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Data integration to maximise
the power of omics
for grapevine

improvement

Federations of information systems In
the Plant community and possible
application to Grapevine

A-F Adam-Blondon (INRA, FR)
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Enabling interdisciplinary research

Example: modelling the impact of climate change using
plant phenology

Global plant phenology data portal: www.plantphenology.org

Pan European PEP725 Plant phenology database: http://www.pep725.eu/

Phenology data Climatic data
Date associated to: . . _, Date associated to:
Interoperability - e
« Measures (e.g T°C, ...)
 Events (e.g. hall, ...)

— Geo-reference «
— Species
—event (e.g. 50% of opened flowers)
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http://www.plantphenology.org/

Example: modelling the impact of climate
change using plant phenology

Phenology data : different sources, different accuracy in terms of

identification of the plant material, scoring methods, record formats, ...

* Modelers of the impact of climate change
« (Geneticists, Breeders

« Genbank managers

« Experimental station managers

* Producers: vintage dates

« Crowd sourcing
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International
repositories

GeneBank &
EMBL
archives
Standardized

data, identifiers

GLIS/DOI
BioSample

Curated data

Agroportal
Biosharing

Grapevine
community’s
repositories

Gramene
ORCAE
VitisCyc

VVIC
VitisDB
GRIN

GnplS

Crop
Ontology

Data integration,

Communitity
standards

Identifiers,
reference data

knowledge developmen

KnetMiner

InterPRO...

o CcosE 2
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Data Is scattered In

an “ecosystem” of

From Adam-Blondon et al (2016) HortRes. 3:16056

- Information systems

of the E

Data production

Infrastructures
for genomic
data
production

Grapevine
Germplasm
Repositories

Infrastructures
for plant
phenotyping

Individual data
producers



|2}5RGI i Insertion of GnplS In federations of
Information systems

2002: Single
database

2008: DB

@;UHPIS'COFGDB Interoperability

2010: set of interoperable databases

G * GxE
HPaldglejiY/elsisi e QTL maps
= (€]

* GWAS; GS

_ ' e Genetic maps
Sa N  Genetic markers | .
6 = Aceicti] B 2015: Distributed
* Annotation; Synteny . .
¢ Transcriptome |nf0rmat|0n SyStem

e SNP / Structural variants

@gnpls Information System
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Featuring federations of information systems

» A network of (stable/sustainable) nodes
A central portal offering services (e.g. search data)

Nodes = Resources

Hub—-> Portal
» Services access
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Backbone of good
practices enabling
such infrastructures

IEdable Accessnble nteroperable Reusable
[ 2 J
JORLE: I ¥:

Wilkinson et al (2016)
SCIENTIFIC DATA,
3:160018, DOI:
10.1038/sdata.2016.18
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Two main examples of federations

- The Wheat Initiative (G20 Initiative) and its //@WHE AT @
Wheat Information System Expert Working =8 INTIATIVE et
group (www.wheatis.orqg). Also supported by == INRA
the Research Data Alliance. oo

- The European Infrastructure for Multi-scale PHEN®OME R
Plant Phenomics and Simulation B LA b

(EMPHASIS) and its information system
(https://emphasis.plant-phenotyping.eu/e- EIM

Infrastructure). In the frame of a strong
collaboration with ELIXIR %//‘
EMPHASIS

IN SCIENCE & TECHNOLOGY IN



http://www.wheatis.org/
https://emphasis.plant-phenotyping.eu/e-Infrastructure

Developing a federation of FAIR data
repositories and commons
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Development of guidelines: e.g. www. wheatis.org
Submit Data Tools Links WheatlS Nodes

WheatIS Wheat Data Interoperability Guidelines

Collaborators Search

@ PRATT J.C. / INRA {/ e

Home Guidelines « Onfologles & Vocabularies =  Use cases v Getting owolved Adout « Q 0 Dec

Welcome AW

These dations have been prepared by bers of the W ats Intoroperability Working

(wc).meomemoonmmmnmAummmmwcam jrcuiture Di @ ) WheatlS
sor Lo ¢. The group Is coordinated by members of the W' nitiativ lglobll \

IWM\Manore&nloroemmb«wm&mmmmmmlnmmmw 413 mLanc
research programmes to increase food security, nutritional value and safety while taking into account
societal demands for sustainable and resdient agricultural production systems.

More specifically, the WG aims to:

9 Dec

PROMOTE FACILITATE FACILITATE
the adoption of common sccess, discovery and reuse wheat data integration
standards, voecabularies and of wheat data
best practices for Wheat data
management

https://ist.blogs.inra.fr/wdi/ @9 ) \WHEAT
. / INITIATIVE
Dzale-Yeumo et al (2017) F1000Research, 6 : 1843
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For better search results, do not type punctuation o s)

Term Name: (Inchude obsolete terms & ) Term ID:
Additional Information
Enter a partial search term. As you are typing, you will see terms that maich what are you
have typed so far. If you select a term from the pull-down kst its coresponding 1D will be displayed in
the form. if you see * . and more” in the ist of values, you can select this value 1 be
redirected 10 a page where all possible values are listed. As an example. enter mitoc n the Term
Name box while the Gene Ontology s selected.

ymbols. For example, if you are looking for 4'-(L-

Registries of standards and guidelines

' @

- ittt
elixir  emsL i ~
Australia Sesgee’
UNITED Bioinformatics Resource ~ RESEARCH DATA ALLIANCE

orrcen B0 @ FAIRsharing.org
<> standards, databases, policies

.‘@' PLOS nature publishing sroup @ 0 EMBOpress

https://www.ebi.ac.uk/ols/ontologies

e, e B s A S e 9, B
oo 4,34 (Pebruney 2014)

815 o e e gy g b e, o o
Current 201
e tracking on G 0t

@ & & O http://agroportal.lirmm.fr/



http://agroportal.lirmm.fr/
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Developing search and data access
across federations
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Generic Data Discovery Tool

User web
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»
W

o

WheatlS

g

Filters fhb “ " 2l 1-10 0f 583 oo M 10 results per page v

‘ ‘ O m m 0 n Link to source Source Type Taxon  Description
Database . ., Triticum, Bibliography, OpenMinTeD, 10.
A TO0LOK (€57) 10.1007/810681-006-0153-0 OpenMinTeD Trteum L ot with Pusarum neaa bight &
[J OPENMINTED (126) Triticum, Bibliography, OpenMinTeD, 10.
\l— Apache CIWHEAT GENE CATALOG AT 10.1111/11364-37032006.00349 x  OpenMinTeD  Bibliography ~ Triticum  Arabidopsis thaliana-Fusarium graminez
KOMUGI (10) resistance among ecotypes Fusarium gr
N - [J GRAINGENES (7) Triticum, Bibliography, OpenMinTeD, 10.
Do @) 10.1007/500122-006-0297-2 OpenMinTeD Trtcum ot of i ines or
CIPLANTPHENODS (1) Triticum, Bibliography. OpenMinTeD, 10.
0 e Type 10.1130/G06-010 OpeniinTeD  Bibliography ~ Triticum  EST mapping and s association with a
[CJACCESSION (361) wheat
[IBIBLIOGRAPHY (126) Triticum, Bibliography, OpenMinTeD, 10.
) [JEXPERIMENT (60) 10.1007/00122-008-0249-7 OQpenhinTeD THEUM  major gene controling fusarium head bi
CIPHENOTYPE (17) Triticum, Bibli
O : . Bibliography, OpenMinTeD, 10.
TGeNE (10) 10.1007/500299-005-0058-4 OpenMinTeD Trteum  ormation to mprove /€sistancé 10
[J GENETIC MAP (6)
Triticum, Bibliography, OpenMinTeD, 10.
CIPHENOTYPE (1) 10.1270/jsbbs.56.25 OpenMinTeD Bibliography Triticum blight severity in recombinant inbred pof
CIPHYSICAL MAP (1) barley
OarL (1)
, R , Triticum, Bibliography, OpenMinTeD, 10.
Species 10.1111/1.1439-0: 006.01182.x OpenMinTeD Triticum major quantitative trait loci for fusarium b
DI TRITICUM AESTIVUM (454)
CITRITICUM (126) 10.1007/500122-005-0156-3 OpenMinTeD Trtcum iticum, Bibliography. OpenMinTeD. 10.

[ LEYMUS RACEMOSUS (1)
O TRITICUM DURUM (1)
O TRITICUM TURGIDUM SSP:

with resistance to Fusarium head blight

Spannagl et al. 2016, https://doi.org/10.3835/plantgenome2015.06.0038
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https://doi.org/10.3835/plantgenome2015.06.0038

transPLANT data model

Sequence feature

feature type
[sequence id]
[sequence version]
[start_position]
[end position]

Genetic marker

tranﬂa !

\

e map
e map_position
e [xref] (Seq. feature)

Accession

e authority

Phenotype

| Database entry
i T

id

en

database name
ab_a
~{db—version}

[name]

description

Ui

[species]*

e & 8 & & 8 0 00

[trait]

[trait_id]
[environment]*
[environment_id]"
[statistic]

[unit]

Full text search

Facettes / Aggregations

GWAS result

e genotype
o xref (Phenotype)

QTL

o xref (Seq. feature)
e xref (Phenotype)

Experiment

e experiment_type
e [xref]” (Phenotype)
e [xref]” (Accession)

Reaction

no additional flelds defined

Other

no additional fields defined




WheatlS data discovery:
https://urgi.versailles.inra.fr/wheat

Gramene

(— Wiy

| WheatlS
Sequence
Repository 00|

. .
File Repositor

|

PlantsDB,

CIMMYT, ...
cCcosE L O cosracion
EUROPEAN COOPERATION CAT7111
TEGRAPE

Alaux et al. G&fioié Bigtegy 2018, https://doi.org/10.1186/s13059-018-14914  IN



https://doi.org/10.1186/s13059-018-1491-4

WheatlS data discovery tool: evolution

WHEAT
IKITIATIVE

URGI

IWGSC@GnplS [18 566 139]

GnplS 92 214]

OpenMinTeD |3 398]

WheatlS File Repository [6]
EBI

Ensembl Plants 2 122 280]
IPK

CR-EST [199 220]

GEBIS [50 875]

MetaCrop [177]
Gramene

Gramene [229 789]
UWA

Wheat Pangenome [167 167]
T3

The Triticeae Toolbox [138 441]
South Green

AgrolLD [127 060]
Rothamsted Research

KNetMiner [110 775]
GrainGenes

GrainGenes [15 827]

Wheat Gene Catalog at

Komugi [3 043
PGSB

CrowsNest [13 324]
CIMMYT

CIMMYT Dspace [987]

CIMMYT dataverse [1]
IPGPAS

PlantPhenoDB 2]

Wheat@URGI WheatlS Wheat Initiative

Wheatl!S p;a\ ¥ % oy
A et

Wheat Information "‘f"a“
System

Examples: yield, thb Search

Ibeta! https://urgi.versailles.inra.fr/data-discovery-
staging/

Based on user’s remarks:

« New nodes

« New data

* New filters/data types

Open software, very generic, that can (and is)
adapted to any type of federation:

e.g. the federation of information systems for of the
french infrastructure of genetic resources for research
in agriculture, AgroBRC-RARe (!beta!
https://urqgi.versailles.inra.fr/rare-beta/ )

IN SCIENCE & TECHNOLOGY Pee o e e e


https://urgi.versailles.inra.fr/data-discovery-staging/
https://urgi.versailles.inra.fr/rare-beta/

The GnplS search tool : prefiguration of a search
tool for a plant community

L]
Filters P ﬂuwering 4 1-10 of 2, 485 F L3 H 10 results pEr page st E EE
e Link to source Source Type Taxon Description
- at Senome Vitis GWSUNITO2958882001 is & match:GWSUNI of Vitis vinifera located betweer
Datsbase GWSUNITO2058289001 Gnpls e Vinitera 20189717 and 20200874 on chrd and which properties are Target=ASZND2 3
D 188, lcad_id=GWSUNIT032588282001 target_specie=Citrus unshiu,Note=un]..
GNFIS {1083) Cenome Vitie GWSUNITO2959067001 is 3 match:GWSUNI of Vitis vinifers located between
L] knETMINER (771) GWSLUNITO2959087001 GnplS e Vinitera 20189720 and 20200820 on chrd and which properties are Target=037FM2 |
D SOUTHGREEN AGROLD {491) 187, locad_id=GWSUNIT03253087001 target_specie=Triticum aestivum,Naof...
- GWSUNITO2380882001 is & match:GWSLUNI of Vitis vinifera located betweer
[ opermamten (13 GWSUNITO2BE08E2001 GnrplS S’::;;;?Dn :':';Ea 20198702 and 20200265 on chrd and which properties are Target=07XAB3 *
L iwescacnrpis 21) 173, load_id=GWSUNITO29208582001 target_specie=Pisum sativum, Note=un|
U euris iBrowsE (6) Genome Vitis GWSUNITO2545834001 is & match:GWSLUNI of Vitis vinifers located betweer
Type CWSUNITO2545504001 Gnpls et vinitera 0441232 and 2554486 on chr? and which properties are Target=084371 24
] 782 load_id=GWSUNITD2545534001 target_specie=Oryzs sstiva subsp japl..
GENE ANNOTATION (1272} Genome Vitis GWSUMITO2548412001 is & match:GWSLUNI of Vitis vinifers located betweer
[ cEnoME AMNGTATION (1059) GWSUNITO25468412001 Gnpls e e 2544200 and 2554488 on chr7 and which properties are Target=0BSWED 22
D BIBLICGRAPHY [113) 774, locad_id=GWSUNIT03548412001 target_specie=Fea mays,Mote=uniprot
- GWSUMITO2548412001 is & match:GWSLUNI of Vitis vinifers located betweer
[erenoTvee 15) GWSUNITO2546413001 GnplS S’::;E‘?Dn :':';Ea 2547285 and 2554438 on chi7 and which properties are Target=Q8SWE 22
] exPeRIMENT (12 £12,load_id=GWSUNMITO2546412001 target_specie=Fea mays,Mote=uniprot
HarL e Genome Brassica chrA08:9226218. 92313968, Start = 8326218 , End = 9331298 | Strand = -1 ,
[ SEQUENGE FEATURE (5 chrA06:9226218..9221298 Gnpls i o =87 9326213 9321296 -1 19 9320522 92231326 -1 chrADE 11482201 exon 2
5 P GWSAL 4 8320944 0330023 -1 GWSAL 2142 98 exon chrA0S 114682]. ]
[ ewas anaLvsis ) Genome Brassica chrC07:24412003.. 24412323, Start = 24412002 , End = 24412333 , Strand =
D MARKER (1) chrC07:34412003. . 34412333 GnplS annotation S transoript , Mote2 = ATFPF1 | flowering promoting factor 1 | chr5:8541822-85¢
Species P FORWARD LEMGTH\ , Id = 11538475 , Name = GWSA{T0002]...]
. chrA08: 18738505, 18738015, Start = 18738585 | End = 18738015 , Strand =
{E;;?nmmpsm THALIANA ChrA0S:18738585..18738915 GnplS S’::;E?Dn S:f'sj'im ATFPF1 | flowering promoting factor 1 | chr5:8541822-5542154 FORWARD L
I:l P Type = transoript , Seq_id = chrA08 |, Mame = GWSAITO00[...]
3935’0'-'"‘"”’”1 LY COPERSICUM Cenome Bracica chrC03:2119738.. 2120065, Start = 2119738 , End = 2120065 , Strand =1 , N
{ ! chro03:2119738 . 2120085 GnplS annotation N Symbeols: | BEST Arabidopsis thaliana protein match is: flowering promeoting |
Llwimis viniFERA [240) >

I:l TRITICUM AESTIVUM {178)
I:l TRITICUM {113}
I:l BRASSICA NAPUS (70) W

{TAIR:ATEG24880.1)\ , Source = GWSAL , %20other¥%20eu]...]

8 INRA-URGI 2008-2019 | Legsl mentions | Designed by SWAD | Contributors




Deeper interoperability in federations
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e BrAPI Breeding API Iinitiative

http://www.brapi.org/

The Breeding API (BrAPI) Project is an international effort to create a

RESTful specification that enables interoperability among plant breeding
databases -> standard web service

-
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Enabling improvements of data services

e?(c?elerate

Data endpoints

sis SeBrAPI

E’gﬁ- Search
interface
PHEN : Ml;

INRA, WUR

/ Data Cache \

Data
.
E Harvester ‘e o O
' NN
eb Service =
1L & =5 58
£ x elasticsearch| © 3
VIB, Pt =
> \_ J
> "
o (7)miappe  Batch E’%ﬁ‘
EBL... \-:; |5atab'“1 Download
- )
'6
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Conclusions and perspectives

Light tool that connect already existing databases to a
single search tool

Builds a community working together towards making
data «machine actionnable »: FAIR

P
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