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W WHEAT

INITIATIVE The Wheat Initiative

= Created in 2011 following endorsement by G20
Agriculture Ministries to improve food security

= A framework to identify synergies and facilitate
collaborations for wheat improvement at the
International level

= The Wheat Initiative members

= Countries: Argentina, Australia, Brazil, Canada, China, France,
Germany, Hungary, India, Ireland, Italy, Japan, Spain, Turkey, UK,
USA

= [nternational organizations: CIMMYT, ICARDA

= Private companies: Arvalis, Bayer CropScience, Florimond Desprez
V&F, KWS UK, Limagrain, Monsanto Company, RAGT 2n Saateen
Union Research, Syngenta Crop Protection
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The Wheat Data Interoperability WG )

= Aims: contribute to the improvement of Wheat related data interoperability
by

= Building a common interoperability framework (metadata, data formats and vocabularies)
» Providing guidelines for describing, representing and linking Wheat related data
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Contributors: Alaux Michael (INRA, France), Aubin Sophie (INRA, France), Arnaud Elizabeth (Bioversity,
France), Baumann Ute (Adelaide Uni, Australia), Buche Patrice (INRA, France), Cooper Laurel (Planteome,
USA), Fulss Richard (CIMMYT, Mexico), Hologne Odile (INRA, France), Laporte Marie-Angeélique (Bioversity,
France), Larmand Pierre (IRD, France), Letellier Thomas (INRA, France), Lucas Heélene (INRA, France),
Pommier Cyril (INRA, France), Protonotarios Vassilis (Agro-Know, Greece), Quesneville Hadi (INRA, France),
Shrestha Rosemary (INRA, France), Subirats Imma (FAO of the United Nations, Italy), Aravind Venkatesan
(IBC, France), Whan Alex (CSIRO, Australia)
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http://www.bioversityinternational.org/
http://www.cimmyt.org/en/
http://www.csiro.au/
http://www.fao.org/
http://www.inra.fr/
http://ist.blogs.inra.fr/wdi/wp-content/uploads/sites/8/2015/06/Planteome_logo2.png
http://ist.blogs.inra.fr/wdi/wp-content/uploads/sites/8/2015/06/AK_logo.jpg
http://ist.blogs.inra.fr/wdi/wp-content/uploads/sites/8/2015/06/acpfg_logo.jpg
http://ist.blogs.inra.fr/wdi/wp-content/uploads/sites/8/2015/06/logo-ird.jpeg
http://ist.blogs.inra.fr/wdi/wp-content/uploads/sites/8/2015/05/rda-e1431333875442.jpg
http://ist.blogs.inra.fr/wdi/wp-content/uploads/sites/8/2015/06/IWIlogo.png
http://www.cimmyt.org/en/
http://www.inra.fr/
http://www.fao.org/

The data types covered in the guidelines
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The methodology

» Landscape of Wheat related standards and their use by the community
» Comprehensive overview of Wheat related ontologies and vocabularies

* Recommendations
* Mappings between different data formats

* Actions to conduct in order to improve the current level of Wheat related data
interoperability

* Interoperability use cases

* Interactive cookbook: recommendations + guidelines
* Arepository of Wheat related linked vocabularies (Bioportal)

Implementation

research data sharing without barriers @9
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The outputs of the WDI working group
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The deliverables

= Guidelines (http://Wheatis.orq/DataStandards.php)

= Data exchange formats

Example: VCF (Variant Call Format) for sequence variation data, GFF3 for genome
annotation data, etc.

= Data description best practices
Consistent use of ontologies, consistent use of external database cross references

= Data sharing best practices

Share data matrices along with relevant metadata (example: trait along with
method, units and scales or environmental ones)

= Useful tools and use cases that highlight data formats and vocabularies issues

= A repository of wheat related ontologies and vocabularies

(http://wheat.aqroportal.Iirmm.fr/ontoloqies)
= Allows the access to the ontologies and vocabularies through APIs.

= A prototype

= Implementation of use cases of wheat data integration within the AgroLD
(Agronomic Linked Data) tool: http://www.agrold.org

research data sharing without barriers ‘m )
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http://wheatis.org/DataStandards.php
http://wheat.agroportal.lirmm.fr/ontologies
http://www.agrold.org/
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Search( pREi=EsiEnwlsEigsid ) Submit Data Tools Links WheatlS Nodes

About

This project aims at building an
International Wheat Information System,
called hereafter WheatlS, to support the
wheat research community. The main
objective is to provide a single-access wet
base system fo access to the available
data resources and bioinformatics tools.

This project is based on the principles
listed below:

= Collective building of the WheatlS to
better respond to the needs of the
international wheat community;

« Incremental implementation to offer
rapidly an operational information
system;

« Emphasis on Quality Assurance to serve
as a framewaork for an approach with
incremental implementation;

= Promaotion of an open-access model for
data exchange;

= Reliance on a distributed system;

« Use of Virtual Machine and Cloud
Computing technologies fo facilitate
sharing data and tools;

« Promotion of the visibility of each
participating platform to contribute to
their sustainability.

research data sharing without barriers @ ’Jj
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http://wheatis.org/

Wheat Data Interoperability Guidelines

# Home  Sequenca variations
Sequence variations

The sequence variations are the nuclectides differences between two (or several) sequences at the same
locus {usually between a reference sequence and another sequence). Three types of sequence variations—

— have been mainly reported in plant genomes.
The most currently available sequence variations for wheat ane SNP's.

Recommendations

Summary
For Variant (e.g. SNP) calling performed by bioinfermaticians:

1. Use a reference wheat genome sequence
2. Data format: Use the VCF
3. Provide associated metadata

1. Reference sequence

The currently most commonly used reference bread wheat sequence is the IWGSC survey sequence {ov
Chinese Spring), available at the [WESC Sequence Repository and EBI.

‘When available, we the use of

reference sequence.

2. Data format

Wie recommend to use the latest VCF file format.

These recom mendaﬁons ha‘ The Variant Call Format (VCF) is & text file used in bioinformatics for storing gene sequence variations. The
format has been with the advent of | | and DNA ing projects, such &

Grou p (wg) one le 1he W(Gsg the 1000 Genomes Project. VCF format specifications can be found here.
5 i . Warning: The VCF files genarated for exome capture need to be labeled as such and can not been merga
Interoperability Interest Grou win these from wose conext

initiative that aims to reinfor 5 y1atadata

research programmes 10 iNCI v recommens to pravice 2 minimal set of metedta to contextuglize the provenance of the SNPs and to

P . provide information about the SNP quality analysis.
societal demands for sustair '
a sharing

For data sharing, the follawing information should be provided in the header section of the VCF file (header
lines hiave to be preceded by “##" characters) or as a separate tabulsted file.

Mame Description
RUN NAME Name of the sequencing run that producad tha data we are interestad in.
RUN DESCRIPTION Description of this run.

Part of & sequencing run that produced the data we are interested in. According
5UB RUN NAME 1o the sequencing technology involved, the sub run can be a lane (for 454

@.—' :I sequencers), a flowcell for (llumina sequencers)...

AMALYSIS NAME Mame of the SNF calling analysis

A NAME  Softwere used for the SNP calling enalysis
mlgsrscommr Person who performed the analysis

the adoption of commol

standards, vocabularies & rrorocouname  Neme of the sequencing protocor

best practices for Wheat d ,,.cemecenone
management s

Name and version of the reference genome used to call the variations.

?&ﬂ"ﬁﬁgOME Taxon of the reference genome used to call the variations

MAPPING CENOME  Description of the reference genome used to call the variations

GENOTYPE NAME Name of the le/findividual that has been

GENOTYPE TAXON  Taxon of the that has been

PROJECT NAME

Name of the project that funded the sequencing

FILTERS Filters applied to call SNPs (ex: DP = 10)

Wheat Data Interoperability guidelines Copyright © 2015

On‘tolog ‘single-nuchectide polymorphisms (SMPs), insertions and deletions (indels), and short tandem repeats (STRs)

Warming: BAM/SAM files should be kept for tracaeability of further analysis since they are not suitable for

sharing.

Data submission

For data submission in international repositories (EBI, NCEI), we advise to fill the dedicated XML format

(i

vwi.ebi.ac.uk/enay'submit/preparing-xmis#vct).

Most popular Tools

Identification of sequence variations includes 3 steps :

1. Mapging of the reads on the reference genome
2. Calling the sequence variations
3. Filtering out unrelevant results regarding mainly depth and sequence quality and mapping quality.

Mapping tools

B

SNPca

GATK

ling tools

AM tools

Filter tools

VCF tools

Example

Example of a VCF file dedicated to wheat data:

evolve theme heme4Press * Pa

10



Wheat Data | perability Guidelines el

Ontologies & Vocabularies

Home Guidelines _

Use cases _ Getting involved About

Home Ontologies & Vocabularies

GETTING INVOLVED

@

publishing data. Vocabularies enhance the quality of the interoperability and effectiveness of data DATA ALLIANCE

Ontologies & Vocabularies

In the context of Research Data, the use of vocabularies play a key role in managing, sharing and

exchange, thus facilitating the re-usage of data by others and in the process adding value to the local

researcher.

This section focuses on vocabularies, their benefits and current situation in the context of Wheat
Research Data. The aim is to provide a tool to support researchers in the selection of vocabularies to
adopt according to the Wheat Data Interoperability Guidelines.

What type of vocabularies exist in the context of the Wheat Initiative?

There are different types of vocabularies like ontologies, thesauri, classification systems, controlled lists,
syntax encoding standards, authority data, controlled vocabularies, taxonomies, glossaries, etc.

Why are vocabularies important for the Wheat Initiative?

What benefits can vocabularies bring to your daily work as a researcher?
They are many, including:

research visibility
research usage

research uptake
What are currently the most used and relevant vocabularies in the context of Wheat Initiative?

From December to 2014 to January 2015 the editorial team conducted a survey “Towards a
Comprehensive Overview of Ontologies and VYocabularies for Research on Wheat”. The objective was to
collect information about the visibility, interoperability, domain, content and other technical aspects of
relevant ontologies and vocabularies. As a result, in February 2015 a report (link) was published, and also
a list of vocabularies listed as follows:



Why adopt the WDI guidelines?

research data sharing without barriers
rd-alliance.org
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Benefits for 3 main target users

As a data producer or manager

 Easily conform to the well-recognized data repositories and facilitate the deposit of
your data within these repositories;

» Share common meanings of the words you utilize to describe your data and make
your data more machine-readable and computable

» Contribute to foster the development of smarter search tools and make your data
more visible and discoverable

As a wheat related information system or tool developer

» Basing your tool or information system on the recommended data formats and
vocabularies will make it easier to integrate data from various data sources,
deliver smarter outputs for a wider audience

As a wheat related ontology developer
» Share your ontologies through the WDI wheat ontologies portal and make them more
visible to the community

» Reuse or link your ontologies to existing concepts and terms in wheat related
ontologies to enrich them, make them more visible and in some cases save you time.

WLt

FtatArLh BATA ALLIANCE
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The international wheat information system

(Wh eat I S https://urqi.versailles.inra.fr/wheatis/)

14

= Provide a single-access web based system to access to the available data
resources and bioinformatics = work in progress

= 6 nodes already connected to the WheatlS search. Work in progress to connect
more nodes. More information in http://wheatis.org/WheatIS%20nodes.php

Filters

Database

[l GNPIS (1760095)

[ WHEAT3BMINE (271197)
[ ENSEMBL PLANTS
(155152)

[ cR-EST (36280)

[ GEBIS (27248)

[ METACROP (291)

Type

| SEQUENCE FEATURE
(1999302)

| SEQUENCE FEATURE
(155152)

[ EXPRESSED SEQUENCE
TAGS (36280)

(]

R A RIS A S T AT

= Triticum

)

ID

1-10 of 2,240,263

Source

Type

L |1Dresultsperpage "| = ==

Taxon

Description

=
(=]

MetaCrap

MetaCrop

MetaCrop

Anabaena sp., Arabidopsis thaliana, Arachnis hookeriana x Ascocenda Madame Kenny,
Beta vulgaris, Brassica napus, Coffea arabica, Daucus carota, Glycine max, Gossypium
hirsutum, Hordeum vulgare, Lothus japonicus, Lycopersicum esculentum. Malus domestica,
Medicago truncatula, Micotiana tabacum, Oryza sativa, Phaseolus aureus, Pisum sativum,
Pyrus serotina, Saccharum officinarum, Solanum tuberosum, Sorghum bicolor, Triticum
aestivum, Vicia faba, Vigna radiata, Zea mays

Arabidopsis thaliana, Beta vulgaris, Brassica napus, Hordeum vulgare, Medicago truncatula,

Oryza sativa, Solanum tuberosum, Triticum aestivum, Vigna radiata, Zea mays

Beta vulgaris, Glycine max, Hordeumn vulgare, Medicago truncatula, Oryza sativa, Solanum
tuberosum, Triticum aestivum, Zea mays

1, Biochemical Reaction, MetaCrop, Anabasn
Arabidopsis thaliana, Arachnis hookeriana x
Ascocenda Madame Kenny, Beta vulgaris, Br
napus, Coffea arabica, Daucus carota, Glycin:
Gossypium hirsutum, Hordeu[..]

100, Biochemical Reaction, MetaCrop, Arabid
thaliana, Beta vulgaris, Brassica napus, Horde
vulgare, Medicago truncatula, Oryza sativa, S
tuberosum, Triticum aestivum, Vigna radiata, .
mays, CONVERSION_NAJ...]

101, Biochemical Reaction, MetaCrop, Beta w
Glycine max, Hordeum vulgare, Medicago trur
Oryza sativa, Solanum tuberosum, Triticum ae
Zea mays, CONVERSION_NAME:serine O-
acetyltransferase, CONVERSIONI.. ]

102, Biochemical Reaction, MetaCrop, Beta w
Brassica napus, Hordeum vulgare, Medicago


http://wheatis.org/WheatIS%20nodes.php
https://urgi.versailles.inra.fr/wheatis/

Search for stem rust resistant Germplasm and genes

associated with it

Metadata — Dataverse (Dublin Core /CG) metadata
Complies to MIAPPE metadata
Has from Map/Annotate to
Traits, Variables | ) | Crop Ontology |mmmm) | Planteome —L
Has
Agronomic, GIS, from
Climate variables mmm) | ENVO 1 S|
Has r Locations
in Databases Script/BRAPI
Wheat Phenotyping m===) |Data | s |Repositories |Emmmm) |ISA-Tab
\’ Makes possible to query both |
Query Tool
types of aata T—
Has in Databases
E===) | Data |mmmm) | Repositories HapMap/VCF/BRAPI
Excel, CSV, HDF5
Has ]
Markers/genes mmmm)  Gene Ontology

Metadata, MIAPPE.

Map/Annotate to



Benefits of data integration

= Enriches data and enables data analysis and visualization
= DemO W|th QTLNetI\/“ner (https://ondex.rothamsted.ac.uk/QTLNetMiner/) [ 1

= QTLNetMiner is one of the nodes of the WheatlS

= Use case: search for candidate genes of “drought tolerance” ROTHAMSTED
RESEARCH

= DemO W|th AgrOLD (http://www.aqrold.orq)
= Use case: explore relationships between the following concepts: “root

development”, “triticum aestivum” and “triticum urartu”

research data sharing without barriers ‘m )
rd-alliance.org LSLAALH DATA ALLIANCE
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https://ondex.rothamsted.ac.uk/QTLNetMiner/
http://www.agrold.org/

Use the query suggestor to find
alternative search queries to
improve your results

QTLNETMINER

A tool for the discovery of candidate gerié-s controlling co

ex traits.

drought tolerance | Search ‘ ?

1464 documents and 23845 genes will be found with this query

Query Suggestor ?
Genome or QTL Search ?
Gene List ?

Define a QTL region

total 23845 genes were found. Top 100 genes are displayed in Map view. you are interested in
uery was found in 1464 documents related with genes (3012 documents in total)

Gene View Evidence View Network View

Download as TAB delimited file

Select gene(s) and click "Show Network "™ button to see the Ondex network. ?
Max number of genes to show: Known targets: | Novel targets: [/

Include a list of gene names
and see if they are related
to your keyword

research data sharing without barriers @ D
rd-alliance.org RizEAALE BATA ALLIANCE
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In total 23845 genes were found. Top 100 genes are displayed in Map view.
Query was found in 1464 documents related with genes (3012 documents in total)

Gene View Evidence View Network View 18

Download as TAB defimited file

Select gene(s) and click "Show Network” button to see the Ondex network. ?
Max number of genes to show: Known targets: [ Novel targets: ()
ACCESSION ¢ CHRO#+ START# SCOREs$ USER % QTL ¢ EVIDENCE ¢ Select #

TRAES_4DL_6063FB21A | 4D B8.36 2.20 no 0 & . @ . O

TRAES_4BL 46BE35DD3 | 4B 7463 220 no 0 &. @ . O
TRAES_4AS_13CESFSBT |4A 19.89 2.20 no 0 @ . O

TRAES_7BL_57F31555F | 7B 167.18 1.83 no n o Mol o2 (]
TRAES_BAL 5D65F5235 |5A 257 1.7
TRAES_3B_2A5C09283 3B 68.30 1.6
TRAES_2DL_574F25C6E | 2D 76.53 1.6:
TRAES_TBS_9F5ABBASS | 7B 66.45 1.6
TRAES_GAS_C1F384744 |6A 0.00 1.5]
TRAES_6BS_04D7C6EAG4 6B 66.07 1.5]

TRAES_TDS_32CBCS8AD 7D 0.00 1.5 Q/

research data sharing without barriers Network view
rd-alliance.org




Agronomic Linked Data (AgroLD)

Home | Search | Help | About

RelFinder & w f @ &

between examples
(1 root development
[2) Triticurn aestivum
(%) Triticurn urartu
add clear Find Relations
! ]

Filter by: relations: (S7/57)
& length & clasz @& link a conne..
number of objects A num i
1 15/15 &
z 4z/4z B

wWoBMB4_WHEAT en ¥ |.°

Mare Infaz: purluniprot.arg

Uncharacterized protein

*

| Please send us your feedbackl!
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The more the wheat research community
harmonize Its practices In terms of data
management, the more IS and tools like the
WheatlS, QTLNetMiner and AgroLD can
iIntegrate data and provide valuable knowledge

research data sharing without barriers @3
rd-alliance.org RizEAALE BATA ALLIANCE
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How to adopt the guidelines?

research data sharing without barriers @ @
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Data formats -

= For legacy data

= Please provide your data in at least one of the recommended data
formats even if, for some reasons, you need to also keep them in other
non-recommended formats

= For future developments
= Please consider using the recommended data formats from the
beginning.
= Example: provide your sequence variation data in the
latest VCF file format

= Please refer to the WDI guidelines for precise recommendations on
each data type

research data sharing without barriers ‘m \1
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http://datastandards.wheatis.org/

Best practices on data description and sharing -

= Describe your data with the recommended metadata standards and annotate your data
with the recommended vocabularies.

= Examples:
For genome annotation data in GFF3 format, use of ontologies for functional annotation in
column 9, such as, Gene Ontology and Sequence Ontology.
For observation Variables (including trait and environment variables), use existing
variables, listed in the following vocabularies and ontologies :
= Wheat crop ontology
= Wheat INRA Phenotype Ontology (previously INRA Wheat Ontology)
= Biorefinery ontology
= XEO, XEML Environment Ontology

= Deposit your data in the WheatlS data repository or well established data repositories

¢ WheatlS data repositoty

https://urgi.versailles.inra.fr/dspace/

WheatlS data repository Search DSpace

This space is a digital service that collects, preserves, and distributes public data related to Wheat scientific |
research. You can consult and download submitted data anonymously. You need to register in order to submit
datasets among:

Advanced Search
= Subm th tyg g data

otvping data
= Submit SNP D scovery data
You may look at Wheat Data Interoperabili

Browse

All of DSpace
Or you can just discover what has already been submitted using browsing features below and in the right menu. Communities & Colleciions

research data sharing without barriers © ampaunificsiin DSPace T= )

idelines for recommendations on how and what to submit.

t a community to browse its collections. My Account
rd-alliance.org MR O Loain INCE

Register


http://www.cropontology.org/ontology/CO_321/Wheat
http://www6.inra.fr/cati-icat-atweb/Ontologies/Biorefinery
http://purl.bioontology.org/ontology/XEO
https://urgi.versailles.inra.fr/dspace/

24

Adopting Agroportal

= Share your wheat related ontologies within the WDI
slice in Agroportal

= Before developing a new ontology

= Make sure there is not an existing one within the WDI slice in
Agroportal that covers your needs

= When developing a new ontology

= Please reuse or link to exiting concepts and terms in the ontologies
within the WDI slice in Agroportal whenever possible.

= Please align your ontologies to the existing ones within the WDI slice in
Agroportal and share the mapping results

research data sharing without barriers @ )
rd-alliance.org LSLAALH DATA ALLIANCE


http://wheat.agroportal.lirmm.fr/
http://wheat.agroportal.lirmm.fr/
http://wheat.agroportal.lirmm.fr/
http://wheat.agroportal.lirmm.fr/
http://wheat.agroportal.lirmm.fr/

Endorsements/Adopters -

Laboratory

USDA ARS and Cold Spring Harbor Laboratory,

Paul Kersey
EMBL European Bioinformatics Institute,

Australian Center for Plant Functional Genomics,

The Genome Analysis Center,

Munich Information Center for Protein Sequences (MIPS),
Helmholtz Center Munich,

INRA URGI,

Rothamsted Research,

James Hutton Institute,

CIMMYT Wheat program,

Professor Mario Caccamo

Head of Crop Bioinformatics

Doreen Ware

Adjunct Associate Professor

Ph.D., Ohio State University

Paul Kersey

Team Leader Non-vertebrate Genomics

Dr Baumann, Ute

Bioinformatics Leader

Robert Davey

Data Infrastructure & Algorithms Group Leader

Dr. Klaus Mayer
Research Director MIPS

Michael Alaux, Deputy leader of "Information System and data integration”
team

Cyril Pommier, Deputy leader, Information System and Data integration team,
Phenotype thematic leader

Christopher Rawlings
Head of Department Computational & Systems Biology Harpenden

David Marshall

Information and Computational Sciences

The James Hutton Institute

Richard Allan James, Head of Knowledge Management
Rosemary Shrestha, Data Coordinator


http://www.niab.com/
http://cshl.edu/
http://www.ebi.ac.uk/
http://www.acpfg.com.au/
http://www.tgac.ac.uk/
http://www.helmholtz-muenchen.de/
http://www.helmholtz-muenchen.de/
https://urgi.versailles.inra.fr/
http://www.rothamsted.ac.uk/
http://www.hutton.ac.uk/
http://www.cimmyt.org/en/
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Thank you!
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