL 1.0:20.0 Jp3/Mwww.ncbi.nim.nih.govigeo/download/?acc 63310&format=file, and extract the relevant
.0 -score .0 -scoreGN 1,0:20.0 -scoreR 1.0:20.0 -scoreM 1.0:20.0 -scoreSP 1.0:20.0 -nind 4 -AD T from this archive. The code below will do this, or you can do this step manually and then move
Hle /axport/gqlaxy/oa(ubase/hlas/m/dctuse( 863.dat  2>>/export/galaxy/database/files/000/dataset_862.dat

vt an i e
rarre 308 “uroche 3.0 -recolF1e KATPVT CATCAASOUTRrecs . el srenchsPite

1 <- "https://ww.ncbi.nln.nih.gov/geo/donnload/?acc~GSE63310&format~File
ils::download. file(url, destfiles"GSE63310_RAN.tar", mode="wb") °

§: :untar("GSE63310_RAW. tar”, exdir = ".")
B § < C("GSMIS45535.10.6_5_11.txt", "GSMI545536.9_6.5. o
R 1545539 INMSB-2. txt", "GSMISASS40_IMSB-3. txt” , GSMISASSA1_ WSt

by
| ex S0TmuT_SONTIE2

45542_JMS8-5. txt", "GSM1545544_IMS9-P7c.txt", 45545_JMS|
in paste(files, ".gz", sep=""))
D) LSSULCMCANET e 4 OuaPots+ el S+ Dea Tl ol + D
L '
ONASeq Algnment Command Line Parameters

frodction Nots that version
improvement

ASTQS WITH BIOBAMEAM - BIOBAMBAM2 2.0.54

Data Procossing Steps u SECCNOARY, SUPPLENENTARY \

Pre-Afgrment

® marco — vim —127x34
MacBook-Pro-di -Marco:~ marco$ . /bontie2 -1 C52.1.fasta, (5.1, ostq -2 C52.2. fastq, C55.2. fostq -5 CS255..sam
o7

sce is assoctated with each sample. This information is
gropeuia0e 31,1 smimands to demutplex the sequences (the demux emp-
rreadgroupsutt1x02=_o2.19.92 \ £oded according 1o the Essth Microbiome Project protocol
rreadgroupsuttixs=_s. a. ntain the demultiplexed sequences. The 8000nd Output
16306 (100.08%) were paired; of these - \ e e darsMiplesec osupnces. 1 saoond U
5962 (34.91%) aligned concordantly  times ockok-Pro-di o 1t wil not be explored in this tutorial (you can visualize
8736 (51.67%) aligned concordontly exactly 1 time ty
2268 (13.42%) aligned concordantly >1 times

: e o by 140l Placo darkiod S gmoms yawr st 1¢ s el
B s i et ¥ s o e e Tona e etiree b presi 4 b o o3 Bkt et e by o et
370, 19,828 atigned dkscordoncly 1 4o —
- v T aseress
B e T e p—
g ot A o e st et (e carens (lr wl b s

o) aligned ¢ tis istfile « nomes> specifies o file containing o list of fil AL files need der

700 aligned exocly 1 tise

70 chignd o1 sims g o WST e r f the v coins. Pl et o i nd il

: oy ol

ails demux-details

.qza

Output artifacts:

Overall time: 00:01:15 (not strictly required) options are as follows
o denux-details.qza: view | downiosd
eme of o tamporary diractory. AL ntarsedote files ore sovd thee. Onfalts to lign. mp o
eon <1/ 6T, trpdir 15 delete. Otherwise it is not
refile <l name of the reference penoee File. Defaults o the name of the reference assesbly of the SAKS-G

.qza : view | download

Aftor demultplexing, it's useful to generate a summary of the demultiplexing results. This allows you to dtermine how many.
in Genbank, Do not change uless you have a very valid resson sequences were obtained per sample, and aiso 1o get a summavry of the distibution of sequence ualties at each postion
SSOUTPUT PARAETERS, your sequence data.

ot <cname>> Name of the outout file. Defoults to ALTGLoUE. tsv qiize demux summarize \ -
1-a

EweLES e
~-o-visualization demux.qav

fasta (apollo. fo):
it pallo.fa

fasta files from the current folder.
S --suffix fosta

eli xir
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The command line is the

standard way to use most

ioinformatics tools:

- Plenty of parameters

- Multiple input and output
data and formats

- Reference data

- Need to run multiple times

- Need to change the
parameters for each run

Workflows involve more than
one tools!

Tools are usually manually
installed.

25



GDPR

The GDPR explicitly recognizes the
sensitive nature of the collected
genetic data (Article 9), but at the
same time permits sensitive genetic
data processing for scientific
research purposes (Article 89(1)),
provided this is allowed by EU or
Member States law framework and
appropriate safeguards measures
are in place.

26



= Galaxy

PROJECT

Galaxy BioHackathon 2020

Tools w oL
search tools o
test

SPAdes genome assembler for regular
and single-cell projects

Trimmomatic flexible read trimming
tool for lllumina NGS data

PopPUNK (cluster) Cluster bacterial
genomes

Trim Galore! Quality and adapter
trimmer of reads

MentaLiST MLST Analysis
MentaLiST Distance Matrix
MentaLiST Tree

Convert, Merge, Randomize BAM
datasets and perform other
transformations

Bowtie2 - map reads against reference
genome

Map with Bowtie for lllumina
FastQC Read Quality reports
WORKFLOWS
All workflows
<

Analyze Data Workflow Visualize ¥ Shared Data ¥ Admin

Bowtie2 - map reads against reference genome (Galaxy Version 2.3.4.3+galaxy0)

Is this single or paired library
Single-end
FASTA/Q file
(] 18] |B=] No fastgsanger, fastgsanger.gz, fastgsanger.bz2 or fasta dataset available.

Must be of datatype "fastgsanger" or "fasta"

Write unaligned reads (in fastq format) to separate file(s)

Yes No

--un/--un-conc (possibly with -gz or -bz2); This triggers --un parameter for single reads and --un-conc for paired reads

Write aligned reads (in fastq format) to separate file(s)
Yes  No
--al/--al-conc (possibly with -gz or -bz2); This triggers --al parameter for single reads and --al-conc for paired reads
Will you select a reference genome from your history or use a built-in index?
Use a built-in genome index

Built-ins were indexed using default options. See “Indexes" section of help below
Select reference genome
A. mellifera 04 Nov 2010 (Amel_4.5/apiMel4) (apiMel4)
If your genome of interest is not listed, contact the Galaxy team

Set read groups information?

¥ Favorite ~ Options

History c+me
search datasets 9 0

Unnamed history

1shown

1.83 MB ®e

1: Bowtie2 on data 4: align ® 4 %X
ments

1.8 MB
format: bam, database: sacCer3

Job 'galaxy-chronos-275' finished
successfully

25000 reads; of these:

25000 (100.00%) were unpaired; of
these:

24999 (100.00%) aligned 0 times

0 (0.00%) aligned exactly 1 time

1 (0.00%) aligned >1 times

0.00% overall alignment rate
[bam_sor

BOw? »e

display at UCSC main test
display with IGV local
display in IGB View

Binary bam alignments file

elixir

ITALY

Tools graphical user interface.
Input and output data
management.

Output visualization.

Data and analysis parameters
sharing.

Used tools and parameters
configuration always available ->
analysis reproducibility.
Reference data already available
for many tools.

27
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= Galaxy / SARS-Co!

Tools. COVID-19 - Genomics [1] Read pre-processing with download

o Details
O # Fier SAM o BA, culpul SAM @1 % Eait Workflow Atiributes
oreau
Name
i b oA o BA e o il
s B bt ox A oo e COVID-1- Genamis 1] Read pr processing
Enen & Ouput algrments cvriaping he it dwriosd
sensoata e ke
Collection Operations s A ¢ A, oot SN |
i 840 o iput dtases b (s, Versien(, 17 sap acve)

Lit.Over s

Text Manipulation

§ Resuts 1> Outputoffastp
Convert Formats

MUHOC on input dtasets): Stats

Fier and Sort = e — oms
: MO on iput citacto): Viskpage
Join, Subtract and Group. Pairend data (fasterg-dump) * (e . ‘Seloct SAWBAM dataset o dataset Annotation  Notes:
Pk e wSoiices s e colecion § PR A
Operate on Genomic Intervals. Other data fstora-durmp) # tast: Trnmed Ihmna Reats @1 MergeSamFies oa nput datasel(s) sanolations are avaisble wher
Vergod BAN dtase (bam) ooy
Statitics fasor o g ) (OSelct ar cfsctint) v
GraphiDisplay Data fosy o ot dtase Paredand |
Phenotype Association b ar T
o fasp on nput dtasac Read 1
o>
Workflows [DListof ONT. ax fastp on input dataset(s): Read 2 input dataset(s) converted to
accessions. FONTdata. ax outputs. fastgsanger gz (nonspecific) (fasta)
= = s sneon fastp on put dtasas: HTML reprt inpit dataots) comridto
hmi) fastgsanger.gz (READ1) (fasta) -
Paand data fasrc mp)
: . fasp on gt sson inpt datsos) comrid o
gleand dta (st imo) i
(oo e asange gz (READ?)
Otherdta st ump) ——

inpt datasets) converiedto
fastergdumpog (0) Vap wih BWA-MEM on input ek . Srgetom) ()

nput datasets) convertedto

report (miC) fastgsanger g2 (fasa)

foemat) (bam)
NanoPlot on nput datases):

inpt datasets) converid to
Nanostats (bt)3

fastgsanger gz (1stndex) fasta)

NanoPlt on nput datase(s): 77| oot dtase redto
NanoStats post ering () f

)
ff fasiasangerg2 (2nd index)(asta)
s

€ Seloct SAWBAM dataset ordatasel
colecion

NanoPloton nput datase(s):
Histogram Read Length (903, svg)C

input datassi(s) converted o

Merged BAM datasat (bam) s FEATT) 56}

NanoPiot onnput datasets) Log
Transformad Histogeam Read Langth
(png. sv9)0>

input dataset(s) converted o
fasigsanger gz (READ?) fasta)

¢ Output aignments overlapping the
tegions n the BED fie
1 8 " input dataset(s) converted o
Fillr SAM or BAVL output SAM or astqsanger gz (singltons) fasta)
BAM on input dataset): bam (sam,

bam)

input dtasei(s) converted o
fasgsanger g2 (fasta)

input dataset(s) converted o
fastgsanger g (1stndex) fsta)

#FasaC

input dataset(s) converted o
fastqsanger g2 (2nd index)(ast)

istory

CSelect fastg datasat

Contaminart st Map vith minimag2 on npu daasels)
Adapterist (magped reads i BAM format) (bam.
abiar, cram))
+ o st =
= FasiOC oninput daaseds): Webpage
s #Maioc ax >

eli xir

alaxy Workflow Editor

ITALY

Graphical user interface to easily add,

connect and configure tools for
composing workflows.
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Analyze Data Workflow Visualize ¥ Shared Data~ Admin Help~ User~

Galaxy version 20.05
bowtie2
Server
Data Types © search Al O Installed Only
Data Tables 6035 repositories available at https://toolshed.g2.bx.psu.edu/ v
Display Applications
Name Owner Downloaded Updated
Jobs
Workflow Invocations bowtie2 devteam today
Local Data Bowtie2: Fast and sensitive read alignment
User Management
Users Bowtie is an ultrafast and memory-efficient tool for aligning sequencing reads to long reference sequences. It is particularly good at aligning reads of about 50 up
Groups t0 100s or 1,000s of characters to relatively long (e.g. mammalian) genomes. Bowtie 2 supports gapped, local, and paired-end alignment modes. Bowtie 2 outputs
o alignments in SAM format, enabling interoperation with a large number of other tools.
oles
Show additional details and dependencies.
Forms
Tool Management Revision Tools and Versions Requires Tests
Install and Uninstall
VeI 25 bowtie2 2.3.4.3+galaxy0 +18.01
Manage Whitelist
Manage Dependencies 24 bowtie2 2343 +18.01
Manage Dependencies (legacy)
View Lineage 23 bowtie2 2342 +18.01
View Migration Stages
View Error Logs 7 bowtie2 2344 +17.01

javascript:void(0)

elixir

ITALY

Galaxy ToolShed

Serves as an "app store" to all
Galaxies worldwide.

It is a free service Galaxy developers
to share tools.

Galaxy Administrator can install tools
on their instances.

All Galaxy users can access to the
tools available on a server.
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Allowing the community to move from command line tools to web user interfaces.

® © ® _includes— galaxy@mm-ip-test:~/biomas wrapper — ssh -i ~/cloud.key galaxy@90.147.170.18

root@vnode-0~ — -b... ubuntu@workspace-n.. .. fseventwa.ICOLOR=1 ...  galaxy@mm-ip-test:~...

on.path.reslonthles.path.foin(es.getend(), os.pthdirnsnel _ile_)))

Parser add-srgumer

Galaxy BioHackath

Tools v &
search tools Q
test

‘SPAdes genome assembler for regular
and single-cell projects

Trimmomatic flexible read trimming
tool for lllumina NGS data
PopPUNK (cluster) Cluster bacterial
genomes

Trim Galore! Quality and adapter
trimmer of reads

lentaLiST MLST Analysis

MentaLiST Distance Matrix

Allowing multiple users to exploit

reproducibility.

MentaLiST Tree

Convert, Merge, Randomize BAM
datasets and perform other
transformations

Bowtie2 - map reads against reference
genome

Map with Bowtie for lllumina
FastQC Read Quality reports
WORKFLOWS
All workflows
<

Analyze Data Workflow ~ Shared Data~ Admin Help~ User~
History &+
Bowtie2 - map reads against reference genome (Galaxy Version 2.3.4.3+galaxy0) % Favorite ~ Options
search datasets
Is this single or paired library Unnamed history

Single-end ~ 1 shown
FASTA/Q file 1.83 MB

I3) o b= No fastgsanger, fastgsanger.gz, fastgsanger.bz2 or fasta dataset available. v =]

1: Bowtie2 on data 4: align @
Must be of datatype "fastgsanger" or "fasta" -~

Write unaligned reads (in fastq format) to separate file(s) 1.8 MB

Yes  No format: bam, database: sacCer3

--un/--un-conc (possibly with -gz or -bz2); This triggers --un parameter for single reads and --un-conc for paired reads

P . 4 successfully
Write aligned reads (in fastq format) to separate file(s)

25000 reads; of these:

25000 (100.00%) were unpaired;
these:

24999 (100.00%) aligned 0 times
0 (0.00%) aligned exactly 1 time
1(0.00%) aligned >1 times

Yes  No

--al/--al-conc (possibly with -gz or -bz2); This triggers --al parameter for single reads and --al-conc for paired reads

Will you select a reference genome from your history or use a built-in index?

Use a built-in genome index bd 0.00% overall alignment rate
[bam_sor
Built-ins were indexed using default options. See “Indexes" section of help below
BO&w ?

Select reference genome
display at UCSC main test
display with IGV local
display in IGB View

A. mellifera 04 Nov 2010 (Amel_4.5/apiMel4) (apiMel4) -

If your genome of interest is not listed, contact the Galaxy team

Set read groups information? Binary bam alignments file

o

(2] x]

L X

& x

Job 'galaxy-chronos-275' finished

of

®e

homogenous

software environments, enhancin

g
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ITALY

nza,
ENEA Université

ELIXIR-Italy partners are actively involved in the @ @ . . g:sgi'gt?

ccccccccccc

service development and/or also contribute with cloud @ @

reSOUrceS- o gil;dilano

A Laniakea service is in production for ELIXIR-ITALY
partner but also for ELIXIR and external users.

The ELIXIR-ITALY Laniakea@ReCa$ Call offers access
to Cloud resources to be used for the deployment of
on-demand Galaxy instances.

/ Universita
di Bari

https://laniakea-elixir-it.github.io/laniakea at recas
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Laniakea

etyir Laniakea Dashboard Deployments Users Documentation

Most used
Galaxy
.
.
@G'P c‘."é
Galaxy o) °
All applications
Q  Search..
Galaxy Galaxy ¢ Deploy Galaxy from a VM image

Deploy Galaxy from a with cluster support (FAST). The
basic configuration includes

support (FAST). The basig
[ SR A NI VRS  CentOS 7, SLURM, the selected
$°‘ Galaxy flavo on
ro" software and reference data.

Configure, click on the "Submit"
button, wait for the confirmation
e-mail(s) and log in to your new

Galaxy cluster Gala Galaxy instance. If after some
hours you do not receive any

e-mail please be sure to check

— B your SPAM BOX.
= S —]

S e
Galaxy \)‘P Galaxy ‘y

© 2019 ELIXIR-ITALY Laniakea D
Laniaka has been developed in the framework of the INDIGO-Datacloud project funded by the European Commision H2020 research and elixir

innovation program under grant agreement RIA 653549.

Galaxy

Galaxy

V2

;iiiﬂi

- ]
Laniakea

>~ o g

The Laniakea Dashboard home
page.

Each tile provides a quick
explanation of the application
and links to the configuration
and launch section.

Soon more applications
available: Jupyter, RStudio, ...
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ITALY

Different deployment strategies:

efijir Laniakea Dashboard Deployments Users Documentation

Most used
Live Build: build Galaxy from
- ‘ scratch -> always up-to-date
Galaxy @@O‘, o°<*0

(deployment time depending by the
e tools number).

Galaxy ¢ Deploy Galaxy from a VM image Galaxy

e [ ™ Express: pre-built Galaxy images -
. Pl R basic configuration includes _— X L r U I X I >
TR 0 CentOS 7, SLURM, the] CentOS 7, SLURM, the selected
o N Galaxy fl i —
« © alaxy flavour, companion
% o software and reference data. G
o alax m
S Configure, click on the "Submit" Y a S e p Oy e n I U O O S n O

button, wait for the confirmation

e-mail(s) and log in to your new

oty cluster i jom e g always at the last available version.

e-mail please be sure to check

— B your SPAM BOX.
| O |

v"\ 4
Galaxy & Galaxy y

Docker: fast deployment of new

© 2019 ELIXIR-ITALY Laniakea

Laniaka has been developed in the framework of the INDIGO-Datacloud project funded by the European Commision H2020 research and elixir

ireen flavours.
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Laniakea

The web front-end
provides different tabs to
configure your Galaxy.

Virtual hardware: CPU,
RAM and Storage

eliyr Laniakea Dashboard Deployments

Galaxy

Description: Deploy Galaxy on a single Virtual Machine from a VM image (FAST). The basic configuration includes CentOS 7, the selected
Galaxy flavour, companion software and reference data. Configure, click on the "Submit" button, wait for the confirmation e-mail(s) and log

S

L

in to your new Galaxy instance. If after some hours you do not receive any e-mail please be sure to check your SPAM BOX.

Instance description

Instance description
Virtual hardware Galaxy

Instance flavour

Large (4 cpu, 8 GB RAM, 20 GB dsk)
CPUs, memory size (RAM), root disk size

Galaxy instance SSH public key

Leave blank this field to load your default SSH public key

Paste here your SSH public key or configure a default key

Enable encryption

Encrypt instance external storage

Storage volume size

50 GB
Select storage size

Lo [ o o]

© 2019 ELIXIR-ITALY Laniakea

Laniaka has been developed in the framework of the INDIGO-Datacloud project funded by the European Commision

H2020 research and innovation program under grant agreement RIA 653549,

elixir

ALy

-, . ‘
Laniakea
Y -———-7

eli xir

ITALY
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Laniakea

kea Dashboard Deployments

Galaxy

Description: Deploy Galaxy on a single Virtual Machine from a VM image (FAST). The basic configuration includes CentOS 7, the selected
Galaxy flavour, companion software and reference data. Configure, click on the "Submit" button, wait for the confirmation e-mail(s) and log
in to your new Galaxy instance. If after some hours you do not receive any e-mail please be sure to check your SPAM BOX.

The web front-end

Instance description

p rOVi d e S d iffe re nt ta bS to Virtual hardware  Galaxy

configure your Galaxy. |

Galaxy release 19.05 recommended
Instance description

ELIXIR-ITALY
Set Galaxy Brand

Galaxy administrator e-mail

Galaxy software: version,

Type a valid e-mail address.

credentials, flavor and :

Galaxy minimal
Load Galaxy tools preset

reference data.

usegalaxy.org Galaxy reference data CVMFS repository Y.
Select reference data repository

Lo [ o o]

© 2019 ELIXIR-ITALY Laniakea

Laniaka has been developed in the framework of the INDIGO-Datacloud project funded by the European Commision

H2020 research and innovation program under grant agreement RIA 653549
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Laniakea

efiyir Laniakea Dashboard Deployments

My deployments { 2 Refresh \

Show 10 #+ entries Search:
Instance name Status Creation time ¥ Galaxy flavour VM flavour Endpoint Actions
covid encrypt 2020-05-28 10:40:00 galaxy-minimal ad
test AAI Miguel 2020-03-3122:30:00 galaxy-minimal [ large ] http://90.147.170.140/galaxy
Showing 1 to 2 of 2 entries Previous n Next

© 2019 ELIXIR-ITALY Laniakea

Laniaka has been developed in the framework of the INDIGO-Datacloud project funded by the European Commision Eh XIr

H2020 research and innovation program under grant agreement RIA 653549. TALY

Galaxy instances management view
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Laniakea main features

Dashboard - By hiding the technical complexity behind a
user-friendly web front-end, Laniakea allows its users to
configure and deploy "on-demand” Galaxy instances with a
handful of clicks.

No need for the end user to know the underlying infrastructure.

No need for maintenance of the hardware and software
infrastructure.

Stratum 0: The canonical source
Transactional updates

Shared reference data - Each instance comes with reference data (e.g. genomic
- = sequences) already available for many species, shared among all the instances through the
' [;:%::u{ : | CERN-VMFileSystem.

Stratum 1: Multiple servers
Mirrors Stratum O server
Continuous uj pdates

-

User servers: Many multiple server:

Mounts repo from stratum 1 ala:
ased on GEO-API

ack to other

Galaxy ) Galaxy

n in || Main || Laniakea
B
With fallback

Mait

tratum 1s

v Galaxy with cluster - allowing to instantiate Galaxy with dedicated Resource Manager,

moﬂd r allowing to customize the number of the virtual nodes to be created and their configuration
U in terms of number CPU and RAM.
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Laniakea main features elixir

Galaxy flavors - Deploy Galaxy with sets of tested,
validated and pre installed tools, named Galaxy flavors.

Current available tools presets: Galaxy Minimal, Galaxy
CoVaCs, Galaxy GDC Somatic Variant, RNA Workbench,
Galaxy Epigen, Covid-1g.

_— ) More Applications - No more limited to Galaxy. Jupyter
¢ JHBYLELaus I RI DA Notebooks, RStudio and IRIDA available.

nesxc-flow Environment with Nex’FFIow, CWLtool and other
- development tools available.
y Studio g

COMMON
WORKFLOW
LANGUAGE
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Laniakea architecture elixir

ITALY
contgue, | T = imsmspeswows @ Dashboard - User friendly
l nstance " | @i, v, Gy access to configuration and and
User | 3 launch of a Galaxy instance
was [C’k) mmmmJ !N:?:ggvil::as e INDIGO-IAM - Authentication
Galaxy 0060 suins M09 | L Ggimages and Authorization system
%Q o ) C)l e INDIGO-PaaS - Paas layer for
Steroce st Galaxy deployment
Rpfd.;ta (M~ Heat/IM ) e Cloud Provider - ReCaS Bari
RN S Mula opertack' e Persistent storage with/without
oo encryption
@ [ S d;',;‘.‘;“j;,f:nt e Hashicorp Vault - secrets
~E— anagemen
| e Sy e Reference data availability with
CERN-VM FS
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Laniakea

2. Store user
application
credentials.
3. Request a new
one-time token.
1. Authenticates - 4. Provide the
to Laniakea and -— ono-time Soken
User requests with 4 HashiCorp
ooy P Vault
application
‘ 5. Pass the one-
@ ',,.s'"m time token over to
Orchestrator the new virtual
INDIGO - DotoClowd
l 6. Log in to Vault using the
» ‘ one-time token and retrieve
Laniakea user credentials.
Ansible roles -
7. Configure the requested
applications with user
custom credentials.
IRIDA
& Ascasethe " jupyter §¥studio
deployed application.

eli xir

ITALY
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Laniakea@ReCaS

Liechtenstein
. . _ . )/ Svizzes
Currently, some important Italian Institutions are using 4 o
e W wggbria 3

Laniakea for their daily work: = e
S a \éerylgp;/iaf\'
Pagde

Croazia

e |stituto Ortopedico Rizzoli (2 internal Galaxy
servers).

e Istituto Zooprofilattico Sperimentale della Puglia e
della Basilicata (2 internal Galaxy servers and 1 o
IRIDA instance). =

e Ospedale Pediatrico Giannina Gaslini (public o A
server).

e University of Milan (public Galaxy server and tools
development).

e |BIOM-CNR (public Galaxy server and tools
development).

a\i
Bosnia ed
Erzegovina

Sarag‘evo

oY
Firenze

9

Italia iy

Podgoric|
S=_ [loaropumu|

Mar Tirreno

"
. . . . % Reggio ;
e University of Turin (training) - Efisi@wc/'g_/ o
. Marsala siciia Catania
... and counting. Tunis g

ve” o
4) Google




