Application des flux de travaux en
bioinformatique
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Evolution des techniques en biologie (problématique 1)
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Figure 3 | Improvements in the rate of DNA sequencing over the past 30 Séquenceur MinlON de

years and into the future. From slab gels to capillary sequencing and Oxford Nanopore
second-generation sequencing technologies, there has been a more than a publications.nanoporetech.com/
million-fold improvement in the rate of sequence generation over this time

scale.

Stratton MR, Campbell PJ, Futreal PA. (2009) The cancer genome.
Nature. 458(7239):719-24.




Evolution de la quantité des données (problématique 2)
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EMBL-European Bioinformatics Institute (2016) EMBL-EBI annual scientific report 2015

http:/lwww.ebi.ac.uk/sites/ebi.ac.uk/files/groups/external_relations/Documents/EMBL_EBI_ASR_2015_DigitalEdition23Jul2016.pdf



Evolution des types de données (problématique 3)

Nucleotide sequence data (compressed) Genomes (all species)

Bytes store

Types de données

1. Expression (genes,
protéines,microarray)

2. Séquences (ADN,
ARN, protéines).

3. Stuctures (2D, 3D)

4. Interactions
(protéines-protein
Interactions)

Macromolecular structures Protein families motifs and domains 5. Réseaux (pathways) et

” ontologies

6. Raw data? (Geo, etc.)

Gene expression data Protein sequence data

EMBL-European Bioinformatics Institute (2016) EMBL-EBI annual scientific report 2015

\

Revue par Kashyap, H et al. (2016). Network Modeling Analysis in Health Informatics
and Bioinformatics, 5(1), 28.




Une myriade de formats (problématique 4)

o BioPortal Browse Search Mappings Recommender Annotator Resource Index Projects

EDAM bioinformatics operations, data types, formats, identifiers and topics

Summary Classes Properties Notes Mappings Widgets

Visualization Notes (0) ClassMappings (1) ¢

Jump To:

IB Diata
#- DeprecatedClass Pr

2 S Formaits bioinformatiques 2017

LEI Binary format ¥
== Format (by type of data) D 450 _
- Alignment format
- Annotated text format 3 8 8
Article format 4 O O 1
D

- Bibliographic reference format

- Biodiversity data format co 3 5 O —

Biological pathway or network format

- Biological pathway or network report format
- Chemical formula format Cr 3 O O

- Data index format h
a

Database hits (sequence) format 2 5 O —

Dirichlet distribution format ha

Document format )
Enzyme kinetics report format i " 200 1

Experiment annotation format
Gene annotation format 1 5 0 —
Gene expression report format lal 100 1 OO 90
- Graph format pr 1 OO
- HMM emission and transition counts format

pr

e . 50 | 16
protege 0 -

O O O O < O 0 = < O 8 = < O O

I
(00}

RDF
texte
xml
yaml
html
json

Ontology viewer
protege.stanford.edu/

binaire

L*El Phylogenetic tree report (tree distances) format
i | @ Protein domain classification format

http://bioportal.bioontology.org/ontologies/lEDAM?p=classes

_ http://edamontology.org/page _


http://bioportal.bioontology.org/ontologies/EDAM?p=classes
http://edamontology.org/page

L’évolution de la bioinformatique

Les méthodes, les réseaux et les données deviennent de plus en
plus importantes dans la recherche.
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Gibson TA. (2012) The roots of bioinformatics in ISMB. PL0oS Comput Biol. 8(8):e1002679.
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Turner V et al. (2014) The digital universe of opportunities:rich data and the increasing value of the
internet of things. International Data Corporation, White Paper, IDC_1672




Exemple de flux de travaux en analyse phylogenetique

I_ Download from GenBank [l] _l

Nuclear seqgs
Standardize headers [b.l]
Assembly of coding seqs (CAP3) [a.ll]

Split sequences to single genes [b.ll]

Search for orthologs (HaMStR) [a.lll]

Translate coding mt seqs from nt to aa [b.V]

Delete groups of orthologs with < 3 species [ll]

Mitochondrial segs + nuclear non-coding seqs

Meéthodes (13)

Choose longest seq per species and gene [b.IV]

Delete species with only 1 seq and
groups with < 3 species [lll]

Buts:
Réutilisation et
vérification des

résultats

Alignment (MAFFT) [IV] €=

finement of alignment (MUSCLE) [V]

Backtranslate coding mt seqs from aa to nt [VI]

Mask alignment ambiguous or highly divergent regions (ALISCORE, Gblocks, gapkiller) [VII]

Select codon positions 1 and 2 in coding mt genes [VIIl]

Select maximum clique of seqs with 2 100nt or 2 100aa overlap [IX]

Select second maximum clique from rest [X]

Ban compositional heterogeneity [XI]

Ban compositional heterogeneity from rest [XII]

Delete species with only 1 seq and
groups with < 3 species [XIII]

Logiciels ()

Check strand polarity and sequence similarity in blast2seq [b.lll]

120 000 séquences

Figure 2 Simplified phylogenetic tree of Hymenoptera inferred from GenBank saquences (tree 1 obtained from subset 1) The Tee
includes 1,142 species, The applied calor code indicates major lineages.

Une reconstruction phylogénétique par Peters et al. (2011) BMC Biology 9, 55.



Exemple d’application en 2015

What’s in my pot? Real-time species identification on the MinlON

BioArxiv doi: hitp://dx.doi.org/10.1101/030742
Sissel Juul, Fernando Izquierdo, Adam Hurst, Xiaoguang Dai, Amber Wright, Eugene Kulesha, Roger Pettett & Daniel J Turner

Abstract

Whole genome sequencing on next-generation instruments provides an unbiased way to idepfifiiibe grganismes gresent in complex metagenomic samples. However,
the time-to-result can be protracted because of fixed-time sequencing runs and cumbersomg bioinformatics workflows JThis limits the utility of the approach in settings
where rapid species identification is crucial, such as in the quality control of food-chain cgmponents, orin dunng 30 outbreak of an jnfectious disease Here we present
What's in my Pot? (WIMP), a laboratory and analysis workflow in which, starting with anjunprocessed sample, sequence data is generated and bacteria, viruseg and

3.5 hours.
application.

fungipresent in the sample are classified to subspecies and strain level in a quantitative manner, without prior knowledge of the sample composition, in approximately

his workflow relies on the combination of Oxford Nanopore Technologies' MinlON ™ sensing device with a real-time species identification bioinformatics

WIMP Bacteria Virus Fungi k24 for SQK-MAPOOS [Instance ID: 89822]

State stopped Application WIMP Bacteria Virus Fungi k24 for SQK-MAP00G
Duration 1d 20h 38m 48s Data Region eu-west-1
Started (UTC) 2015-10-26 19:55:34 Export Metadata Bcsv
Stopped (UTC) 2015-10-28 16:34:22 Bixcs
il NCBI Taxonomy (-] Y Filter by classification score (]
Thrsznais
o0 -0 0O
° TS
o0 0 0 L ] T T
t O 0.00 002 004 008 008
1 0000000 0@ seore
f e e
o000 0 0o 0 @ ¥ Filter by read count
o O
o—0—0—@ 0 34 100
O O O O O
oO—0—0—@
o oo @ 0O O
o0 0o
o @ .all What's in my Pot (> £= Selection [~
O
o—o0-—0-—0-@ 9@ Highest Score |Lowest Score Human coronavirus 229
0001300045
o0—0—O0—O0—O0—4@
o
oo o o o 0o @
NCBI Taxonomy ID: 11137
o0 -0 -0 0 0 0 @ 28501
Resds. Rank: species
o—@ ‘\ Score 0.0568
o o—e Read atthis node: 3896
O o—@ * Are angle is proportiansi to £ read count Reads ator below this node 3896
oO—0—0—@
Orece = Taxonomic lineage (NCBI) -]
QOiorepsea tiode O e O O——@) Human coronavirus 2295
superkingdom  Viruses
order — Nidovirales
family —- Coronaviridae
subfamily —— Coronavirinae




Flux de travaux: définition générale d’un workflow

Un flux de travaux est un patron de taches ordonnées pouvant
étre executées de maniere repétitive.

TreeDist CONSENSE DNADIST DNAML DNAML-
R e e e
DNAPARS NEIGHBOR PROML PRODIST RETREE SEQBOOT
(Phylip)  (Phylip) (Phylip) (Phylip) (Phylip) (Phylip)
- , . ] Inférence de
[f,. Seque‘nces EZ Alignement ]——-V 1’ arbre ® Arbre
:
1
1

/7
/7
1 /

Choix des signaux

Idée:
/ \ Avoir des piéces

orthologues? yregna interchangeables

dbFetch  EB-Eye Nebi  Ncbi eUtils SeFﬁtecnhces BioMart*
(Web EBI) (Web EBI) Download (Pubmed) ~*4'"

Schématisation de I’inférence d’un arbre phylogénétique.
Voir pour revue Philippe et al. (2011). Resolving difficult phylogenetic questions: why more
sequences are not enough. PLoS Biol. 9:e1000602




Composantes des flux de travaux et avantages

| public MultipleSegquences Convert to Protein(MultipleSequences multi, hoolean remove stop, int code number) {
Config.log("Convert to Protein()"); ,
Transglator translator=new Translator():
GeneticCode code=translator.code.get (code number); ’
MultipleSegquences newnulti= MultipleSequences () 7

newnultl, setName ("Frote "Hrulti.getName ()) 2 7
newmnulti.setNote ("Convertion of Mult Jpll:—&'.a—qna—nc—a—s‘ to Protein at "+Util.returnCurrentDatedndTime()): /’
for (biologic.Segquence s:multi.gecSequences()) { ,/
String aa="": L e e s e s s s e ks s s £ v v v e e
if (remove_stop) { .
aa=translator.translate_without stopi(s, code):
+ else {

aa=translator.translate (s, code):

1}:|1Dlogic.5equence zZ=s.clone(): COde Sou rce

s2.secId(0) ;
sZ.szetSequence (aa); el e s e e e e e e e :

mySumame

s2.setBequence_type("aa");
if (s2.geclen()==0) { myName | mySurname
Config.leg("nable to find start codon for "+s.getMame()):

} return multi; Beanshell | _._______ Té.C h es

Config.log(s2.getName () + "\t "+32 .getlen (] +" as ");

nemmilti.add(s2) myFu“Name
i
Config.log("Finizsh..."); N YA TR R .
return nevmulci; - Workflow uiipul ports .
Sy .

o]V it

Taverna Workflow System

+ Portabilité (pas de recompilation)
+ Automatisation

+Reéutilisation des composants

+ Scale-up facilité

+ Simplification de la cognition



Caractéristigues des systemes de gestion de workflows (WfMS)

» Permet /’interaction avec l'utilisateur (suggestion avec ontologie).

« Supporte la reproductibilité dans les résultats.

« Integre des services (e.g. services Web) et de logiciels hetérogenes.

« Supporte la distribution et la gestion de données hétérogenes.

« Support pour les plate-formes hautes performances.

*Permet la surveillance pendant le fonctionnement et permet la reprise méme dans
le cas d’erreurs.

*Permet une interconnexion avec d’autres systemes (e.g. de flux de travaux,
d’ordinateurs en réseau)

Lin, C,, Lu, S., Fei, X., Chebotko, A., Pai, D., Lai, Z., Fotouhi, F., et Hua, J. (2009). A
reference architecture for scientific workflow management systems and the VIEW
SOA solution. IEEE Transactions on Services Computing, 2(1), 79-92.

Woollard, D., Medvidovic, N., Gil, Y., et Mattmann, C. A. (2008). Scientific Software
as Workflows: From Discovery to Distribution. IEEE Software, 25(4), 37-43.

2018-02-20




Les plates-formes de flux de travaux en bioinformatique

Plates-formes de flux de travaux bioinformatiques

\ &

@) BLAST Search Word Size
7

Y
'/ BLAST[ASTA Query Instructions

[ )
NCBI BLAST
niBLAST

I

v BLAST Resulits
pws.JonLucka.edu

Plate- Flux de Acces au s
forme Classe travaux «nuage » Application
ey Lowle Daafor .
((}Zaolgg Web/Locale  Data-flow (Amag)lili EC2) Bioinformatique
"l;z;\(r]eor;)a serf;iocc:;l:;/ " Data-flow (mglllilD) Bioinformatique
ooy, sy G 0w Bt
Gom S ooy O O

Revue récente: Ocafia K, de Oliveira D. Parallel computing in genomic research:
advances and applications. Advances and Applications in Bioinformatics and
Chemistry : AABC. 2015;8:23-35.



Repertoire de workflows (myexperiment.org)

experiment

myExperiment makes it easy to find, use and share scientific

workflows and other Research Objects, and to build communities 1200
1000
| | [ | [Bearch
800
First time visitor? Try these videos: .
Register 600
[ Project Introduction
[ Bicinformatics Case Study Wordiom i 0 el 400
Use myExperiment to li"*“ﬂ"il‘ Username or Email:
HET e 1 200
I
gk Workflows :;““‘Z’*"’ I Passzword:
&) Workflows an Files (] v 0
S Remember me: []
2 People Or use OpenlD: QS
. l N4
£ Create Groups About myExperiment (eg: name.myopenid.com) Q'b
Join the Mailing List Q0

w

B

Forgot Password?

myExperiment Publications

For Developers
Give us Feedhack
The BioCatalogue Project

myExperiment has over 5000 members, 250 groups, 2000 workflows, 450 files and 150 packs

En 2018:
3892 workflows
~ 10 600 membres

2000 -
1600 -
1200 -
800 -
400 -

1562

566
280




Serveur Web ou Serveur Local | Langage Python et PHP | Data-flow
Données externes | Bioinformatique | Définition des outils en format XML

Options ~

FASTA manipulation
Filter and Sort

Tabular-to-FASTA 3% Megablast I
[Tab-delimited fila Compare these se quences

outputl (tabular)

output (fasta)

Multiple Alignments
Metagenomic analyses

Human Genome Variation

Genome Diversity
EMBOSS

NGS TOOLBOX BETA
NGS: OC and manipulation
NGS: Mapping

NGS: SAM Tools

NGS: Indel Analysis

NGS: Peak Calling

NGS: RNA Analysis

NGS: Picard (beta)

RGENETICS

SNP/WGA: Data; Filters
SNP/WGA: QC: LD; Plots
SNP/WGA: Statistical Models ‘

Workflow control

Details
Edit Workflow Attributes

Name:
imported: metagenomic analysis

Tags:

Le systeme de gestion de flux de travaux Galaxy (http:

7/galaxy.psu.edu)

* Les donneées sont des fichiers
* Base de données postgresq|
» Preference pour les formats de
types csv et tsv (table)

Giardine, B. et al. (2005). Galaxy: a platform for interactive large-scale genome analysis,

Genome Res.15:1451-1455.



Tools

search tools [ ]

Get Data

Upload File from your
computer

LICSC Main table browser
LICSC Archaea table browser
Bx table browser

EBT SHEA EMNA SRA

BioMart Central server
GrameneMart Central server
Flymine server

modENCODE fly server

modERNCODE modMine server

FEatrnine server
YeastMine server

modERNCODE worm server

WarmBase server
EuPathDB server
ErncodelB at MHGRI
EniGRAPH server

GenomeSpace import from
file browser

Next generation sequencing

NG5S TOOLBOX BETA

MGS: OC and manipulation

MNGS: Mapping
»2 NGS: SAM Tools

// MGS: GATK Tools (beta)
Input dataset % ’,' MGS: Variant Detection
output P NGS: Indel Analysis
& MGS: Peak Calling
MNGS: RNA Analysis

Tabular-to-FASTA 38 NGS: Picard (beta)

Tab-delimited file BEDTools

output (fasta) snpEff

Meighbor Joining Tree  §¢

Fasta file

out_filel (tabular)
out_file2 (pdf)

Exemples de flux de travaux
http://main.g2.bx.psu.edu/workflow/list_published
Serveurs publics
https://wiki.galaxyproject.org/PublicGalaxyServers



Galaxy | https://www.my

# Retrieve FASTA from NCBI
outfilename (fasta)

logfile (txt)

FFASTAWidth X

# Compute sequence length x

Compute length for these
sequences

output (tabular)

& Multi-Join x
File to join

FFASTA-to-T. ar % add additional file

Comet hese sepences ot
output (tabular)
# Concatenate datasets %
# Retrieve FASTA from NCBI %X Darasets to concatenate
outfilename (fasta) ® Dataset 1 > Select
logfile (txt) /& Compute sequence length x out_filel
Compute length for these
sequences
F sort
output (tabular)
# Multi-Join x Sort Query
FEASTAWidth X% - e R L ] Pt
File to join outfile
add additional file
output -
P # FASTA-to-Tabular % outfile
Convert these sequences
output (tabular)
\
n
o o o
1-Difficile de comprendre ies
# sort

workflows
2-Difficulté d’installation
3-Pas d’outils standards

sort Query

# Filter sequences by length %

Fasta file

output (fasta)

# Tabular-to-FASTA %

Tab-delimited file

output (fasta)

# Filter sequences by length %
Fasta file

output (fasta) & FASTA Width

F Tabular-to-FASTA X & ucLust x

uc (text) &

centroids (fasta) &®

& UCLUST
input
uc (text)

centroids (fasta)

brary to re-format

experiment.org/workflows/4921

# Concatenate datasets X
Datasets to concatenate
Dataset 1 > Select

our_filel &

FPSI-CD-HIT %

Redundant fasta file

outputl {fasta) &

outputclstr (txt) ®

outputout (Ixo)




Galaxy

5455 publications

http://www.citeulike.org/group/16008/
citeulike EE 3] s reseac ‘ e Z Ote P D e R,

Documentation  Forums  Get Involved arch for groups

" CtaULe  Group: Golaxy PSuch | Regser  Logh |

Group: Galaxy - library 4850 articles

eart Bot Son | Hide Desals

UP HAS WOVED TOZOTERO Ga Iaxv

= Galaxy

Publication library for the Galaxy

sl s st o, S Group Library . : it
Project. Contains publications that
Recently Added Ttems use, refernce, implement, and extend
Galaxy.
AddedBy  Date Modified Galaxy is 3n open, web based plarform

30/01/2018, 14:04:47 for data integration and analysis,
primarily in the life sciences.

A-GAME: improving the assembly of /01/2018, 14:04:26

pooled functional metageno...
META-pipe cloud

Want to contribute?

tup and exec

n

https://galaxyproject.org/

n Estrogen Receptor-

Mediated Signaling in t. ‘Owner:Galaxy Project
Intra-spedies variation in a widel 8.14:18:46 Registered: 2017-09-18
istributed tree spe Type: Public
Membership: Closed
n Web 18, 14:18:32

Library Access: You can only view

smparison of advanced whole genom 18, 14:18:00 ~ Lealin or Register fo join groups

sequence-based methods t. Members [1]

e Genomics Reveals Ga

Scaling up: A guide to high throughput
‘genomic approaches fo.

Predictive functional profiles using
metagenomic 165 rRNA da..

4:17:37

See all 5455 items for this group in the Group Library.

Recent Group Discussion

No recent group discussions.

https://www.zotero.org/groups/1732893/galaxy?




Galaxy (workflows imbriqués)
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Goecks J, Coraor N, Team TG, Nekrutenko A, Taylor J. =
NGS analyses by visualization with Trackster. , :
Nat Biotechnol. 2012 Nov;30(11):1036-9.




Galaxy (Amazon Cloud) et Tool Shed

€& 9 C ©) ec2-50-16-1-149.compute-1.amazonaws.com/cloud el &

Info: report bugs | wiki | screencast

- Galaxy Cloudman

amazon
webservices™

Galaxy Cloudman Console

Welcome to Galaxy Cloudman. This application will allow you to manage this cloud instance and the services provided
within. If this is your first time running this cluster, you will need to select an initial data volume size. Once the data
store is configured, default services will start and you will be able to add and remove additional services as well as
‘worker’ nodes on which jobs are run.

R omecmanh Ao el Afgan, E et al. (2012) Galaxy CloudMan:
States delivering cloud compute clusters. BMC
eles AN = o Bioinformatics. 11 Suppl 12:S4.

Turn on?
Worker status: Idle: 0 Available: 0 Requested: 0

Service status: Applications @ Data @

External Logs: Galaxy Log

= Galaxy Tool Shed

3676 valid tools on Dec 27, 2015 = =
Repositories by Category
Search
« Search for valid tools search repository name, description G a I a
= Search for workflows . o
Name Description Repositories
'Valid Galaxy Utilities T I Sh d

=i Assembly Tools for working with assemblies 70 oo e
= Tools _
= Custom datatypes ChIP-seq Teols for analyzing and manipulating ChIP-seq data. 22
= Repository dependency definitions Combinatorial Selections Tools for combinatorial selection 7

.

Tl s enns I o comptaions v htt toolshed.g2.b d
* ool dependency definitions Computational chemistry ~ Tools for use in computational chemistry 21 S . OO S e . . X . S u 0 e u
All Repositories
0 Emosnl i Convert Formats Tools for converting data formats 43
Available Actions Data Managers Utilities for Managing Galaxy's built-in data cache 23

.
= Login f it pository -
Ll e e Data Source Tools for retrieving data from external data sources 31 O u I S Se u e I I I e n e n

Epigenetics Teols for analyzing Epigenetic/Epigenomic datasets h I 7 7 t . I

Fasta Manipulation Tools for manipulating fasta data 67 p y Oge n e I q u e .

Fastg Manipulation Tools for manipulating fastqg data 51

Ww Utilities to support Genome-wide association studies 8

udy




T Galaxy Wiki Connexion | Rechercher : _

PublicGalaxyServers

--usegalaxy.org D ( )+

Public Galaxy Servers
and still counting
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Lo E Workflow4metabolomics

https://wiki.galaxyproject.org/PublicGalaxyServers



Machines Virtuelles pour Galaxy

amazon
webservices™

VirtualBox

Docker In Galaxy

base graphic credit: docker.com

getgalaxy.org

Galaxy Virtual Appliance Directory

This lists all known available Galaxy virtual appliances. The goal is to make it easy for the Galaxy community to find and deploy them, thus
benefiting from the (generous!) work of others.

(de.MBI).

Date
Appliance Technol Domains Description Owners
= loay Created /Updated
Refer?nce:enome VirtualBox WM created in 2015 so
DDBJ Read mappl::, € :ava that "Researchers may utilize the DDERI Read A tation Pineli
Annotation VM assemblyr an virtual machine image for users’ =ac Annatation HIpeling: | 2n1s
o structural and . Development team
Pipeline N sensitive datasets such as human
functional R B
) personzal genomic sequences.
annotations
Identify genome .RI“I,‘Anlﬂapper uses R.I‘JA-seq data te .
region linked to a identify both a region of the Moens Lab, Fred Hutchinson
RNAmapper VM, AMI mutation, and gensme ||nkred toa mut.atlcn as Cancer Research Center; - 2013/08/03
_ wiell as candidate mutations that Megason Lab, Harvard Medical
causal candidate
. may be causal for the phenotype of |Scheol
mutations )
interest.
MegaMapper is a computational
MegaMapper VM, AMI positi:-mal cloning of pipelir.\e for positional cloning of Megason Lab, Harvard Medical 2013/05/02
mutations mutatiens by whele genome School
seguencing.
automated detection guantitative
Automated ranking of hotspots to support David van Zessen
Selection of vM hotspot detection histopatholegists in selecting the  |<d. vanzessenderasmusmc.nl=, 2014/05/16
Hotspots (ASH) ‘hottest” hotzpot areas in Erasmus Medical Center
adrenccortical carcinoma.
UC Davis
Bioinfe ti Includ Il ded tool d s
reiniermanes am Training neluces =l nesaes e En UC Davis Bicinformatics Core | 2014/06/20
Core Training datasets for a weeklong workshop.
Galaxy
~ a set of tools for easy detection and |David van Zessen
Immunoglobulin . N s X . _
cal VM immuneglebulin guantitation of immuneglobulin «d, vanzessenderas misme, nls, 2014/08/1%
alaxy heawvy chain alternative transcripts. |Erasmus Medical Center
Contains the BALL (Biochemical Hanz-Peter Lenhof Lab, Saarland
computer aided Algerithms Library) Project tocls, University: Cliver Kohlbacher
ballaxy Docker drug design, i.e. computer aided drug design and|Lab, University of Tibingen: 2014/09/02
melecular modelling | melecular medelling based en Andreas Hildebrandt Lab,
protein and ligand structure data.  |University of Mainz
Pitagora-Galaxy| VM, AMI General Purpose Includes the tn.}uls and \.‘urk.ﬂf:n..'s Genome Sc-lencr.& Divizien, 2014/11/20
that are described at our wiki. RCAST, University of Tokyo
SADI-Gal. Make SADI i vailable i - P
) alaxy Docker Web services, RDF e services avallzble N2 kel Egafia &ranguren 2015/01/07
Container Galaxy platform.
RMNA Bicinformatics Center, part
RMA Galaxy & Docker bazed RNA-Seg of the German Network for
Docker RMNA-S 2015/02/17
Workbanch = workbench Bisinformatics Infrastructure

https://wiki.galaxyproject.org/VirtualAppliances, https://hub.docker.com/r/anhi/ballaxy/




Taverna (v2.5 et 3.0)

Serveur Web ou Serveur Local | Langage Java | Données externes
Data-flow et control-flow avec programmation | Bioinformatique

File Edit Insert View Workflows Advanced Help
BE] ISV A Y T ]
[ Desian| B3 Results [ myExperiment

Servi

ice panel Woarkfl¢

Filter: % @ ':«\ﬁOlEH]\ * GratUit / Open Source
* Requiert une liaison Internet

o e e * Requiert de la programmation (java)
. aplabservices/
» Développé par Microsoft, Apach
-} WSDL @ http:, GG, wsdl
e i e R - éveloppé par Microsoft, Apache
- | WSDL @ http: /faww. ebi.ac.uk/xembl XEMBL wsdl T L |

R

Ty e e ey | Py | u.{..'.L

e e e Y

g =

- N-Jor UPGMA
13 Workflow output parts
. ¥ Blast Report

W Distance Outfile

- Image Alignment

- W Itis a DNA or RNA sequence
W Mot Protein Sequence

- Output Tree (N or UPGMA)
W Protein Description
WV Rooted_Tree

-9 Unrooted_Tree \

e
1= Services —— ] R |
B@b\assimplwﬁer vmwmw/ I EOU Rl \“*-—- I R \ JUTURPRRTURRTUURY FETSTRPRIN
@ a i \A \ 3 ¥

cc
70 b i L ok | ko S || . e | e || Gt T i || | e | I k4

- A2 desc
A exp

—
[ | ot o B | ety e it | i Vg ks || ey ot cchua

VT T

L

- A new_direct_data
A8 new_url

-A2p

- per —

»

https://taverna.incubator.apache.org/documentation/taverna-galaxy/
Stevens, et al. (2003). myGrid: personalised bioinformatics on the information grid.
Bioinformatics, 19:i302-i304.
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Reépertoire de Services Webs / Intéegration

BoVel

ABOUT
BIOVEL

GETTING
STARTED

FOR SCIENTISTS

Is your area of research one
of these ?

o Data refinement and
preparation

o Ecological niche
modelling

WEB

APPLICATION
AREAS SERVICES

FOR MANAGERS
AND POLICY MAKERS

How can you use biodiversity
data to make the right
decisions?

See examples of case studies
using BioVel products toward

User's Docs | Portal |

YOUR OWN
ELAB SUPPORT

FOR WEB SERVICE
PROVIDERS AND
WORKFLOW DEVELOPERS

Are you looking for open-
access Web services?

Do you want to share your
services and workflows within a
high-tech community of leaders

B

CONTACT L 4

atalogue |

FOR'BIODIVERSITY-AND

Works with ...

Integrated with other myGrid tools

. experiment — workflow sharing environment for scientists
. BioCataloguea — curated catalogue of Web services

ECOSYSTENS RESEARCH

decision making in informatic expertise?

o Ecosystem functioning
o Population modelling
o Metagenomics

o Phylogenetics

Welcome to the BioVeL network
of Web services and
workflows providers!

:mart — data integration system for large scale data querying

— Web services wrapping existing command-line analysis

BioVeL programs (such as EMBOSS sequence analysis)

SADI
o ‘F‘\ — semantic Web services described using SADI

https://www.biodiversitycatalogue.org/ .
https://www.biovel.eu/ .

@ — software for statistical computing and graphics

Bi..()COﬂdUCtOF — tools for the analysis and comprehension of

OPEN SOURCE SOFTWARE FOR BIGINFORMATICS

high-throughput genomic data
* A number of third party plugins

High Performance Computing
¥ Online

Sign up fs t
Online Scientific Workflow Engine

Integrated High Performance Computing

riow sbout sloud technologies and SUPErSompUErs and... continu time-

Intégration des langages de programmation:
Python, R, Perl, Java.
Exemple de python:

s and compatence leval neaded to run high perfarmance
on the wey to HPC:

ider and go thraug!
4o install and configur numerous low-lev

screenshots of the exitor such technologies and tools as MP , batch task managers.

[e-] [
S www.myexperiment.org/workflows/2475
& - lons in & workflow is done with & powerful and nice online designer
B % adontewsytorpc. | seaseaseanes
- . most impartant toois to deal with computer clusters and clouds i ane Workflow Inputs

ation,

plsoe and delivers it via an intu

===

range_value

http://onlinehpc.com/site/main




BiodiversityCatalogue

BiodiversityCatalogue

"The Biodiversity Sciences Web Services Registry" i

Getting Started ~ AboutUs  ContactUs APl Docs

Sign up Sign in ol

& Services © Registera Service | g Service Providers | Search by Data N

& Services

&)

Registera Service {:’3} Service Providers

. Search by Data

Filtering @

Current Filters Applied

none

Select filters from below. ..

Enable tag filters

Service Types (2)

Service Categories
Taxonomy (24
Analysis
Idodeling

Geospatial

ju]

ata (26

\igualization
Publishing

Shim (2

Infrastructure
Context (2

Created By (O

synonym accepted name class classification ecology family genus kingdom order phylum

Search within results:

Displaying services 1-21 of 71 in total

Previous |1 |2 3| 4| MNext»

Lifewatch-WB ... ope REST ™

database

Prokaryotic ... e Up-to-Date ResT ™7

Categories: GFBio  Taxonomy

Categories: nons Help categorise this...

Taxonomic Name Reso

The ecotopes are delineated based on 2015
orthophotos and 20 3 LIDAR dataset. Each
polygon is then characterised...

PMU is a c ompilation of all names of Bacteria and
Arc haea which have been validly published
according to the Bacterio...

Provider: | llcon maps-elie-uclac-be

Provider: Leibniz Institute DSMZ-German Collection of
Microorganisms and Cell Cultures

BioCASe Moni ... REST ™

Webservices

GFBio Terminology Server ReEsT ™7

Categories: GFeio

Categories: Tax rsity Data Retrieva

The GFBic Terminclogy Server is a core
component of the GFBio infrastructure and allows

The BioCASe Monitor Service BMS 2.0 is a tool for
coordinators of networks of biediversity databases

Include archived?
Sort by: | Newest v
Per page: |21 v
Miew: | Grid v

DTN Taxon Lists Services REST ™7

Categories: Taxonomy

Taxonomic Mame Resolution

Taxonomic Synonym Resolution

The DWEB REST Webservice for Taxon Lists is part
of a Diversity Workbench (DWB) services network.
It is delivering bas...

Provider: SNSB

BioNet Web Services REST ™7

Categories: none Help categorise this...
BicMet Web Services will progressively make all of
the data held in BicNet open and accessible via a
standardised API...




BioVel (https://www.biovel.eu/)

Biodiversity Virtual e-Laboratory

Phvlogenetics Bayesian phvlogenetic inference worlflows are for performing phylogenetic inference for systematics and diversity research. Bayesian methods

guide selection of the evolutionary model and a post hoc validation of the inference is also made. Phylogenetic partitioning of the diversity across
samples allows study of mutual information between phylogeny and environmental variables

purl: hitp:/www.purl ox ac uk‘researchoby/myexp-370

Portal: hitps-/www portal biovel en'workflows/466

https:Samanw portal biovel eun/ workflows 549

hitps:/wanw portal. biovelew workflows 550

https:/wanw portal biovelen'workflows/'525

PDP workflow, using PhyloH for partitioning environmental sequencing data using both categorical and phyylogenetic nformation
purl: hitp:wiarw purl ox aculc'workflow myexp-3570.5

Portal: https:/Asmwnwr portal biovel en'workflows'434

hitps:/www . portal biovel ew'workflows 71

MSA-PAD workflow performs a multiple DNA sequence alignment coding for multiple/'single protein domains inveking two alignment modes:
gene and genome

Gene mode purl: hitp:/Swwnw. purl oxt ac ukc'worldflow'myexp-4549.1

Portal: hitps:/'www portal biovel en/'workflows712 (access on request)

Genome mode purl: hitp:/wanw.purl.ox.ac.ulc workflow ' myvexp-4551.1

Portal: https:/‘wivw portal biovel en'workflows 713 (access on request)

SUPERSMART (zelf-updating platform for estimating rates of speciation and migration. ages and relationships of taxa) is a pipeline analvtical
environment for large-scale phivlogenetic data mining, taxonomic name resolution. tree nference and fossil-based tree calibration

url: https:/wiww biodiversitycatalogue.org/services/ 78

Scientific studies: [44—47]

| WEeD STTVICE

Hardisty et al. (2016) BioVeL.: a virtual laboratory for data analysis and modelling in biodiversity
science and ecology. BMC Ecol. 2016 Oct 20;16(1):49. PubMed PMID: 27765035



Approche de Taverna

. Workflow Inputs

feature . | ResourcelD | BD | DZ | Flux | OutputFileType | R2 | Rss

extraFarams_|IMF B

/ ples

calculateCubeMercury _extraParams

W
; \ / non une

: [ calculateCubeMercury_input

l nom des

calculateCubeMercury

: Wnrkﬂ%« Outputs

parameters v ’

Hull et al. (200\ e -
Nucleic Acids Researcn, VoI. 34, 729-73Z.
Oinn et al. (2004) Taverna: a tool for the composition and enactment of bioinformatics

workflows. Bioinformatics. 20(17):3045-54.




Taverna

taverna / taverna-prov @Watchv 37  sStar 1 YFork 1

<> Code [ssues 2 Pull requests 0 Projects 0 Wiki Pulse Graphs
W3 Provenance WG ontology export for Taverna http://www.w3.0rg/2011/prov/wiki/Main...

LGPL-3.0

Ajout d’information sur la 1 contributor
provenance des donnees et

O nto I O i e . Latest commit 485cde9 on 21 Oct 2014
g github.com/taverna/taverna-prov

example simplified sparql 3 years ago

Command Line Tool 2.5

Taverna Command Line Tool 2.5 is basically the Taverna Workbenc h stripped of its GUI so you can run
workflows from a command prompt headlessly (i.e. without the graphical environment).

It is available in several editions. The Core edition contains services for running scientific workflows in
any domain, accessing general services such as REST or SOAP Web services and external command
line tools.

L] L] L]
Domain-specific editions (see below) add support for specific service types. Quelques Outlls blOlnfor-
L] L] L]
Enterprise Taverna is an ‘all inclusive’ edition which contains all available service types, equivalent to the t d bl
Caore edition with all official plugins included. ma lques 1Sp0n1 es

Available editions

Check system requirements before you download Taverna.

» Taverna Command Line Tool Core 2.5

+ Taverna Command Line Tool Astronomy 2.5

+ Taverna Command Line Tool Bioinformatics 2.5

» Taverna Command Line Tool Biodiversity 2.5

+ Taverna Command Line Tool Digital Preservation 2.5
+ Taverna Command Line Tool Enterprise 2.5




Service webs et Local| Langage Java| Données externes
Data-flow sans programmation | Bioinformatique

File Edit View Insest Execution Tools Window Help

Downloading..97% | Module Groupings: IS8 ’
erver Library
® (Connect to a server)

.)BLAST FASTA DB File Q)BLAST Search Word Size . BLAST FASTA Query Instructions
: isw > <

,j Execution Location Y
Q Source Directory

N

Y

.) Initializ¢

S—— : * Requiert une liaison Internet
* Universitaire (projet de recherche)
S e | [ Bioinformatique

|

eDir

mi IT| BLASTFiltering

pipeline.loni.ucla.edu



LONI Pipel

File Edit View Insert Execution Tools Window Help

rct

Search

| (X] Integratedsi

f _MAQ_SAMTooIs_Bowtie.pipe‘\ [X] MAQ_SAMtools_Bowtie_Integrated_Cranium_G.pipe \L +
Module Groupings: B

ouped Folded

|, Server Library
=1 |, cerebro-IshS.data.cluste
(- J. Modules
(- L Data
[#- J. Workflows
=} L. cranium.loni.ucla.edu
(= L. Modules
+ 1. AFNI
AR
. Automatic Registr|
.. BrainSuite09
DIRAC
Diffusion ToolKit

® Antigenic
@ Backtranseq
® Chaos

@® Chips

® Compseq
® CpG Plot
® CpG Report
® Cusp

® Cutseq

® Dan

® DbiGeG

@ Dbiflat

® Digest

@ Dottup

® Einverted
@® Etandem
® Fuzznuc
@ Fuzzpro

® Getorf

® HelixTurnHelix
© Maskfeat
© Matcher

© Needle

@® Octanol

© PatmatDB
® Pepcoil

© Pepnet

® Pepstats
© Pepwheel
® Pepwindow
© PepwindowAll
@ Polydot

® Prettyplot
® Seqret

© ShowDB
@® Showorf
® Sigcleave
@ Splitter

@ Stretcher
@ Supermatcher
® Syco

@® Tmap

© Wwater

® Wordcount
@ Wordmatch
® WossName
FSL
FreeSurfer
mK

LONI

LANT ATT b

i
&
535

< i »

ht?p://www.ccb.ucla.edu/twiki/bin/view/CCB/PipeIineWorkrows_BioinfoMAQ

-

1. Input Data & Reference

% Iﬁput Sequence Data and Reference Atlas Documentaiton: http:liwww.loni.ucla.edultwiki/bin/view/CCBIPipelineWorkflows_BioinfoMAQ

TN

i > 3. Pre-Processing z/

Complete

\‘mput‘s’équence Data Pre-Processing (Sub-Sequence Extraction)
Complete V- -\\

2 jobs in 33 sefonds v I

4. Independent

MAQ & Bowtie
Sequence Alignment’ _— \

L

)

Complete

>

A\ “Bowti¢ Indexing/Alignment !
N Complete N
: \ 3 jobs in 14:49 SAMtools Outputs
2. Process WAE Gomplete
Tools \ : / ,,,,,,, 5. Converter
Controls 7 P —
J— \ 4 Ao
{ 5 “MAQ Indexing/Alignment———®
:i Complete 9 g +9 P
H (ilave) »1 6 jobs in 8:27 _T. bzle
> e

““MAQ Tools Controls

N

Complete

5 jobs in 15:02 \ /
7

o ¢

rFryyyvyyvyy
N
\><
1
/
X
;‘b ®
1
Lk

7 6. Sequence

‘ Post-Processing

e
"SAMtools Cleaning and Post-Processing

Complete

g
'Y
\\
\
/
AT

[ X X X

/4

12 jobs in 44 seconds

“SAMtgols Controls

<

Execution Completed. (Duration: 16:01)
Show results

|= 5 sessions
&

\ 7.Results

Bowtie Outputs

-5
MAQ Outputs

»

1 Connection (g




E® Pfam-A familiy list - C:\Documents and Settings\lore26107809Mes documents\BioJeti\pfam-sibs-demoprojectimodels\Pfam_A_familiy_li... E|@|g|
File Edit Project SIB Edge Graph View Mode Extras Plugins Help

FEEICEBOICEBREl I 11 1 =Sl T IE=

Projects | SIBs | Pfam-A annotations ' Pfam-A familiy list |

it JABC Projects
E}---E- Dermo Project [ENABCrojectsiDema)

E:' (= maodels The PFarn-& Familiy list sepvice can be used ko retrieve the list of all
E\‘ Eb i Pfam-A Families in the latest PFam release,
P B countdawnxml This example demonstrates the use of the service,

- 2] TextFilexml

[Eb web-shop
B welcorme xml

4 =classpath= @

defauit—E> @ defaut——E @

oh—>

APs \Heferem:e \,ISIB Icon ' Module Viewer ‘I\ PfamaFamilyList (texd) shovw resul showr resul
SIB | Graph ' Draw | LocalChecker ' GEAR [Basic] |

“ Service Descriptions ‘

* Exploration de modeles et « model checking »

* Transformation de workflows en exécutables (Java et C++)
* Contient des structures de contréle (boucles for)

* Bioinformatique

| SN5293868311 |0 Cells selected [Tarme-ess o @] | [ [aLT | Developer [100%

http://Is5-www.cs.tu-dortmund.de/projects/biojeti/index.php




Tavaxy : lien entre Taverna et Galaxy

= Editor

Save Workflow

Execute Work flow

Close Editor

* Viewing Options

—

* Input Nodes

+ Patterns

» EMBOSS

F Sam Tools

» fastx_toolkit

F NGS Mapping Tools

* Galaxy Tools

 Taverna Tools

» Tavaxy Tools

+ LUtilities
» Cloud Utilities Abouelhoda M, Issa SA, Ghanem M. Tavaxy: integrating
] Taverna and Galaxy workflows with cloud computing support.

BMC Bioinformatics. 2012 May 4;13:77.



W Chipster 3.12.2 — — e A e s Baas « B —
File Edit View Workflow Help

fecco

To start working with Chipster, you need to load in data first. Microarrays NGS5 | Misc
Quality control

Preprocessing
Utilities
® Matching sets of genomic regions

T Open example session to get familiar with Chipster
-}

[l e - |

Dpen local session to continue working on previous

= sessions, You can also open cloud session from the * Algnment
(- Ti 7. [ ® Variants
® RMA-seq
{  Import new data te Chipster: ® Small RNA-seq
i | Import files ChIP- and DMase-seq

Impeort folder
Impeort from URL to client
Impeort from URL directly to server

® 165 rRMNA sequencing
® CMNA-seq
Single cell RMA-seq (BETA)

N [

& G [v Fit

https://chipster.github.io/chipster/
https://chipster.csc.fi



Chipster

|<F Chipster 3.12.2 =@ =% |
File Edit View Workflow Help

e

b (1 zippedFastq ! | Microarrays | NGS | Misc 2y ¥ | Show parameters B
- [&) F300_S188_L001_R1_001 fastqc.html m

- Quality control Count aligned reads per genes with HTSeq) +| Differential expression analysis using the DESeq2
g znppdeastwtar Prepracessing Count aligned reads per genes with HTSeq| || Bioconductor package. You can creste the input
4 contigs fasta.gz Utilities Count aligned reads per exons for DEXSeq | || count table and phenodata file using the tool
~E contigs. summary tsv ® Matching sets of genomic regions Count aligned reads per exons for DEXSeq | || Utilties - Define NGS experiment”. If you have mare

1 stability file.tt than two experimental groups, note that the output

® Alignment Count reads per transcripts using eXpress

=] contigs.groups (o - ransform read counts figures sum up information from all pairwise
[l log:tt comparisons,

q

- screened fasta.gz ® Small RNA-seq Differential expression using edgeR

E summary.scresned.tsv ChIP- and DNase-seq Differential expression using edgeR for mu

screened.groups © 165 rRNA sequencing Differential exon expression using DEXSeq

- unique.count_table ® CNA-seq Assemble transcripts using Cufflinks =

& unique.summary.tsv Single cell RNA-seq (BETA) Merge transcript assemblies with Cuffmer

=] unique.fasta Compare assembly to reference using Cuf

- aligned fasta.gz

] slinnerdocumman e [+ il I | More help || Show tool sourcecode |
] B Detach X

i phenodata.tsv \ | Phenodats editor
el =l

19 rows, Mon Apr 03 01:07:07 EDT 2017
(Click here to add your notes)
Created with Chipster 311.6 Spreadsheet

e 5
£ Source Code =

TOOL deseqz.R: "Differential using DESeq2” (Differential expression analysis using the DESeq? Biocon:
INEUT data.tsv: "Count table” TYPE GENERIC

INEUT META phencdata.tsv: "Phenodata file” TYEE GENERIC E
OBTIONAL de-list-deseq2.tsw -
OPTIONAL summary.txt

OBTIONAL deseqz_report.pds

OBTIONAL de-list-deseqz.bed

ER column: "Column deseribing groups” TYPE METACOLUMN_SEL DEFAULT group (Phencdats column describing the
GPTIONAL 2d_factor: "Column describing additional experimental factor” TYPE METACOLUMN SEL DEFAULT M)
PARAMETER GPTIONAL p.value. cutoff: "Cutoff for the adjusted P-value” TYPE DEGIMAL FROM 0 TO 1 DEFAULT 0.05 (The

Open in external web browser

MK 15042014, added the possibility to use DESeq? in dea-deseq R

IMS 17.06.2014, split the DESeqZ part to & separate tosl

K 1.7.2014, clarified the script before moving it to production, and fixed a bug shat dissbled DESeqZ's auto
K 5.2.2015, updated to R3.1.2, changed the MA plot, zdded summery

EMS 7.4.2015, Join pdf outpuss to one

ML 25.6.2015, Fixed some problems with Sdvectors

EK 10.2.2016, Added alpha to results()

ML 4.5.2016, Changed the direction of the comparison when more than 2 groups

ML+SS 12.10.2016, Fixed plotting & rounding and formatting when more than 2 groups

T

#eolumn <-"group”
"5

[«

[« I 0|

Connected to chipster.csc i as guest [ viewjobs || 0jobsrunning | [ Used memory 125M /800M

Kallio, M. Aleksi, Jarno T. Tuimala, Taavi Hupponen, Petri Klemel&, Massimiliano Gentile, llari Scheinin,
Mikko Koski, Janne K&ki, and Eija I. Korpelainen. "Chipster: user-friendly analysis software for
microarray and other high-throughput data.”" BMC genomics 12, no. 1 (2011): 507.




Exemple Chipster

TOOL fastx-quality-filter.R: "Filter reads for quality with FastX" (Filters out reads
which contain quality scores below the user-specified criteria. This tool is based on
the FASTQ Quality Filter tool of the FASTX package.)

INPUT reads.fastg TYPE GENERIC

OUTPUT quality-filtered.fastqg.gz

OUTPUT quality-filtered.log

PARAMETER quality: "Quality cut-off wvalue" TYPE INTEGER FROM 1 TO 100 DEFAULT 20 (What
is the minimum quality score to keep.)

PARAMETER percentage: "Minimum percent of bases that must have that quality" TYPE
INTEGER FROM 1 TO 100 DEFAULT 90 (Percent of bases in sequence that must have quality
equal to or higher than the cut-off value.)

PARAMETER quality.format: "Quality value format used" TYPE [sanger: Sanger, illuminaold:
"Illumina GA v1.3-1.5"] DEFAULT sanger (What quality encoding is used in your FASTQ
file. Select Sanger if your data comes from Illumina 1.8 or later, SOLiD or 454.)

# EK 28.6.2011

# AMS 11.3.2014, gzip fastg outputs

# check out if the file is compressed and if so unzip it

source (file.path (chipster.common.path, "zip-utils.R"))

unziplfGZipFile ("reads.fastqg")

# binary

binary <- c(file.path(chipster.tools.path, "fastx", "bin", "fastqg quality filter"))
# command

quality.scale <- ifelse(quality.format == "sanger", "-Q 33", "")

command <- paste (binary, "-v", "-q", quality, "-p", percentage, quality.scale, "-i
reads.fastg -o quality-filtered.fastqg > quality-filtered.log")

# run
system (command)
system("gzip *.fastqg")



@))) rapidminer

RapidMiner

Locale | Langage Java | Data-flow
Application en Al et Machine Learning

modmed
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it
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e
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Eile Edit Process Tools Yiew Help
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Designing and Conducting Phylogenetic Analysis and
Simulations

Etienne Lord', Mickael Leclercq’, Alix Boc®, Abdoulaye Baniré Diallo’, Vladimir Makarenkov'*

1 Département d'informatique, Université du Québec 4 Mantréal, Montréal, Canada 2 Dépantement de scences blologlques, Unhersité de Montréal, Montréal, Canada

Abstract

In this paper we introduce Amadillo v1.1, a novel workflow platform dedicated to designing and conducting phylogenetic
studies, including comprehensive simulations. A number of important phylogenetic and general bioinformatics tools have
been included in the first software release. As Amnadillo is an open-source project, it allows scientists to develop their own
modules as well as to integrate existing computer applications. Using our workflow platform, different complex
phylogenetic tasks can be modeled and presented in a single workflow without any prior knowledge of programming
techniques. The first version of Armadillo was successfully used by professors of bioinformatics at Universite du Quebec a
Montreal during graduate computational biology courses taught in 2010-11. The program and its source code are freely
available at: <http://www.bioinfo.ugam.ca/armadillo =,
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Introduction

Meanwhile, the mcreasing use of genomic and phylogenetc

Bivinformatics is a fastevoling field that encompasses

data fuels the need for pipeline managing software. For mstance,

Cicarelli et al. [9] developed an automatable procedure for




Armadillo v1.0 (adn.bioinfo.ugam.ca/armadillo)

=B Armadillo 1.0 - C:\armadillo2\trunk\armadillo\projects\doris 3. db
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(A) Une structure de control-flow (if).

(B) Differents types d’alignements de séquences.

(C) Différentes couleurs pour ajouter au processus cognitif.
(D) Exécution conditionnelle de code source Java.




Armadillo : structures de répetitions

Load Blast Database
Input

BlastDB BlastHit
Output
LocalBlast Blast
Input Output
OutputText
BlastDB BlastDB
Results
Sequence
MultipleSequences Many

Parallel section (Repetition)

Sequence
For

A

BlastHit

Blast (Web Ncbi%

Input utput

y4

+ Please select one or multiple elements...

/ ]
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ALL -
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Sequence,
MultipleSequences, Tree,
MultipleTrees, Blast,
Alignment, Genome, Text

Derniére version
github.com/armadilloUQAM/armadillo2

En développement,
exécutables sous Docker.io
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Armadillo : plusieurs applications incluses ...

Transfert horizontaux de génes .

Alignementde
séquences

-Alignement de séquences multiples
Détection de transfert horizontaux de génes
Logiciel PHYLIP
Reconstruction de séquences ancestrales
Evaluation des modéles d'évolution
Détection de la pression sélective

Inférence

phylogénétique fastDNAml PhyML

Méthodes
propres a
Armadillo

Micro-ARNs
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* Les applications sous Linux sont en cours de développement
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Démo Armadillo

Sample local BLAST

Using NSBI BLAST. This workflow create a local blast
database from the MultipleSequences and then, as a
verification BLAST the MultipleSequences against it.

Create Local BlastDB BlastDB
Input Output

. BlastDB
MultipleSequences OutputText Local Blast
Input Output
BlastDB =
X
MultipleSequences Sequence
@ y ) MultipleSequences Many

Mycobacteriophage.fasta

—Results




... et une plate-forme qui pourrait étre adaptée a d’autres domaines.

HGT

Detector  LatTrans (Nucleic ~ (Amino
(UQAM) W ) Add)  Acid)

PhyloNet - Ancesmr (" (| L

RootTree Robinson& :
{astDNAmI PhyML  (using  Bould  TrecDist CONSENSE DNADIST DNAML  DNAML-
Midbon) () (PWiP)  (Phylip) (Phylip) (Phylip)  Erate

DNAPARS NEIGHBOR PROML  PRODIST RETREE SEQBOOT  PaML PaML PaML
(Phylip) (Phylip) (Phylip) (Phylip) (Phylip) ~(Phylip) (baseml) (codeml) ~(yn00)

Sopert (e @ [PORLlE Luarl L R gul
Protein or Filter i Groi from o0 Sequences  Trees  Expression
DNA wWwWwW
. Custom Run
ave
Rename  Remove ™ split  Progra = Java
m (Code)
Create
Generate Output to o
HTML  Archaeopteryx Scriptree Rshell Daubau Downloa q Local  LocalBlast
query BlastDB

Fetch
dbetch  EB-Eye  Nebi  NebieUtils Blast
(Web EBI) (Web EBI) Download (Pubmed) Seq;:;‘“ R b Nebi

Phylogénétique

En développement
Version BeanShell

Une sélection de commandes Linux

sleep uniq

man help

top ps

let declare

printf  clear

command function

case for

nice

read

bg

set

echo

while

slocate locate df bzip2 tar gzip
paste find du sort tsort tree
cron crontab time env export kill

unset uuencode uudecode

awk/

exec | true false wget - sed
until eval more wc grep/ head
egrep
continue break less tail cat cut



Problématiques actuelles

Défis actuels 2017
(Romano, 2008) (solutions et recherches)
Abstraction limité des types de Ontologies bioinformatiques@

données

Accés programmatiques aux

données difficiles Services REST/SOAP
Mauvaises performances des WfMS Apache Hadoop, etc.

Ressources (applications) utilisables :
(app ) Ontologies? Docker?

limités
Mauvaise sémantique limite la Un langage de workflow commun:
réutilisation CWL

Difficultés a conserver les traces des . t
. Ontologies? %) i
exécutions

Romano P. (2008) Automation of in-silico data analysis processes through workflow
management systems. Brief Bioinform. 9(1):57-68



Common workflow languge : CWL

COMMON https://github.com/common-workflow-language/common-
WORKFLOW workflow-language

Arvados Project (Curoverse) cwitool (reference implementation)
Broad Institute Rabix

Cincinnati Children's Hospital
P Arvados

Galaxy Project

_ Galaxy
Harvard Chan School of Public Health

Institut Pasteur Parallel Reci peS

Oregon Health & Science University Toll
Sanger Institute CancerCollaboratory

Seven Bridges Airflow (SCIDAP) a4
Taverna

UC Santa Cruz
UC Davis

Broad Institute CWL meetup 2015-11-13.pdf



CWL

Modeled as user defined function (UDF)

Typed input / output signature

Inputs & outputs are fully specified

Tool executions are isolated from one another & from parent process
Well defined execution process

. Collect & validate inputs

. Map input file paths to locations inside container
. Build tool command line

. Build Docker invocation

. Execute

. Collect & validate outputs

Broad Institute CWL meetup 2015-11-13.pdf




CWL : SamTools (http://samtools.sourceforge.net/)

class: CommandLineTool .
cwlVersion: draft-3 File type & metadata

description: Sort by chromosomal coordinates

requirements: . .
q ) : Runtime environment
- class: DockerRequirement |

dockerPull: scidap/samtools:vl.2-216-gdffc67f ~ mrrem ™

inputs:
- id: input
type: File
inputBinding:
position: 1 Input parameters

- id: output_name
type: string
inputBinding:

position: 2

outputs:
- id: output
type: File Output parameters
outputBinding:
glob: $(inputs.output_name)

Broad Institute CWL meetup 2015-11-13.pdf

baseCommand: [samtools, sort] Executable




Existing workflow system

* https://github.com/common-workflow-language/common-workflow-

language/wiki/Existing-Workflow-systems

Metadata

Environment

Input
Parameters

Output
Parameters

Example: Grep and Count Workflow

class: Workflow
cwlVersion: v1.0

requirements:
- ¢class: ScatterFeatureRequirement

inputs:
pattern: string
infiles: File[]

outputs:
outfile:
type: File
outputSource: wc/outfile

steps:
grep:
run: grep.cwl
in:
pattern: pattern
infile: infiles
scatter: infile
out: [outfile]

wC:
run: wc.cwl
in:
infiles: grep/outfile
out: [outfile]

Workflow
Steps

https://github.com/common-workflow-language/workflows/blob/master/workflows/presentation-
demo/grep-and-count.cwl



Problematigue actuelle (2)

Problematique: une expérimentation in silico évolue et résulte
en différentes versions d’un flux de travaux.
Comment les comparer?

Tree
Algnment ‘
Y Resufts |
I; Phylip_Seq| outputtext &
"l output | Tre WD
Parallel section (Repetition) l ‘ Egnment ResUlts Tre
" Tee \
M kipksequences  Algnment 4 OutputText o
OutputText =~

mmmmmm

rrrrrrr

Lord, E., Diallo, A. B., Makarenkov, V. (2015). Classification of bioinformatics
workflows using weighted versions of partitioning and hierarchical clustering
algorithms. BMC Bioinformatics, 16(1), 68.




Differents encodages des flux de travaux

Flux de mesure de méthode de Nombre de
) — —
travaux distance regroupement groupes

Matrice binaire

’
’
2

Encoding of Type | wi w2 w3 w4 W§/v Weights for Encoding of Type | - A

7 Disperser les taches
Blast (NCBI) 0 0 0 1 O 0.35 SremillEn
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PhyML (2) 0O 0 0 o0 1 1.13
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Encoding of Type Il W1 W2 W3 W4 W5  Weights for Encoding of Type Il
Blast (NCBI) 0O 0 0 1 o 0.10
Clustalw2 010 0 1 0.10 Grouper les flux de
HGT Detector 3.2 1 1 1 0 1 1.00 - - -
Muscle Lo 0 o0 1 0.10 travaux similaires en
PROTML (Phylip) 1 0 0 0 O 0.10 fonction de mots_clés
PhyML 0o 1 1 0 2 0.10
Probcons 0 0 1 0 o 0.10
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SEQBOOT 1.0 0 0 O 010 == \fecteur de p0|ds
Seqg-Gen 0o 1 O \1 0 0.10

A Y

-

Matrice d’occurrences



Paires de taches

Differents encodages des flux de travaux

Matrice' d’occurrences

Encoding of Type Il

wi wzlw3 w4 ws

Weights for Encoding of Type Il

Disperser les taches
similaires pour des
executions plus
rapides

T == \Mecteur de temps moyens

I
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HGT Detector 3.2 1 1 1 o0 1 0.88
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Probcons—>PhyML

SEQBOOT (Phylip)>PROTML (Phylip)
Seq-Gen->Blast (NCBI)
Seg-Gen—>ClustalW2
INPUT_Sequences

INPUT_Tree

OUTPUT _Blast (NCBI)
OUTPUT_Matrix
OUTPUT_MultipleTrees
OUTPUT_OutputText

OUTPUT _Results
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Conclusions pour le regroupement par partitionnement

(a) Effet des criteres d'optimisation pour les encodages non pondérés (les deux
premiers jeux de barres) et pondérés (quatre derniers jeux de barres);
(b) Effet de la mesure de distances;

(c) Effet de I'algorithme de partitionnement appliqué;

Indice Rand

0.90 -
0.85 -
0.80 -

0.75
0.70
0.65
0.60
0.55
0.50

La distance cosine pondérée, utilisée avec I’algorithme k-medoids, I’encodage de

B Calinski-Harabasz
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(@)

Unw Unw Type Type Type Type

(A (| AV
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Indice Rand
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B Calinski-Harabasz

(b)

O Silhouette
O LogSS
-
'_L |
Cosine Euclidienne

Type | et ’indice Silhouette, montre la meilleure performance.

N.B. Les plus grandes valeurs de I’indice Rand sont les meilleures.

Indice Rand
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0.85
0.80
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k-medoids

()
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Workflow spaghetti
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Problematique actuelle (3)
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Flux de travaux
bioinformatiques

Agharbaoui,Z., Leclercq, M., Remita,M.A., Badawi, M., Lord, E., Houde,M., Danyluk, J.,
Diallo, A.B., Sarhan, F. (2015) An integrative approach to identify hexaploid wheat
miRNAome associated with development and tolerance to abiotic stress. BMC Genomics
16:339

Remita MA, Lord, E., etal. (2015) WMP: A novel comprehensive wheat miRNA database,
including related bioinformatics software.
doi: http://dx.doi.org/10.1101/024893




Exemple : Flux de travaux utilises pour annoter les sequences cibles

Création d’une banque de données de petits ARNs chez le blé.
http://wheat.bioinfo.ugam.ca/

A

Blast (SwissProt)
Qutput

Input
Sequence Blast

M MultipleSequences BlastHit BlastHit
Alignment QOutputText -

Parallel section (Repetition)

Sequence o<

For each \

Blast (NCBI)

BlastHit

Sequence Blast
MultipleSequences BlastHit OutputText
Alignment OutputText

B

GuickGO (EBI)
Input Output

Results
OutputText

BlastHit
Text

true

false

I
hits? ‘L

C

Blast (TrEMBL) - GuickGO (EBI)
put

Input Output

Sequence Blast QOutputText
BlastHit Results

MultipleSequences BlastHit BlastHit -

Alighment OutputText Text OutputText

(A) Exécution concurrente de I’algorithme de
recherche de sequences BLAST sur les
bases de données de séquences NCBI et
SwissProt.

(B) Exécution conditionnelle de la recherche
ontologique si on a des résultats en (A).

(C) Recherche par la méthode BLAST, mais
sur la base de données TReMBL et
recherche ontologique sur ces résultats, s’il
n’y a pas de résultats en (A).

QOutputText

Résultats de séquencage

[ Assemblage des pre-micro-ARNs
!
ﬂ

[ Calcul de repliement 2D (RNAFold)
[ Extraction des micro-ARNs ]

'L [

| Recherche de séquences cibles |

.

| [ Recherche de d'ontologie des génes ] [

GuickGO (EBI)
Input
BlastHit Results
Text OutputText

[ Exeécutés dans Armadilio

¥

| Extraction de groupes de séquences

Y
Recherche de séquences
par BLAST




Autres paradigmes : les langages de type Pipe

Langages Exemple Liens
foreach protein in proteinlist . .
Switf o P , http://swift-lang.org/main/
{ runBLAST (protein); }
output.txt: bin/analyse input.txt bost.ocks.org/mike/make/
GNU Make °UP in/analyse inp S
bin/analyse input.txt > output.txt www.bioinformaticszen.com

partl part2 part3: input.data

MakeFlow* , , : ccl.cse.nd.edu/software/makeflow/
split.py ./split.py input.data
val text file = spark.textFile ("hdfs://...")
val word counts =
Apache text file.flatMap (lambda line: line.split())
Spark .map (lambda word: (word, .reduceByKey (lambda http.//spark.apache.org/

a, b: atb)
val count = word counts.count ()

- Pierre Lindenbaum
- (http://plindenbaum.blogspot.ca/)
. https://github.com/lindenb/makefile2graph

Encore: une liste des workflows en bioinformatiques... [ 7
https://github.com/common-workflow-language/common-workflow=
language/wiki/Existing-Workflow-systems



%\ Apache Apex™

AN

Autres paradigmes : Big Data

Home Documentation Powered By Apex Roadmap Community Github Download

Apache Apex™

Enterprise-grade unified stream and batch processing engine.

Now with event-time windowing and high-level API.

Enterprise Grade Low Barrier-to-Entry Modular

Apex is a Hadoop YARN native platform Write your business logic and leave all The Apex platform comes with Malhar, a
that unifies stream and batch operability to the platform. It provides a library of operators (units of functionality)
processing. It processes big data in- simple API that enables developers to write that can be leveraged to quickly create non-

motion in a way that
highly performant, fg
secure, distributed, ¢

+«  processed/s

Critical Path Stream Locality  Reset Position
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Conclusions

La plate-forme Armadillo ne requiert pas de
programmation.

Elle ne nécessite pas d’applications externes et permet
le partage de workflows.

La plate-forme Armadillo pourrait étre adaptee a
d’autres domaines scientifigues.

|l reste beaucoup de recherches a effectuer dans le
domaine des flux de travaux: ontologie, dispersion des
taches, meilleure abstraction, etc.

Une meilleure intégration des services webs serait aussi
souhaitée ainsi que 1’intégration du CWL.
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