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What is a cyber-infrastructure

A data 
infrastructure

• Collecte/Store/Manage
• Integrate/Visualize
• Explore/Mine
• Process

Serve a 
community

• Plant scientists
• Wheat research
• ...

Large scope

• Several institutes
• Country
• Continent
• Worldwide
• ...
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Plant scientific challenge

Phenotype = Genome
x Environment
x Management 

practices

Scientific challenge
Study of Complex interactions
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Elixir: The European Bioinformatics infrastructure

Some cyber-infrastructure under
construction

.04H. QuesnevilleEPSO-FEBS 2014, le 27/06/14

WheatIS: the information system of the International Wheat
Initiative

IFB: French Bioinformatics Institute French Elixir node

Phenome/FPPN/EPPN: Information system for French Plant 
Phenotyping Network

CyVerse: The US cyberinfrastructure (iPlant)
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Cyber-infrastructure goals

Provide the research community with a single entry point of 
access to genetic, phenotypic and genomics resources.

Promote the development of services on top of current 
databases.

Authority to define guidelines for data curation, 
nomenclature, standards and integration.

Registry for bioinformatics tools.
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IFB/Elixir – Plant Bioinformatics
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The French Plant bioinformatics 
node

(33 FTEs)

Genetics and genomics resources 
for plants and crop parasites

(INRA)

Resources for plants, 
symbionts and pathogens

(INRA,CNRS)

Genomic resource for southern 
and mediterranean plants.

(CIRAD, INRA, IRD)

Marine biology analysis
(CNRS, UPMC) 

Arthropods for 
Agroecosystems

(INRA)

Contributors (data, tools, and expertise)
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Services

analysis 

genomics annotation

software hosting

data repository

data integration

database design

software engineering
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WheatIS – An information system for 
the wheat international research
community
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WheatIS Expert Working Group

Wheat initiative 
commissioned a 
WheatIS EWG

Expert 
Working 
Group

• Build projects
• Build infrastructure
• Report to the 

Wheat Initiative
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WheatIS nodes (#12)

CerealsD
B

UCW
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WheatIS Core

File 
repository

Web 
portal

Search
Integrated

DB

DB Indexes

WheatIS node

Storage

Distributed storage

DB Indexes

WheatIS node

Storage

DB Indexes

WheatIS node

Storage

WheatIS Architecture
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Interoperability

Data 
submission

Data standard

Data 
discoverySemantic

interoperability

Compute
Infrastructure

Cyber-infrastructures key issue
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Data must follow FAIR principles

• F1. (meta)data are assigned a globally unique and eternally persistent identifier.
• F2. data are described with rich metadata.
• F3. (meta)data are registered or indexed in a searchable resource.
• F4. metadata specify the data identifier.

To be Findable:

• A1 (meta)data are retrievable by their identifier using a standardized communications 
protocol.
• A1.1 the protocol is open, free, and universally implementable.
• A1.2 the protocol allows for an authentication and authorization procedure, where necessary.

• A2 metadata are accessible, even when the data are no longer available.

To be Accessible:

• I1. (meta)data use a formal, accessible, shared, and broadly applicable language for 
knowledge representation.

• I2. (meta)data use vocabularies that follow FAIR principles.
• I3. (meta)data include qualified references to other (meta)data.

To be Interoperable:

• R1. meta(data) have a plurality of accurate and relevant attributes.
• R1.1. (meta)data are released with a clear and accessible data usage license.
• R1.2. (meta)data are associated with their provenance.
• R1.3. (meta)data meet domain-relevant community

To be Re-usable:

force11.org



Hadi Quesneville

DATA SUBMISSION
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Data file repository
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Data workflow

Data
File

Metadata

URGI (Fr)

TGAC/EI (UK)

Elixir/EUDAT (Eu)

CyVerse (USA)

?

?

?

Australia, CGIAR,…

iR
O

D
S

federation
Submission
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DATA STANDARDS
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wheatis.org
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DATA DISCOVERY
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Data Discovery data model

Full text search

Facettes / Aggregations
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Full text search of distributed
databases
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wheatis.org
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Next for data discovery

Faceted search portal

Ontology query translationOntology index annotation

Data extraction 

…

Ontology annotation

Data extraction 

Data extraction 

Indexes

Indexes

Indexes
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Semantic Interoperability
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Data types can be
stored in different
databases with

different data model

Why a semantic interoperability
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Develop a web semantic
interoperability

.028EPSO-FEBS 2014, le 27/06/14

Ontology based annotation 
of database schemas
(GO, PO, TO, CO, …)

RDF modeling of the 
databases schemas

RDF triple store 
storage

Query of dispersed 
data for data 
integration through 
Semantic web services
(SPARQL, web user 
interface)
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Virtuoso

Workflow ETL

• Some workflows are generic enough to be reused (i.e. GFF3 or 
HapMap)

• Codes available on GitHub, 
https://github.com/SouthGreenPlatform/AgroLD.
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AgroLD portal
(www.agrold.org)

• Different user profiles

• Provides different entry points
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Integrates information from:
• Ontologies: Gene Ontology (GO), Plant Ontology (PO), Plant 

Trait Ontology (TO), Plant Environment Ontology (EO)…

• Information sources:
• Ontology association: GOA, Gramene (TO, PO and EO)
• Gene/Protein information: OryGenesDB, Gramene, UniProt
• QTL information: TropGeneDB, Gramene
• Polymorphisms: SniPlay
• Pathway information: Gramene - Cyc
• Phenotype information: Oryza Tag Line
• Phylogenomic information: GreenPhylDB
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Phenotypic data integration

• RDF conversion from the Breeding API 
standard

• Benefit from the work of the BRAPI 
international consortium
u REST API and JSON format
u Web Service Swagger
https://urgi.versailles.inra.fr/ws/swagger-ui/index.html#/Phenotyping
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Annotation analysis
• Gene structural and functional annotation
• Repeat detection and annotation (TE, SSR, 

SD)

Structural analysis
• SNP calling, InDel detection
• Transcript assembly

Functional analysis
• Differential expression
• ChIP-seq, BS-seq

Genetic diversity analysis
• Population genetic statistics
• genome wide association mapping
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Pipeline

VM

Input 
Files

Compute infrastructures

WheatIS Core

File 
repository

Web 
portal

Integrated
DB

DB Indexes

WheatIS node

Storage

Distributed Storage

DB Indexes

WheatIS node

Storage

DB Indexes

WheatIS node

Storage

Output 
Files

Search

Standards

WS

Availability of 
infrastructure depend on 
funding (scientists, 
supporting institutes, 
countries, …)

Several Compute
infrastructure

One data 
infrastructure

Cloud infra. A

Cloud infra. B

Cloud infra. C
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A wheat use case

NGS 
data

1Gb of 
genomic
sequence

50 Tb

16 Gb 
wheat

genome
would need

800 Tb

Future 
standard 
analysis

18 varieties
(Plant J 2017 

Feb 23.)
14400 Tb = 

14 Pb ?
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Big data issues

Difficult to imagine having
such storage capacity

Improve current approach 
of data analysis

Compute infrastructure 
availability
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« FAIR »  
repositories

Safe data 
transfert 

protocoles

Efficient 
data 

storage

Metadata

File completion validation : MD5 checksum, …
Fault tolerance: Rsync, …
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Efficient workflows

Data reduction

Data 
dependancies

Analysis 
reproducibility 

• Noise reduction
• Fit to computing resources
• Store on adapted media: quick 

access vs storage capacity
• Keep only data that cannot be 

recomputed easily

• Parallelization 
• Compute time estimation

• Notebooks
• Follows workflow process
• Fault tolerant à resume from 

previous steps
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Efficient computer resources

Hardware
• Media of storage: SSD, 

Drives, Tapes, …
• Media for computation: 

GPU, RAM, Core/CPU

Architectures
• Clusters
• HPC
• Clouds

Network
• High internet 

bandwith
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Storage
Data files

(Mb)

Pipelines

Storage
Data files

(Mb)

Storage
Data files

(Mb)

Compute

Today’s paradigm: 
moving data to tools
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Storage

Data files
(Gb/Tb)

Compute

Pipeline

Storage

Data files
(Gb/Tb)

Storage

Data files
(Gb/Tb)

(Kb)

Paradigm shift: 
moving tools to data 
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Moving workflows
• Moving complex workflows is challenging

u Hardware dependancies (Cluster)
u OS dependancies (Unix/Windows/…, Scheduler)
u Software dependancies

• Technical solutions exist
u Virtualisation: moving an image as a file
u Installation package: rpm, conda, ansible, puppet,…

è Cloud infrastructure
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Conclusions:
Cyber-infrastructure challenges

• Accessibility, easy 
exploitation, etc.

• Ethics (credit for 
data)

• Institutional support

• Bioinformaticians
• Researchers 

• Big data issues (DNA 
sequences, images, 
environment
measures, …)

• Data access from 
compute resources

• Dispersed data. 
• Curation and 

annotation 
• Heretogeneous data 

type
• Establishment

and adoption 
of standards

• Easy submission

Data CPU

TrustTrain-
ing
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