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A relevant question

= Last week, | started teaching my course
“Bioinformatics tools for genomics and proteomics”

= First lesson: comparative bacterial genomics
o Sequencing pace: number of available genomes increases exponentially.

o Annotation pace: ratio between human-reviewed (~546,238) and un-reviewed
(82,126,897) entries in Uniprot.

o Difference between model organisms (E.coli 98% reviewed entries) and the vast
majority of other organisms (almost no reviewed entry).

o Benefits and limitations of similarity-based annotation.
= A student’s question

o “Since we will never be able to run the experiments to check the function of
each protein of each of these organisms, does it make any sense to sequence
more and more genomes ?”

= This is actually an excellent question. Today we dispose of ~10,000 completely
sequenced bacterial genomes.

o  What is the added value ?



What can we learn from >10,000 bacterial genomes ?

Context-based annotation
o Gene grouping : operons, directons, syntons.
o Gene co-occurrence: phylogenetic profiles; co-occurrence networks.

®* Note: an advantage of multi-genome analyses is that we can gain knowledge not
only from the presence, but also from the absence of genes/functions/processes.

Regulation: phylogenetic footprints, prediction of co-regulation networks.

Metabolism
o Metabolic pathway inference.
o Discovery of alternative pathways (by interconnecting enzymes).
o Evolution of metabolic pathways.
Genome evolution
o Gene phylogeny (phylogenetic inference).
o Species phylogeny at a genome scale (phylogenomics).
o Gene mobility — horizontal transfers (cross-branches in the “tree” of life).
o Genomic islands.
o Genome variation (hundreds of strains for some species of interest).

In order to gain benefit of all these possibilities, we need usable tools.



Bioinformatics tools




The “Next Generation Gap”

= High-Throughput Sequencing technologies enable to produce huge amounts of
data
= This technology is now used to obtain genome-scale profiles of
o TF binding (ChIP-seq)
o Chromatin accessibilty and histone modifications (ChlP-seq)
o Expression profiles, alternative splicing (RNA-seq)
o Inter-individual variations (SNPs, Whole-genome sequencing)

a

= Quote from John D McPherson in his Nature Method commentary “The Next
Generation Gap”

o There is a growing gap between the generation of massively parallel sequencing
output and the ability to process and analyze the resulting data. New users are left to
navigate a bewildering maze of base calling, alignment, assembly and analysis tools
with often incomplete documentation and no idea how to compare and validate their
outputs. Bridging this gap is essential, or the coveted $1,000 genome will come with a
$20,000 analysis price tag.

= McPherson, J. D. (2009). Next-generation gap. Nat Methods 6, S2-5. 5



Semantic consideration: what is a bioinformatics tools ?

= Method != tool

= Every year, hundreds of bioinformatics methods are published in specialized
journals.

= How many of these methods are associated to tools, i.e. software usable by
other people than developer ?

How many of these tools are interfaced for biologists ?



Issues for development and maintenance of bioinformatics tools

= Tool accessibility to human beings
o Command-line
o Web interface (remote usage by a human being)
= Inter-operability: remote access
o Via custom libraries (e.g. Ensembl Perl API; R BioConductor)
o Web services (SOAP/WSDL, REST)
= Portability: can the tool be installed on other machines ?
o Mirroring
o Virtualization
= Documentation
o Quick help
o Detailed manuals
o Tutorials, protocols
= Tractability
o Indicate the parameters used for the analysis in output files.
= Reproducibility
o Benchmarking: run tool with test cases and check result consistency.
= Maintainability
o Software design
o Code documentation 7



How to maintain bioinformatics tools?

= What are bioinformaticians doing ?
o Bioinfo-analysts
o Bioinfo-developers
o Bioinfo-curators

=  Who develops tools
o PhD students
o Postdocs
o Permanent researchers
o Engineers

=  Who can maintain tools >3 years after publication ?
o Obsolescence of bioinformatics tools



Regulatory Sequence Analysis Tools (RSAT)

Network Analysis Tools (NeAT)




Regulatory
Sequence
Analysis
Tools

RSAT tutorial
at ECCB'14

New items a

¥ Most popular tools
retrieve sequence
retrieve EnsEMBL seq
oligo-analysis (words)

matrix-scan (quick)

> view all tools
Genomes and genes
Sequence tools
Matrix tools

Build control sets

» Motif discovery
» Pattern matching

¥ Comparative
genomics

get orthologs

footprint-discovery

¥ NGS - ChIP-seq

peak-motifs (ChIP-seq
analysis)

fetch-sequences from
ucsc

random genome
fragments

» Conversion/Utiliti

» Drawing

» SOAP Web services

RSA-tools - Tutorials

The aim of these tutorials is to give a theoretical and practical introduction to the Regulatory Sequence
Analysis Tools (RSAT) software suite. The most convenient way to follow the tutorial is to display the current
page in a separate window, and to use the tools with the current one.

(click here for opening a new window with the tutorial pages)

The RSAT home page displays two frames. The frame on the left contains a menu, presenting the available tools.
Each time you click on a tool name, the right frame displays the form for the corresponding tool.

The tools are organized in a modular way : rather than having a single form for the complete analysis, we found
it more convenient to present separate forms for the successive steps of a given analysis. A typical analysis will
thus consist in using successivbely different tools (for example sequence retrieval -> motif discovery -> pattern
matching -> feature-map). For this purpose, the tools are interconnected, allowing you to send automatically the
result of one request as input for the next request (piping). The links between tools are illustrated in the flow
chart below. An advantage of this modular organization is that you can either follow a full pipeline throught the
tools, or directly enter at any step of an analysis with external data of your own.

RSAT flow chart
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We will analyze some practical examples to get familiar with the different tools, and the way they are

intaraannan tnd

sequence analysis tools. Nucleic Acids Res 36, W119-27.

Sequence Analysis Tools. Nucleic Acids Res Web software issue 2011, in press.

User-friendly interface
o http://www.rsat.eu/
o Manuals
o Demos
Automated utilization
o Stand-alone tools
o  Web services
2854 supported organisms (Oct 2013)
o 1998 Bacteria
o 150 Archaea
o 104 Fungi
a

All EnsEMBL genomes
(via Ensembl API)

a
Tasks

o Sequence retrieval

o Pattern discovery

o Pattern matching

o Feature-map drawing
Applications

o ChIP-seq peaks

o Co-expression clusters
Phylogenetic footprints

O

Thomas-Chollier, M., Sand, O., Turatsinze, J. V., Janky, R., Defrance, M., Vervisch, E., Brohee, S. and van Helden, J. (2008). RSAT: regulatory

Thomas-Chollier, M., Defrance, M., Medina-Rivera, A., Sand, O., Herrmann, C., Thieffry, D. and van Helden, J. (2011). RSAT 2011: Regulatory



Network Analysis Tools

N B IOIOg Icall r.]etwo rk.S @) @ rsat.bigre.ulb.ac.be/rsat/index_neat.htm| & (B~ Google Q) (a] (B
o Protein interactions esar LTI
. Gene reg u |at|0n NQAT :gégf.i Network analysis tools ULB

o Metabolic pathways S

Node topology statistics

Get node neighborhood
. p p roac eS ISR Welcome to Network Analysis Tools (NeAT). This web site provides a series of modular computer programs specifically designed for the analysis of biological networks.
ndomize networ

Network Analysis Tools BiGRe Université Libre de Bruxelles

Tool Map Introduction Forum Tutorials Publications Credits Data Links Download

rp— News
. .

Format conversion /

o Path finding. R
Graph display ® In the context of the EU-funded MICROME project, focused on the annotation of bacterial i we a simplified interface for the pathway

. extraction tool, specifically adapted to discover i from sets of i y related bacterial genes (e.g. co-expression clusters, operons, syntons,
Y Path finding and synteny groups, ...).
o Clustering. =T
Recent publications

k-shortest path finding

Metabolic path finding Book: Jacques van Helden, Ariane Toussaint and Denis Thieffry (2012). Bacterial Molecular Networks. Volume in the series Methods in Molecular Biology 804 (28

o Subgraph extraction. b Syl

Pathway extraction . van Helden, J., Toussaint, A. and Thieffry, D. (2012). Bacterial molecular networks: bridging the gap between functional genomics and dynamical modelling.
(Sicoms prowtype) Methods Mol Biol 804, 1-11. [PMID 22144145]

D I ta n d Ol I I O r a Ite red ¥ Clusters 3. L Mendez, G. (2012). Reti Classification of Mosaic Microbial Genomes Using NeAT Website. Methods Mol Biol 804, 81-91. [PMID 22144149]

Compare . Faust, K. and van Helden, J. (2012). Predicting Metabolic Pathways by Sub-network Extraction. Methods Mol Biol 804, 107-30. [PMID 22144151]

classes/clusters
n etWO rkS (CO ntro | S ) - Contingency stats . Brohée, S. (2012). Using the NeAT Toolbox to Compare Networks to Networks, Clusters to Clusters, and Network to Clusters. Methods Mol Biol 804, 327-42. [PMID

22144162)

-

~

IS

w

Convert classification to
different format

o Network comparisons C—

Find cliques

o

. Faust, K., Croes, D. and van Helden, J. (2011). Prediction of i from g ale ic networks. Bi 105, 109-21. [PMID
21645586) [doi:10.1016/j.biosystems.2011.05.004]

. Faust, K., Dupont, P., Callut, J. and van Helden, J. (2010). Pathway discovery in metabolic networks by subgraph extraction. Bioinformatics 26:1211-8. [Pubmed
20228128])

~

MCL clustering 8. ... other publications

a ...

Bt This website is free and open to all users.
Map clusters onto
network

Cluster membership

Draw he
-
Y Roc curves
ROC curves and stats

Y Data
Collect data from externall

= Brohee S, Faust K, Lima-Mendez G, Sand O, servers

Janky R, Vanderstocken G, Deville Y, van Helden f:::sfm 'f"'_'""
J. 2008. NeAT: a toolbox for the analysis of specic o fom
biological networks, clusters, classes and =T o

pathways. Nucleic Acids Res 36(Web Server Nature protoco data
issue): W444-451.

= Brohee S, Faust K, Lima-Mendez G,
Vanderstocken G, van Helden J. 2008. Network
Analysis Tools: from biological networks to
clusters and pathways. Nat Protoc 3(10):
1616-1629.

For suggestions or information request, please contact :
e Sylvain Brohée (sylvain-at-bigre.ulb.ac.be)
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Conception, implementation, evaluation
and application of bioinformatics
methods for the analysis of genomes and

biomolecular networks.

Regulatory sequences

o Motif analysis algorithms (Olivier Sand , Matthieu
Defrance , Maud Vidick, Alejandra Medina-Rivera)

o Evolution of cis-acting elements in Bacteria (Rekin’s
Janky, Alejandra Medina-Rivera)

o Regulation of development in Drosophila (Jean Valéry
Turatsinze, Elodie Darbo)
Hox regulation in Vertebrates (Morgane Thomas-Chollier)
Work flows on transcriptional regulation (Olivier Sand, Eric
Vervisch)

Biomolecular networks

o Network analysis tools (Sylvain Brohée)

o Inference of metabolic pathways (Karoline Faust, Didier
Croes)

o Host-virus interaction networks (Nicolas Simonis, Leon
Juvénal Hagingambo)

o Analysis of regulatory networks (Sylvain Brohée, Rekin’s
Janky)

Mobile genetic elements in prokaryotes (Raphaél Leplae,

Gipsi Lima, Ariane Toussaint)

Modelling of dynamical systems (Didier Gonze)

e-Learning for bioinformatics (Guy Bottu)

Guy Bottu
Postddoc 12



New address (since Nov 2011)
Inserm U1090 . |
TAGC *.”,

technological advances for genomics and chnlcs

Home

Research

People

Software
TGML platform
Publications

Teaching

Contact us
Organization
Fundings
Seminars

Intranet

Thic manth's TARH




Collaborators involved in the development of the Regulatory Sequence Analysis Tools

Bruno André

(ULB, Bruxelles, Belgium)
Initiation of the RSAT project.
Conception of oligo-analysis.
Analysis of yeast regulation.

Denis Thieffry

(ENS, Paris, France)
ChlP-seq tools +
regulatory networks.

Carl Herrmann
(TAGC, Marseille, France)

ChIP-seq analysis (peak-
motifs, compare-matrices).

Elodie Darbo
(TAGC, Marseille, France)

Analysis of co-expression
clusters + ChlP-seq data
(transcription factors,
chromatin marks).

Julio Collado-Vides 4
(CCG, Cuernavaca - Mexico) 4/
Initiation of the RSAT project '

. . 40

Analysis of regulation tl_ -

in bacterial genomes & '
K/

| [
QCCG

Centro de Ciencias Genémicas

Alejandra Medina-Rivera
(CCG, Cuernavaca - Mexico)
Evaluation of matrix quality.
Phylogenetic footprints in Baceria.

Q@ CCG

Centro de Ciencias Genémicas

Lionel Spinelli
(TAGC, Marseille, France)

Development of peak-footprints.

Cei Abreu-Goodger B

(Sanger Institute, Hinxton, UK)
Evaluation of matrix quality

on bacterial regulons.

[« wellcome trust
Klsanger
institute




Regulatory Sequence Analysis (http.//rsat.eu/)

RSAT in the cloud

Institut Francais de Bioinformatique (IFB)

Jacques van Helden

Jacques.van-Helden@univ-amu.fr
Aix-Marseille Université, France
Technological Advances for Genomics and Clinics
(TAGC, INSERM Unit U1090)
http://jacques.van-helden.perso.luminy.univmed.fr/




Demo

= https://cloud.france-bioinformatique.fr/
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Interoperability

Accessing remote resources by Web services

17



The MICROSCORPE platform

= MICROSCOPE availability:
o Web interface

o Web services (SOAP/WSDL in 2013, REST since 2014)

Q Welcome guest
PN\ Lost passwors? ) il passw LOGIN -G8 SIGN UP |

Cc ti Variant
Genomic Tools omparasve Metabolism Search/Export Transcriptomics anian User Panel
Genomics Discovery

MicroScope
Microbial Genome Annotation & Analysis Platform

The Quality Management System of the LABGeM team has been certified according the ISO
9001:2008 standard in january 2012 (Loyd's Register Quality Assurance France S.A.S.). The
certification applies to LABGEM activities of research, developments and services.

@ Whatis MicroScope platform?

& What type of projects can be handled in MicroScope?
-‘. How to integrate your own data into MicroScope?
C,/ Sign up for an account?

Q Get an overview of MicroScope and its current projects?

1556 Available Organisms 130 Available Projects
Acinetobacter baumannii 6013150 AnaeroSc'ope
Acinetobacter baumannii 6014059 AnammoScope
Acinetobacter baumannii ABO057 ArsenoScope
Acinetobacter baumannii AB056 ArthroScope

Acinetobacter baumannii AB058 AzospirilluScope

¢

Latest News

MicroScope shutdown

02 September 2014
For maintenance reasons, the
Genoescope's servers will

be shutdown from Friday 5th
September 2014 17:00 (15:00 GMT)

MicroScope platform: v2.5.5
released

16 July 2014

The v255 of the platform is
released: - The management of
users access rights on sequences
has been updated. Now, access ...

Research Highlights: PALOMA -
Spot the changes that matter
during evolution...

16 July 2014

MicroScope - PALOMA
{Polymorphism Analyses in Light Of
MAssive DNA sequencing) has been
designed to use High Throughput ...

Research Highlights: TAMARA -
When Metabolomics meets
transcriptomics...

16 July 2014
We are proud toc announce the
publication in Metabolomics (1) of a
nice work done in collaboration with
our colleagues of the ...

MicroScope Professional
Trainings — 2014/2015
15 leahe 2014

18



REST clients for MICROSCOPE

= Aurélie Bergon (IR France Génomique) developed REST clients for
MICROSCOPE (python).
= Functionalities
o supported organisms
o GPR tables (gene — protein — EC — reaction)
o List of all reactions
o Organism-specific reactions
o Detailed information about a given reaction

19



REST clients for MICROSCOPE — online help

= Two-level help
o task list (python “positional arguments”
o detailed help for each task

microscope_get --help

usage: microscope_get [-h] [--version]
{reactions,reactionInfo,gpr,organisms,reactionList} ...

This program fetches data from MicroScope database
(http://www.genoscope.cns. fr/agc/microscope/), such as the 1list of supported
organisms, and their annotations (genes, transcripts, proteins, reactions),

metabolic networks.

positional arguments:
{reactions,reactionInfo,gpr,organisms,reactionList}

organisms Get information about organisms supported at
MicroScope

gpr Collect gene-EC-protein-reaction table for a selected
species.

reactionInfo Get detailed information about a given reaction

reactionlList Get reaction list for a given species

reactions Get the list of reactions supported at Microscope (all
species).

optional arguments:
-h, --help show this help message and exit
--version show program's version number and exit




http.//ensemblgenomes.org/

| Genomes | Datatypes | Dataaccess | FAQs

Ensembl Genomes: Extending Ensembl across the taxonomic space.

The genome of Melitaea cinxia, the Glanville fritillary butterfly, has fluttered
into Ensembl Metazoa. This butterfly has been the subject of a
metapopulation study in Finland for over 20 years, and the genome will
contribute to a better understanding of the ecological, genetic and
evolutionary consequences of habitat fragmentation.

The assembly and gene annotation were produced by the Glanville fritillary
butterfly genome project, based at the University of Helsinki.

e
N Orthologues, paralogues and homoeologues for hexaploid bread
wheat

» ' New pathogenic fungi and protists NEW

» €l[7: Ensembl Genomes REST service

v Future releases

Release 24 of Ensembl Genomes is scheduled for 14th October 2014 - full
details can be found here.

posted 2014-08-22

» New REST server

» server

>4 Melitaea cinxia genome NEWY

What's New in Release 23 (August 2014)
Ensembl Bacteria

Ensembl Bacteria has been updated to include the
latest versions of 15,270 genomes (15,012
bacteria and 258 archaea) from the INSDC
archives. Operon and related data from RequlonDB
has been loaded for E. coli K12 MG1655

Have a question?

Frequently Asked
Questions (FAQs) are
now available for all
domains of Ensembl
Genomes. Have a
question? Check if it's

P Variation data for bread wheat wews

been asked before! If
there is a FAQ missing,
contact us.

Ensembl Fungi

The current release of Ensembl Fungi sees the

inclusion of a number of important plant pathogen

genomes with a wide variety of hosts from pines to melons, namely
Colletotrichurn gloeosporioides, Colletotrichum higginsianum, Colletotrichurm
orbiculare, Dothistroma septosporum, Fusarium fujikuroi, Fusanum
pseudograminearum and Puccinia graminis f. sp. tritici Ug99. For the closely
related Glomerellale genomes, whole genome alignments are also provided. Data
from the latest release of PomBase has been loaded for Schizosaccharomyces
pombe, including tracks for transcriptomic data (Marguerat et al. 2012).

Ensembl Metazoa

Two new species have been added to Ensembl Metazoa: Mnemiopsis leidyi (warty
comb jelly), the first ctenophore to be sequenced; and Melitaea cinxia (Glanville
fritillary), a butterfly. The assemblies and gene sets have been updated for the
European honey bee and the American malaria mosquito, and the purple sea
urchin has gained RNA-Seq transcripts. Variation data from VectorBase has been
added for Aedes aeqypti. Finally, several species had minor updates, such as the
addition of mitochondrial chromosomes and ncRNA annotation.

Ensembl Plants

Five new plant genomes have been included in release 23 of Ensembl Plants,
ranging from the very small (Ostreococcus lucimarinus a unicellular picoplankton)
to the very delicious (Theobroma cacao the cultivated chocolate tree), including
two new genomes from the OMAP project, Leersia perrieri (a wild grass) and
Oryza rufipogon (brownbeard rice), both added in collaboration with Gramene, and
finallv. Brassira nleracea (renresenting the hrassica C aenome). which

21



Ensembl / EnsemblGenomes

Genome availabilty
EnsembGenomes version 76-23
o 11,010 “Bacteria” (actually procaryotes, incl. Bacteria + Archaea)
o 52 Metazoa
o 45 Fungi
o 33 Plants
o 29 Protists
Programmatic interfaces
o BioMart.
o Perl API (object-oriented model).
o Direct SQL access (requires to know their relational schema).
o Since June 2014: REST Web services.
o Good documentation, with examples of code in Perl, Python, java, ...

22



Demo: RSAT client to EnsemblGenomes, via Perl API

NAME
install-ensembl-genome

VERSION
$program_version

DESCRIPTION
Install on RSAT genome sequence, genomic features and (optionally)
variation features for a genome form Ensembl Chttp://www.ensembl.org/).

The connection to ensembl is ensured by a combination of their Perl API
and their ftp site (some information can not be obtained directly from
the API, e.g. the taxonomy).

AUTHORS
Jeremy.Delerce@etu.univ-amu. fr
Jacques.van-Helden@univ-amu. fr

CATEGORY
util




Demo: RSAT client to EnsemblGenomes, via Perl API

= download-ensembl-genome -available species -ensembl_genomes

install-ensembl-genome -available_species -ensembl_genomes

Acaryochloris_marina_mbicl11017 genome, features bacteria
Acetobacter_pasteurianus_ifo_3283_01 genome, features bacteria
Acetobacter_pasteurianus_ifo_3283_01_42c genome, features bacteria
Acetobacter_pasteurianus_ifo_3283_03 genome, features bacteria
Acetobacter_pasteurianus_ifo_3283_12 genome, features bacteria
Acetobacter_pasteurianus_ifo_3283_22 genome, features bacteria
bacteria

Acyrthosiphon_pisum genome, features metazoa
Aedes_aegypti  genome, features metazoa
Aegilops_tauschii genome, features plants
Albugo_laibachii genome, features protists
Amborella_trichopoda genome, features plants
Amphimedon_queenslandica genome, features metazoa
Anopheles_darlingi genome, features metazoa
Apis_mellifera genome, features metazoa
Arabidopsis_lyrata genome, features plants
Ashbya_gossypii genome, features fungi
Aspergillus_clavatus genome, features fungi
Aspergillus_flavus genome, features fungi




RSAT clients to collect GO annotations from EnsemblGenomes

= Developer: Lucas Francoise (M1 student; 2014)
= Generic tool: go_analysis

= Modularity: tasks (via python “positional arguments”)
o GO term definitions: downloading, parsing
o GO annotation (organism-specific): download, inheritance, enrichment analysis

= [wo-level help
a for the tool
o for each task

python $RSAT/python-scripts/go_analysis.py

Usage : python go_analysis.py <task> [<options>]

Command 'task' expects one argument, received zero.

List of accepted arguments:
download_go
parse_go
get_annotations
ancestor
enrichment

25



Integrating remote queries in Web tools

26



Using remote resources to flesh the tools

= Between RSAT servers
o supported-organisms-server -url http://rsat.sb-roscoff.fr/
= From RSAT to external resources
o supported-organisms-genoscope (REST Web services, python client)
o supported-organisms-galileo (REST Web services, Perl client)
o supported-organisms-ucsc (DAS server, via HTTP)
o supported-organisms-ensembl (Perl API, requires SQL port)

27



Web tools relying on ‘life” queries to remote resources

Regulatory
Sequence
Analysis
Tools

RSAT tutorial
at ECCB'14

»

»

»

¥ Most popular tools

> view all tools

¥ Doc and help
Map of the tools

New items g

retrieve sequence
retrieve EnsEMBL seq
oligo-analysis (words)

matrix-scan (quick)

Genomes and genes
Sequence tools
Matrix tools

Build control sets

Motif discovery

Pattern matching

Comparative
genomics

NGS - ChIP-seq

Conversion/Utilities

Drawing

SOAP Web services

RSA-tools - retrieve EnsEMBL sequence

Returns upstream, downstream, intronic, exonic, UTR, transcript, mRNA, CDS or gene sequences
for a list of genes from the EnsEMBL database.
Multi-genome queries are supported: automatic retrieval of sequences for all the orthologs of the
query genes, at a given taxonomical level.

Program developed by Olivier Sand with the help of Morgane Thomas-Chollier

Remark: If you want to retrieve seq from an or that is not in the EnsEMBL database,

you can use the retrieve-seq program instead

Query organism | Homo sapiens 4| EnsEMBL database version: 76

Mus musculus
Mustela putorius_furo
Myotis lucifugus
Nomascus leucogenys
Ochotona princeps

' Oreochromis niloticus
Ornithorhynchus anatinus
Oryctolagus cuniculus
Oryzias latipes

Gene, transcript Otolemur garnettii
[ Ovis aries

(®) single organ

Multiple orgi bgy type orthologs B

Taxon

(Can be time-¢

Papio anubis

Pelodiscus sinensis

Petromyzon marinus

Poecilia formosa

Pongo abelii

Pongo pygmaeus

N¢ Procavia capensis
Pteropus vampyrus

Upload gene list fri

Browse...

= Pros

o Simplicity: no need to install
local copy of each resource.

o Storage economy.

o Always serves up-to-date
data (no need to update
local versions).

= Cons

o Dependency on availability
of the remote resource.

o Does not work in the train
from Marseille to Paris.

Type of sequer

Sequence type

upstream/downstrea

RSA-tools - retrieve EnsEMBL sequence

() Mask repeats (on

with annotated repeat| Regulatory

() Mask coding sequ Sequence
() Avoid redundant Analysis
= Tools

alternative transcripts]
Organism name in seqj

RSAT tutorial

scientific  + at ECCB'14

New items u

¥ Most popular tools

retrieve sequence
retrieve EnsEMBL seq

oligo-analysis (words)

matrix-scan (auick)

Returns upstream, downstream, intronic, exonic, UTR, transcript, mRNA, CDS or gene sequences
for a list of genes from the EnsEMBL database.
Multi-genome queries are supported: automatic retrieval of sequences for all the orthologs of the
query genes, at a given taxonomical level.

Program developed by Olivier Sand with the help of Morgane Thomas-Chollier

Remark: If you want to retrieve

es from an or that is not in the EnsEMBL database,

you can use the retrieve-seq program instead

No answer from the EnsEMBL database ; server may be down. Try again later...
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Documenting the tools
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Muiltiple levels of documentation

Method publication

o Detailed description in bioinformatics journals

o Assessment of tool performances, accuracy, relevance of the results.

o In many case no proper publication of the method as such, but as part of result papers.
Web interface

o Manual pages

o Demo buttons filling the form with relevant study cases
Tutorials (documented study cases)

o How does it work ? Principle of the method.

o How to choose parameters ?

o How to interpret the results ?
Selected study cases (should include successes, but also difficulties or failures)
Protocols

o A step-by-step detailed tutorial.

o Structured according to some publisher’s standard (Nature Protocols, Methods in Molecular
Biology, ...)
o Comment critical choices.

Command-line tools: on-line help

Code documentation: essential for maintainability

On-line manuals: general description + list of options.

Demo buttons: quick access to illustrative conditions of utilization.

O
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Protocols

nature
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TABLE 1 | Troubleshooting table (continued).
Step Problem Possible reason

16 The matrix-scan result does
not appear after a long
waiting time

For a large data set with computer-intensive
options, the analysis can take several
minutes, or even hours to run

16  There are too many The threshold may be too loose and allows many

matches to display and false predictions. Another possibility is that

results are difficult to your background model does not correspond

interpret to the composition of the seguence
ANTICIPATED RESULTS a

At the end of this protocol, the user

should be able to visualize predicted £

5,000 -4,500 -4,000 -3,500 -3,000

PROTOCOL |

Solution

Select the ‘email’ output in the matrix-scan form instead of
‘display’. Alternatively, a more stringent threshold can be
applied (e.q., discard negative scores with a lower threshold
of 0 on the weight score)

Relaunch the analysis with a more stringent threshold. To
obtain an idea about the number of matches expected by
chance for a given weight threshold, you can use

the program matrix-distrib

CRgANNG anes TFBSS in even-suipped promate

2,500 -2,000 ~1,500 -1,000 -500 0

sites and CRERs along the input e =
sequence. In addition, several random
controls should have been run to
evaluate the quality of the predictions.
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Figure 8 shows the feature-maps e =

obtained with the even-skipped

study case. b
Figure 8a displays the binding sites
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Prodiciod sites in vn-skipped promoter (Pval 0, 0001)

3,500 ~-3000 ~2,500 -2,000 ~1,500 -1,000 ~500 0

(top) and CRMs (bottom) annotated in
the 5,500-bp region located upstream the ——r—
even-skipped TSS. TFBSs were extracted
from ORegAnno?® and CRMs from RED-
fly**37, The right side of the figure
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Predicted CRERS In ovenrsiipped promotr (Pval 0, 001 cree_sig C)
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comesponds to the region immediately
upstream of the even-skipped gene
whereas the left side of the figure

Pradictnd CRERS in sverrskipged promotie (Pval 0,

corresponds to the most distal region. The 5,500 -5000 4500 4,000 -3.500 -3.000 -2.500 -2.000 -150 00 0
coordinates of these elements are provided v - J———— .
as supplementary material on the website
(see oreganno_eve_annotation.ft for TFBSs c - - - . —
and !ﬂ eve annomﬁm. for CRMS . redictnd sites in 5 randomly selecked promose (Pval 0, )
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Figure 8a can be reproduced by copy-

pasting the content of these files in the CG38I7 1l

feature-map form. The figure shows that prvrres 1

the annotated TFBSs for the 12 trans- |
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cription factors of interest fall into the o T
four CRMs of the even-skipped promoter. ol
The perfect correspondence between the pesa
annotated TFBSs and CRMs probably
reflects some experimental or annotation v
bias and should by no means be taken as
an evidence that these factors do not —
bind anywhere else in the region. cer1es
Figure 8b displays matrix-scan A2
predictions in the even-skipped promoter. CG1516

Individual site predictions are mostly

para

found inside or in the neighborhood of
the annotated CRMs. CRER predictions
with the first set of parameters

(Pval <0.001, crer_sig=0) show a land-

scape with many overlapping CRERs. predictions of sites and CRERs in rand

Figure 8 | Feature-maps for the even-skipped example. (a) Annotated transcription factor-binding sites
(TFBSs) and ds-regulatory modules ((RMs) in the even-skipped promoter. (b) Matrix-scan predictions of
sites and cis-regulatory element-enriched regions (CRERs) in the even-skipped promoter. (c) Matrix-scan

ly selected p
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MIMB Volume on Bacterial Molecular Networks

&

Methods in | ge SRR
Al £0
Moleculas Elclogy 504 spl‘iﬂgef TOR

Jacques van Helden
Ariane Toussaint
Denis Thieffry Editors

TN

Bacterial Molecu

Networks

Methods and Protocols

= A collaborative volume on biological and
bioinformatics methods for analyzing
bacterial molecular networks.

= From data acquisition (experiments) to
dynamical modelling.

= Variety of network types: interactome, gene
co-occurrences, metabolic networks,
regulatory networks, ...

= Two chapter types

o Reviews on the state-of-the art of a
domain.

o Commented protocols explaining how to
use software tools, and how to interpret
their results.

= Jacques van Helden, Ariane Toussaint and Denis Thieffry (2012). Bacterial Molecular Networks. Methods in

Molecular Biology, Volume 804 (28 chapters).
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Conclusions & Perspectives
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How can we cope with the increase of microbial genomic data ?

= Combining resources maintained at various locations
o Genome centers (e.g. EnsemblGenomes, UCSC, NCBI)
o Specialized databases (e.g. MICROSCOPE, RegulonDB)
o Generic environments with add-on capabilities (e.g. R, CytoScape, Galaxy, ...)
o Specialized tools (e.g. RSAT, NeAT)
Local integration
o Costin time, space, updates
= Programmatic interfaces

Workflows
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Table-ronde: quelles formations pour le

traitement des données NGS ?
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Participants

= Erwan Corre (corre@sb-roscoff.fr)

= Jean-Francgois Gibrat (jean-francois.qgibrat@france-bioinformatique.fr)

= Héléne Chiapello (helene.chiapello@toulouse.inra.fr)

= BLANCHET Christophe (Christophe.BLANCHET@france-bioinformatique.fr)
m  Guy Perriere (Guy.Perriere@univ-lyon1.fr)

= Lionel Frangeul (Ifrangeu@pasteur.fr)

= Jacques van Helden (Jacques.van-Helden@univ-amu.fr)
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Questions

= Quel(s) environnement(s) informatique(s) pour les formations ?
o Galaxy ?
o Ressources spécialisées (MICROSCOPE, RSAT, ...) ?
o Outils en ligne de commande ?
o Instances personnelles sur le cloud ?
o Machines Virtuelles préinstallées + jeux de données (Virtualbox)
o Environnement virtuel (docker) ?
= Comment adapter les formations aux besoins particuliers des participants ?
o Analyse de cas, conception de workflows.
o Traitement des données propres des participants.
= Equilibre théorie/pratique
= Peut-on générer du matériel didactique réutilisable?
o Portail des ressources pédagogiques existantes (sous Galaxy, R, console Unix, ...)
o Ressources de support aux formation « directes »: tutoriels, vidéos, vidéos des cours théoriques,...
o Effort post-formation: diapos et exercices commentés suite a la formation
o E-learning
a MOOC
= Adaptation des outils d'analyse et de formation a I'augmentation des données
o Comment traiter les milliers de génomes bactériens los de formations ?
= Forum France Génomique / IFB: utilisateurs <-> spécialistes-consultants
= Partenariats avec universités

o Matériel des formations en master, licence, ....
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Ecole de Bioinformatique Aviesan (EBA)

s http://ecole-bioinfo-aviesan.sb-roscoff.fr/

s 3éme édition: du 5 au 10 octobre 2014

baa/ 1S QN

alliance nationale
pour les sciences de la vie et de la sante

Ecole de bioinformatique AVIESAN - Roscoff 2014

Initiation au traitement des données de génomique obtenues par séquencage a haut débit

Menu principal

¥ 5-10 Octobre 2014

o 1. Accueil

o 2, Programme

o 3. Plaquette

o 4.Liens

o 5. Informations pratiques

o 6. Foire aux questions

o 7. Qui fait quoi

o 8. Alias (mot de passe)
¥ Slides and tutorials
Introductory talks
Introduction to Galaxy
RNA-seq
ChIP-seq
Variation detection

o 0 0 o o o

Primers on other
applications

o Archives

5 au 10 Octobre 2014, Station Biologique, Roscoff

Objectifs

Les domaines des sciences du vivant liés a I'analyse du génome ont vu au cours des derniéres années une accumulation
explosive des données provenant des techniques de séquencage & haut débit. Les progrés accomplis ont
considérablement augmenté les possibilités expérimentales dans des domaines tels que la génomique (séquencage de
nouveaux génomes, variants génétiques), la transcriptomique (expression génétique, ARNs non codants) et les
interactions ADN-protéine (immuno-précipitation de chromatine) et modifications de la chromatine. AVIESAN
organise une troisiéme session de cette école dont les objectifs sont d’apporter aux biologistes des notions et une
pratique leur permettant d’appréhender le traitement et I'analyse des données de séquencage a haut débit en utilisant
un environnement logiciel convivial : Galaxy.

Programme

L’école comportera des séminaires introductifs, des cours et des travaux pratiques consacrés a I'initiation au traitement
des données de transcriptome (RNA-seq), d'interactome (ChIP-seq) et de variations génomiques (SNP, CNV). Les
participants disposant de données pourront discuter de leur plan d’analyse et effectuer les premiéres étapes de
traitement de leurs données au cours de la derniére journée.
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