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FAIR Data Principles

Ids ] License
Open Protocole Semantics
Metadata . . Well described
Perenial Metadata Linked Data
Index Provenance

Vocabularies
Standards

IEdable Accessible nteroperable Reusable
L 9y
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e Avoid Data Silos

* Interoperable Data and Tools Integration
¢ Linked data

* Repositories Complementarity
+ Volume and Variety Burden Sharing

Wilkinson, M. D. et al. The FAIR Guiding Principles for scientific data https://www.ontoforce.com

management and stewardship. Scientific Data 3, 160018 (2016). 50 March 2018
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* High Throughput
* Genome assemblies
* Genetic variations

* Established repositories

+ ENA/EVA
+ NCBI
+ Consortium/Species repositories

e Established standards

* Simple life cycle
+ Production = one data publication

FAIR for Genomic




FAIR for PhenomicP=G XE xC
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Phenotype

B et L B

Plant Genotype

Interactions

Environment

Phenology, Strucuture, Biochemical conten

* Trait/Variable : a definition of an
observable characteristic

¢ Yield
*  Phenotype : A trait/Variable with a value
Cultural Soil Stress ¢ Yield = 15 Kg by hect

Climate )
Practice
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- FAIR for Phenomic

P = Genotype x Environment x Cultural practice
* Environment is critical, included in Phenotype lifecycle

e Raw data

+ Big : Terabyte by experiment
« Patrimonial: long term storage

* No central Phenomic data archive

e Distributed Model

+ Wheat IS, Elixir, Transplant
+ Standards : Breeding API, MIAPPE, Crop Ontology

+ Several repositories: GnplS, eDale, Emphasis (PHIS), PIPA/VIB, ...
* Complex life cycle

Cyril Pommier / Standards for Distributed Plant data integration 6
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A0 Phenotyping Data life cycle
Raw data

e o o O

Soisson low input
Level: Rep

Soisson low input 2 7

Ccenotupe | atement | Fusriose |

Soisson low input 5

Chargeur

Soisson x Chargeur

. . x low
high N x high N e

Level: trial / traitemen

Soisson x Soisson x Soisson x

low input low input high N Soisson h ig h N 7

Chargeur Soisson x Soisson x
x highN high N high N

Level: trial

PR PP
A\ OIS OUR Tale

15,322531
2011 11 15 29
15,314305
2011 11 16 56
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e Phenotyping Data Computation

Raw data Elaborated data

Chargeur

Soisson x Chargeur

. . x low
high N x highN input

Soisson x
high N

Chargeur
x high N

Soisson x Soisson x Soisson x
low input low input high N Chargeur

x low
input

Soisson x
low input
Chargeur Soisson x Soisson x
x high N high N high N

e o —T—
Soisson low input 6

Soisson

Soisson fi 2 7

Cyril Pommier / Standards for Distributed Plant data integration 8

20 March 2018



s ®
— o\~
m elixir

* NIRS

Phenotyping Data Computation

Individual Genotype Repetition Date 4000 4002 4004 4006
0.790383794657 0.790834341907 0.791261293580 0.791659233526
662200657-1 662200657 Nov1ll
181 288 598 804
0.817254078896 0.817865344054 0.818450087726 0.819007314250
662200657-2 662200657 Novll
638 208 549 037
0.822434379133 0.822871701993 0.823268552780 0.823649256266
662200659-1 662200659 Nov1ll

726

426

517

632

e After Calibration and Analysis

Individual

Genotype

Repetition

Gluc_sol

Gluc_solub

Gluc_hydrol

NIRS id

Date

662200659-1

662200659

1

0.064074733

0.38557928

0.321504547

2274

Nov1ll
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e Phenotyping Data Computation

* LIDAR
+ Very Big files
+ Plant Architecture
+ Raw extraction:

* Leaf area, leaf angle
+ Elaboration= % interception

 Metabolomic

+ MSI Compliant Full description
+ Elaboration 2

* Leaf Protein concentration
* Root Cellulose concentration

Cyril Pommier / Standards for Distributed Plant data integration 10
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o 1T Plant Phenotyping Life cycle

Raw data long term conservation

Data publication

Data acquisition Data computation

e One

e Traceability e New

e Raw measures computation Publication by
e Data Cleaning for each datasets.
scientific e Raw

e Platform IS

(Emphasis IS,
PHIS, ...) e One raw

dataset 2
many

computed
e Provenance datasets

question

e Platform IS
e Computed

e FAIR
Repositories

e Reproducibility
e Traceability

%_/

IB 2018 Workshop
main Topic

Cyril Pommier / Standards for Distributed Plant data integration 11
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* Heterogenous data types
+ Markers
+ Genetic resources accessions

+ Genetic experiment results

e GWAS
* Genomic Selection

* Genetic Maps
+ Journal articles

+ Seeds of discovery data

* Minimal FAIR
+ Simple life cycle : publication
« Findability : datadiscovery.

12
20 March 2018

Cyril Pommier / Standards for Distributed Plant data integration




% elixir

FAIR: DATA STANDARDS
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e 1 Interoperability in International network

National
Networks

f%\\\
= Fro - BFF.
r

Global
Networks

International data standards

e -AP] @D >

SESEARCH DATA ALLIANCE . . .
Minimal information

Web services

-
& Crop Ontology

Internation

Controlled vocabularies
Trait dictionaries

— lN?A Cyril Pommier / Standards for Distributed Plant data integration
_—

= SOENCE & IMPACT

20 March 2018



A Standard Sharing

‘AlRsharingorg T

o > standards, databases, policies

How to cite this record FAIRsharingorg: GnplS; Genetic and Genomic Information System; DOI: 10.25504/FAIRsharing dw22y3; Last edited: May 8, 2018, 9.
am; Last accessed: Jun 12 2018 9:23 p.m. .

This record is maintained by ORCIDEL

Record added: March 2, 2016, 5:59 am
Record updated: May 7,2018, 11:29a.m. by

In Collections Related Standards
YWheat Data Interoperabality Guidelines RcmrtingGUidc“ncs
ELIXIR node contributed resources

Terminology Artifacts

Support Models and Formats

General
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* Phenotypes guidelines

* MIAPPE Wheat Data Interoperability Guidelines
* Cropontology

e WheatlS standards

Home Ontologies & Vocabularies Use cases - Getting involved About -
* Breeding API
Phenotypes
Getting Inv
Phenotypes
1 D a t a f O r m at S racteristics of an organism resulting from Interactions between genes @
) wa. Plant phenotyping can be used in several fields, such as breeding

- o o ) nical research in multi-ocation environments, germplasm bank
We recommend following minimum format principles with data Mnotypes (traits and associated value) can be used in several fields of

variables (trait along with method, units and scales or environmerd: Furthermore, phenotypes are in interaction, like for instance in
principle has been formalized in the MIAPPE {jnder improvement.
The Breeding AP, described below, is a MIAPPE compliant web service API specification.

There is also an emerging initiative to produce a semantic web version of MIAPPE through i
(new!).

for data format reaarding aermplasm information

See the o

Cyril Pommier / Standards for Distributed Plant data integration



http://wheatis.org/DataStandards.php

W‘X ' WheatlS standards

* Reuse for other crops: Rice, ...

Wheat Data Interoperability Guidelines

Home Guidelines ~  Ontologies & Vocabularies Usecases ~  Cetting involved About ~

Home = Getting involved
Getting Involved

Getting involved

See who endorses the guidelines @ )

DATA ALLIANCE

To stay relevant and useful for the wheat data community, it is important that the recommendations
contained here are maintained. This will be especially true as new technologies are developed requiring
standards to be agreed. The maintenance of the guidelines will depend on an ongoing process of
monitoring practices across the wheat community, and maintaining communication with those who are
producing and using wheat data. There are many ways you can help.

Become an adopter: Please let us know why and how these guidelines are helpful to you and your
institution. See the Current list of adopters

Give your feedback: You can contact us either by email or by leaving a comment on a specific page. This
is an easy way to propose improvements or corrections, update the state of the art and share best

R Py e e Tt LU B TR I =
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INTEROPERABILITY: SEMANTIC

Cyril Pommier / Standards for Distributed Plant data integration 18
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Semantic

* Define concepts: plant, micro_plot, phenotype, experiment, event
* Define Relations: micro_plot contains plant

 Common Vocabularies and ontologies
+ Agrovoc, Plant Ontology, Crop Ontology, Environment Ontology, ...

Cyril Pommier / Standards for Distributed Plant data integration 19
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# Crop Ontology Semantic for variables {7 [2) E%?

www.cropontologv.ore ey CGIAR
Elizabeth Arnaud et al.

Annotation must explain:
Phenotype data in breeding P

1/ What is the
observation about ?

24530 30

85432 120

78452 95

56093 169 =

TRAIT or

znvironment

— lmA Cyril Pommier / Standards for Distributed Plant data integration 20
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http://www.cropontology.org/

5 \e
)Crop Ontology %’% 7’
10 CGIAR  Dioversity
Elizabeth Arnaud et al.
Phenotype data in breeding Annotation must explain:

2/ How is the trait
observed ?

METHOD

Calculated
Panicle weight x panicle
density

Cyril Pommier / Standards for Distributed Plant data integration 21
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http://www.cropontology.org/

)Crop Ontology
WAWW.CLOD0N10102V. o8 CGIAR

Elizabeth Arnaud et al.

Phenotype data in breeding Annotation must explain:

3/ How is the trait
observation expressed?

1 = short (<90cm) .
2 = medium 1 =white
(>90cm and <110cm) 2 =cream

3 =tall (>110cm) 3 =vyellow

Cyril Pommier / Standards for Distributed Plant data integration 22
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http://www.cropontology.org/

)Crop Ontology
|

Elizabeth Arnaud et al. Woody Plant Ontology CIEED Community
Phenotype data in breeding oy rame Lo Tars ey Species

Authors  Célia Michotey

Version 1 )
Licence CCBYA40 Ontologles
Links CrooOnmioloay TVDS format
Aconis formant

24530 80 1 2 35 Traits, methods and scales NID: Nests presence (D)
85432 120 | 3 3 4 Kentier  WOODY-0000067
78452 95 |2 3 43 -

| 56093 100 2 1 50 4 Wooay Fant Doy COEESS NO(AGors)

Contextof use Tral evaluation

1 VARIABLE B — s s

-Fervley
Scentst Céa Mchotey

- Morphological (EIIEYED) Date 130372017
Crop  Woody Plant
— Oer
1 TRAIT/ENV Nests presance €2
Phenciogical (QIREEYED) Kertifier ' WOODY: 1000056
Name  Nests presence

+ 1 METHOD - Proelogesl D Descrigion  Presence o absence of nests

Quality m Main adDreviaton ND
+ 1 SCALE P
- Sress QUEYED Class Sress Biotc stress
Stress: ADIOSC stress Visus! scoring
Mentifier WOODY: 2000003
@ 4 Stress: BioSic stress Name Visual scoring

- ° o Descrigtion  Vaual sssesament with & relermnd
m la ppe EI' ’r Bacteral canker girding index (LD scormg scae
' Bacterial canker lesion g D G T

\ Presence’ absence (T0T)

PH EN ME Game camages @D ertfer  WOOOY 300000)

Name Presance’ Absence
Pronomic natwors @WF P P N .
f Nosts presonce (L0 . Nominel

Cyril Pommier/ Stand

NID: Nests prosence (T577 1) Oscimsiphases  ©
Ma O
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INTEROPERABILITY: STANDARD
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Minimum Information About
Plant Phenotyping Experiment

* Standard 3 * Implementations
: g:;isei)t(gl:?egge and traceability + Repositories/Databases
L Web Service $BrAPI
* Input and output for analysis pipelines X RDE
developed for phenotyping and genetic ¢

« hite://ourlorg/ppeo

Measures for interoperability of phenotypic data: minimum
information requirements and formatting

Hanna Cwiek-Kupczyfiska, Thomas Altmann, Daniel Arend, Elizabeth Arnaud, Dijun Chen, Guillaume Cornut, Fabio Fiorani,
Wojciech Frohmberg, Astrid Junker, Christian Klukas, Matthias Lange, Cezary Mazurek, Anahita Nafissi, Pascal Neveuy,

Jan van Oeveren, Cyril Pommier, Hendrik Poorter, Philippe Rocca-Serra, Susanna-Assunta Sansone, Uwe Scholz,

Marco van Schriek, Umit Seren, Bjorn Usadel, Stephan Weise, Paul Kersey and Pawel Krajewski &

Plant Methods 2016 12:44 DOL 10.1186/513007-016-0144-4

Received: 15 Apnil 2016 Accepted: 18 October 2
LEPLANT Towards recommendations for metadata and = eyl b :n':':" -
PHENYME  data handling in plant phenotyping

This Article

J. Exp. Bot, (2015%66 (18): 5417-
5427.

. doi: 10.1093/jxb/erv271
Jan van Oeveren’, Cyril Pommiers. Uwe S(holzz. Marco van Schriek’. Bjorn Usadel"" and First published online: June 9,

Stephan Weise’

Pawet Krajewski’s, Dijun Chen’, Hanna Cwiek’, Aalt D). van Dijk’, Fabio Fiorani®,
Paul Kerseys. Christian Klukas®, Matthias Lange". Augustyn Markiewi(ze. Jan Peter Nap’.

This article 2arerrs in:Spaal


http://purl.org/ppeo

emprans 10 "-;:.
- MIAPPE Construction

e Contribution

+ European Infrastructures : Elixir (Bioinformatics), Emphasis/EPPN
(Phenotyping)

« National Institutes: France, Germany, Poland, UK, Portugal, Slovenia,
Nederland, Belgium, Italy

* Steering committee
« Elixir: European Bioinformatic infrastructure
+ Emphasis: European plant phenotyping infrastructure

+ Bioversity International - CGIAR

+ Elizabeth Arnaud, Paul Kersey, Pawel Krajewsky, Matthias Lange, Cyril
Pommier, Bjorn Usadel

e Current Versions

+ Version 1: Transplant + EPPN + Phenome L PLANT! Vm,/“ éf);:N
+ Version 1.1 : validation in progress o PHENGME

* Documentation and model: Biologist friendly EIM GmmerE oy

* Adaptations to new implementations

Cyril Pommier / Standards for Distributed Plant data integration 26
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i MIAPPE v1.1 Overview

Ownership, contact
details, [database
accessions, publication
dates and DOls, etc.]

Primary
metadata

Publication
metadata

Whole Dataset e ,
-
metadata

Investigation

e.g. timing and location:
one location, several years;
Study study environment, nutrients;
Plant metadata sample collection,

processing, management

Experimental Trial | m
design + factors

Material
measurement e.g. observed variables,
Observation metadata hardware/software, etc.
unit

m

DEVER IS

Measures Measures

Cyril Pommier / Standards for Distributed Plant data integration 27
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e MIAPPE v1.1 Overview
Plant Material

e Biosource : Plant Material identification
e Multi Crop Passport Descriptor (MCPD) compliant

’ -

+ FAO & Bioversity International
¢ Genebanks

* |D Fields are reused in MIAPPE
* Key : Identification

¢ 0. Persistent unique identifier : PUID = URI/DQI
+ llostitutecode

+ ZAccessionnumber

o 2.Genus

+ S.lpecies

o 7.Subspecies : ‘subsp.” (for subspecies); ‘convar.’ (for convariety); ‘var.” (for variety); .’ (for

form);‘Group’ (for ‘cultivar group’)
o 28. Remarks

» Suitable for non Genbank collections : breeder varietal list, laboratory collection, ...

Cyril Pommier / Standards for Distributed Plant data integration 28
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https://www.bioversityinternational.org/e-library/publications/detail/faobioversity-multi-crop-passport-descriptors-v21-mcpd-v21/

MIAPPE v1.1 Overview
Variables

evpriar 1T .

 (Qbservation Variables
+ Phenotype & environment

<f

#® Crop Ontology
WWW.Cropontology.org

+ Trait : What is measured

+ Method : How is it measured

+ Scale: How is it observed

+ Variable : trait + method + scale

raits, methods and scales NID: Nests presence (00

idortifier WOODY 0000067
Name ND
Synonyms  Nests presence
Woody Plamt Ortology N NID{Adorss)
Context of use  Trnal evaluation
HENS, ITURUS 811U SLEeS PO MO T Woody Plant Ontology IS Status  Standard for INRA
[owwe 020] 0w cescu e s oo B | Aol Estimation Woady Plent Ontology ot Ol
g Whest vae | Cole Michotey Date 13032017
e entifier CO 321 0000299 " Crop  Woody Plant

i Aok soll olerance s s

CCBY40
Cre ;A‘\‘ KOGy
Adors ‘o

VDS formad

Nests presence L0

idortifier
Name

WOODY: 1000056
Nasts presence

¥ Nusisum wiernce ) Prysoogcal (KD Description  Presence o abser

' iy Quaty Main abbreviation  NIO

¥ CoMickerarce [N Method Otserve ™o growt Status  Standard for INRA
description low pH (ackd) sod Stross Class Syess Bouc stres

Y Orought iolerance [
¥ Frostdemepe D

Streas  Abxotic stress

Visual scorng

identifier

WOODY:2000003

Wt demage (D) Method name AcdTol Estimaton 4-- Stress: Biotc stress (LIEEEYYD Name  Visual scoring

+ Description Vsual assessment
Heat tolermnce O Bacterial canier grding index (LD SCONNG scie

Y Merbicide demage [ Class Estmation

T Laef roflieg incidence (1)

Method reference Roynolds et al., 20

Bacienal canker lesion lengeh (T

Presence/ absence (1)


http://www.cropontology.org/

L

AT MIAPPE v1.1 overview:
Metabolomic

* Existing standards
+ Metabolights, Minimum information MSI
« Full traceability

+ Sample treatment : temperature, tissue processing, molecule extraction
protocol, measurement protocol....

* MIAPPE

+ Elaborated data
+ Elaborated, computed variables: Leaf Sugar content by microplot

+ Link to Metabo archive

* Metabolight
* Metabohub

Cyril Pommier / Standards for Distributed Plant data integration 30

20 March 2018



% elixir

MIAPPE DATA REPOSITORIES
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e MIAPPE: Databases and Repositories

Implementation

Definition

e Production databases =N —
+ PHIS D s o
* (Cleaned data publication repositories o e
. GnplS H =g K
. BEto/dydol ore 10 deazg /1 gasoeceaTceeaaaaE 1)
+ eDale Q.5 o
+ PlantPhenoDB e
.

Cyril Pommier/ Standards for Distributed Plan



http://dx.doi.org/10.15454/1.4489666216568333E12

MIAPPE FILE ARCHIVE

MIAPPE ISA Tab

Cyril Pommier / Standards for Distributed Plant data integration 33
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MIAPPE File Archive

* |SA Tab for Phenotyping .
+ Investigation/Study/Assay @ gh ol concap 0k

related studies

o o study
* ZI p ArCh IVe the central unit, containing
information on the subject
under study, its characteristics
e MIAPPE Metadata and any treatments applied.
a study has associated assays
 Raw data
assay
— CSv test performed either on
material taken from the
. . subject or on the whole initial
— Images or binary files subject, which produce
qualitative or quantitative
— Reference to image archive (URI/URL) sk, ke 4

* Elaborated data EE:J M ‘J { 53 v\} {é {V Data files

- CSV

J/

assay(s) assay(s)
— Provenance ‘

pointers to data file

° Tra i n i ng a n d i m p rove me ntS names/location

+ File and metadata curation . P
native or other for-
+ BrAPI to IsaTab portable tool o '

data data

Cyril Pommier / Standards for Distributed Plant data integration 34
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MIAPPE WEB SERVICES
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s MIAPPE: Web Service  §9 BrAPI

* Breeding API

Bill & Melinda Gates Foundation

* International collaboration A oM DA
« Excellence in Breeding platform (CGIAR) IBP o
« Coordinator : Peter Selby Boversity %% E]
« Lead: Lukas Mueller, Jan Erik Backlund, ORAD _Sg'“
Kelly Robbins e WNT e 7,’\
* Vision : GoBIl =TT |
+ Standard Open API egeninger :-=' =INRA
« Easy, secure, and efficient DaRT Jo, acenneEn
« Information Exchange Comnell

+ Between systems and applications IPlant

« Breeding is the main target

Cyril Pommier / Standards for Distributed Plant data integration 36
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MIAPPE STATUS AND PERSPECTIVES
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Adoption

Plant community involved
«+ Elixir (European bioinformatic infrastructure)

+ Emphasis (European Phenotyping infrastructure)
+ Bioversity international CGIAR

* Breeding APl is Elixir official Phenotyping standard web
service

 MIAPPE and BrAPI high collaboration

+ adoption and compliance

* Data repositories and management tools

ZURGI « GnplS hitps://urgiversailles.inra.fr/gnpis/

e + eDale hitos://edal.ipk-gatersleben.de/

——y + PlantPhenoDB at IPGPAS_http://cropnet.pl/plantohenodb/

+ In progress: COPO, Elixir plant databases (iBet, WUR, VIB, ...),
Brassica Information Portal, ...

Cyril Pommier / Standards for Distributed Plant data integration 38
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@%/,, eliXir

Perspectives
e Version 2 : Emphasis, Elixir, ...
+ Environment .
- W
+ Sensor traceability & PhenoHarmonlS
+ Phenoharmonis Workshop Montpellier may 2018 workshop

* Elixir data lookup service, MIAPPE enabled.
+ Data discovery
+ Elixir
+ WheatlS & Emphasis ?
+ Open source software
* Dataset Validation
+ Elixir
+ File archive (ISA Tab) and BrAPI based

Cyril Pommier / Standards for Distributed Plant data integration 39
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Earlh:n AknOWIedgment & QUEStIOnS

gt
..n.sn.tu’te tran@ EX(CE’E" ate ’% e BrAPI

\o,
(oo \ ;.Crop Ontology

Bioversity international CGIAR
¢ Elizabeth Arnaud
¢ Marie Angélique Laporte

IPG PAS

. Hanna Cwiek-Kupczynska
. Pawel Krajewski

o)
“VIB

GATERSLEBEN
. Matthias Lange . Cyr|I Pommier ¢ Frederik Coppens
. Anne Frangoise Adam
~ INSTITUTO Blondon -’ u WAGENINGEN
. 8?&?5,’3'8':” «  Guillaume Cornut . & ‘
iBeT . Thomas Letellier o . Richard Finkers
* |Bet Célia Michotey .
e Bruno Costa +  Francois Tardieu m|Stea ‘ .o
& Inés Chaves - Pascal Neveu o R & S J JULICH
. Forschungszentrum
s Célia M. Miguel + ManuelRuiz .
. Pierre Larmande * Bjorn Usadel
e IGC
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