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Data Management Challenge

Plant phenomics is multi-source and multi-scale, with and added complexity of time

. Green house Platforms
« omics » Platforms

Various scales and data types

#

&

Various data complex types

Genomics

o

Piant biomass g
-

Composition and the structure of biopolymers

Quantification of metabolites and enzyme activities

Managing all these data is a real challenge an probably one the most limiting steps

Fiela riatrorms Farm Platforms

Various scales and data types
» Cell, organ, plant, population
* Images, hyperspectral, spectral, sensors, human readings...
time >

Various scales and data types from thousands of farms
+ organ, plant, population, site
* Images, sensors, human readings...

CC BY-NC-ND




PHIS is an Information System for plant phenomics able to...
(Phenotyping Hybric Information System)

Data management

Store, organise and manage

* Highly heterogeneous data (e.g.
images, spectra, dynamic traits,
environmental data)

e Multi-spatial and temporal scale data
(leaf to canopy level)

e Multi-source (field, platform)

Metadata enrichment

Not only storing data but...
Enrich datasets with the
necessary knowledge (enable
reuse of data and meta-
analyses)

www.phis.inra.fr

CC BY-NC-ND

=> Provide FAIR data (Wilkinson et al. 2016)
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Methods

Dealing with multi-source and multi-scale information in plant
phenomics: the ontology-driven Phenotyping Hybrid
Information System
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Interoperability

Interoperate and integrate data

into/from external resources
(e.g. modelling platforms or
external databases)
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Object identification (URIs)

VARIETY

0118 BZ PG 23
El_‘ ZM4388

SCENARIO

In PHIS all objects are identified using URIs (Uniform Resource Identifiers)

=> standardized, unique, unambiguous identification Oty %@:p_;
5
Prefixm3p: <http://phenome-fppn.fr/m3p> (a) Prefix diaphen: <http://phenome-fppn.fr/diaphen> ( b)

URI of plant

URI of plot
<m3p:arch/2017/c17000118>

<diaphen:2017/01700029>

URI of pot:

<m3p:arch/2013/pcl13001542> URI of plant:

<diaphen:2017/17000147>

URI of cart:

<m3p:arch/2013/ct1300123> URIof leaf:

<diaphen:2017/117000590>

URI of cabin:

<m3p:arch/2018/ac180015 URI of camera:

<diaphen:2018/ac180002>

URI of camera:
<m3p:arch/2018/ac180019>

URI of image:
<diaphen:2017/ic14001480237>

URI of image:
<m3p:arch/2017/icl17002295855>

Neveu et al. New Phyt 2018

The same applies to sensors, people, events, infrastructure, variables...

CC BY-NC-ND
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Ontologies

 Une ontologie est I'ensemble structuré des termes et concepts dans un domaine de

connaissance.
 |'ontologie constitue en soi un modele de données représentatif d'un ensemble de

concepts, ainsi que des relations entre ces concepts.
 L'ontologie est aux données ce que la grammaire est au langage.

i Y
. Sample )
- —_

/': Earlnflorescence
;
.
_/ i /-’ —

/ 7 [ Plot )
; N

ri e —

.___-"Ilr/j__/ is:-%-"?’ e

(" Rootstack |
L o -
/)

-"_r, is @ r—

/ B

X dr [ Leaf |

WA e, T
—{_ScientificObject

ol
— i —
A \Seed )

Mg-a e

\ 'Z;_ PIantGr-:-up-_:Z' o i
CC BY-NC-ND [ scion ) ‘@F
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OEPO (Ontology for Experimental Phenotypic Objects)



How information is organised? Object identification and vocabulary (URIs and ontologies)

Object identification Semantics (controlled vocabulary)

In PHIS all objects are identified using URIs Ontologies allow to define terms and

(Uniform Resource Identifiers) S formalise relationships between them
=> standardized and unambiguous identification

“the continuous organism originating
from a single seed, callus, rhizome or

Prefix diaphen: <http://phenome-fppn.fr/diaphen> (b) any other propagation mean”
comment
URI of plot / “ ”
<diaphen:2017/01700029> Plant __ label —'[ Plante” @fr ]
URI of plant: Iabel\
<diaphen:2017/17000147>
rdf:type [ “Plant” @en ]

URI of leaf:
<diaphen:2017/117000590>

URI of camera:
<diaphen:2018/ac180002>

Classes

Instances

-
() Literals
—

Relationships and propetgties

URI of image:
<diaphen:2017/ic14001480237>

Neveu et al. New Phyt 2019
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How information is organised? Object identification and vocabulary (URIs and ontologies)

Object identification

In PHIS all objects are identified using URIs

(Uniform Resource Identifiers)
=> standardized and unambiguous identification

Prefix diaphen: <http://phenome-fppn.fr/diaphen> (t))

URI of plot
<diaphen:2017/01700029>

URI of plant:
<diaphen:2017/17000147>

URI of leaf:
<diaphen:2017/117000590>

URI of camera:
<diaphen:2018/ac180002>

URI of image:
<diaphen:2017/ic14001480237>

Semantics (controlled vocabulary)

Ontologies allow to define terms and
formalise relationships between them

Plot

Plant

Neveu et al. New Phyt 2019

rdf type

Rl

oo BeD The same applies to sensors, people, events, infrastructure, variables..

rdf: type

isPartof

[

GPS: 3. 973 E, 43.613 N ]

ogc: hasGeometry

isPartOf

-
CJ

rdf type #

Classes
Instances

Literals

Relationships and propetgties



Application vs reference ontologies

OEPO and OEEv application ontologies can be specific to either field or controlled conditions, but a number of terms and
definitions are mapped to or reuse reference ontologies including:

Application ontologies
(cross domains of knowledge)

o OEPO: Ontology specialized for
describing objects participating in
phenotyping experiments

o OEEv: Ontology aimed to represent
events that occur during an experiment

CC BY-NC-ND

e

Reference ontologies (domain specific)

e Crop ontology (CO)

e Plant Ontology (PO)

e FAQO/Bioversity Multi Crop Passport Descriptors
e Semantic Sensor Network Ontology (SSN)

e PATO

« PPEO (MIAPPE)

e other semantic resources such as the AGROVOC,
ICASA, EMPHASIS |



Variable identification: Plant height example

’Crop Ontology

for agricultural data

In PHIS each measured variable is described using the Trait + Method + Unit structure

o R - I

M1: Total height

M2: First tassel branch

M3: Last expanded leaf

NA: Vaiinoact ornwino laaf

...There is an uncountable number of combinations...

Each trait, method and unit has to be identified if we want to share and reuse data
1 111

T1: Plant Height

MS5: Highest pixel
corresponding to plant

U3: pixel

CC BY-NC-ND



A qui et a quoi sert PHIS?

1. Platform users and staff
 Management of phenotyping experiments / infrastructure
 Data exploration and pre-analysis

CC BY-NC-ND
10



Experiments: contextual information

ARCH2017-03-30

® Add annotation M Add event EE QrCode 22 Graphic Visualization

Alias ZA1T
URI hittp: /fwww. phenome-fppn.frim3p/ARCH2017-03-30 PrOJ ects
Species Maize
Project PHENOME-FPPN, Progress_Genetique, XYZ <4 .
Installations
Start 30 Mar 2017
End 30 Jun 2017
4
Installation(s) hitp:/iwww. phenome-Tppn.fr/m3p/phenoarch, hitp/fwww.phenome-fppn. fr/m3p/phenodyn
Staff & teams
Scientific Cabrera@supagro.inra.fr, Francois tardieu@supagro.inra.fr, Olivier turc@supagro.inra.fr, Welcker@supagro.inra.fr
Supervisor “
Technical Nicolas.brichet@supagro.inra.fr, Nathalie luchaire@inra.fr, Benoit.suard@supagro.inra.fr
Supervisor
Comment Cette manip vise a analyser les traits associés avec le progrés de rendement dans une série historigue de mais composée d'hybrides FR— PR MR
représentatifs des différents zones et leur réponse au déficit hydrique, en combinant des approches innovateurs basées sur le phénotypage METHODOLOGY Opon Acceis
a haut-debit en plateforme en complément avec des mesures au champ. Parmi les traits explorés: la variabilité de la croissance et la A robot-assisted imaging pipeline @--
- . P - . R - . ) . for tracking the growths of maize ear and silks
transpiration et leur réponse au deficit hydrique / haut température ainsi qu'un suivi sur le développement reproducteur via analyse d'image in a high-throughput phenotyping platform
(camera XYZ) et mesures fines. Le panel est composé de 60 hybrides francais. T o et ool O 9,
Dans cette manip on a fait une pré-calibration de la manip sorgho gui aura lieu en septembre 2017.
Keyword Genetic gain, maize, grain abortion, silk growth, greenhouse, phengsaaams
Document Plme_d_17_00129.pdf 4
Objects
#0bject 349 Ear inflorescences, 359 Leafs, 1496 Plants ' =
___CCBY-NC-ND
#Variety 62 ® 11




Sensors and environmental variables

Sensor characteristics, linked events and outputs are easily visualized

par02_p
@ Add annotation ™ Add event | Data of par02_p =
1500

Device Alias par02_p -

‘;‘ 1250
URI hitp:/www.phenome-fppn.fr/m3p/arch/2011/5a110008 I O

% 1000 u tp u t
Device Type RadiationSensor %

é 750
Related Concept http://purl.oclc.org/NET/ssnx/meteo/aws#QuantumSensor %

£ soo
Brand Skye Instruments £

5 2 I ‘ ! .
Model SKP 215 £ i I ;

o / . N

Variable PAR L[ghl'wea[her stalion'micromot@ 22 jun 12:00 23 Jun 12:00 24_Jun 12:00 25 Jun 12:00 26 Jun 12-00 27_Jun 12:00 28 Jun 12:00
Variable uri m3p:variable/ev000005 - 9
Documents Par_quantum_skp215_pdf \

SKP 215
PAR Quantum Sensor

Sensor characteristics

Events linked

Showing 1-5 of 6 items. _I
# Type Description Concern Alias Date of Event |
Event ~ \
!\
1 oeevinstallation PAR sensors placed at 210 cm m3p:/arch par02_p 2017-05-17T12:00:00 [
above canopy 12011/5a110008 |
2 oeevinstallation PAR sensors placed at 180 cm m3p:farch par02_p 2017-05-08T12:00:00+01:00 )
above canopy 12011/5a110008
Even tS /In k€d 3 oeevinstaliation PAR sensors placed at 160 cm map:/arch par02_p 2017-05-04T12:00:00+01:00 @ \ Lin ked docum en tS
above canopy 12011/5a110008 ‘
4 oeevinstallation PAR sensors placed at 140 cm m3p:/arch par02_p 2017-04-28T12:00:00+01:00 @ .'3‘
above canopy /2011/5a110008 il

CC BY-NC-ND 5] oceev.ManualCalibration Calibration m3p:farch par02_p 2017-03-13T12:00:00+01:00 1

12011/5a110008

12




http://www.phenome-fppn.fr/m3p/arch/2017/c1700024 1

Code Variable

air temperature:weather station:degree celsius

35

30

air temperature:weather station:degree celsius

20 l\ _llIli

25 .- ';_

i)

h—"\ H L. h_a-..-_« \4 _,‘

\ )

A

|

-

Data of air temperature - weather station:degree celsius

= |

-—l'—n
‘n k e

L

-~

|
| \
\ o A . L L )
. [ "
4 Q
4 L

CC BY-NC-ND

10. Apr

17. Apr

24. Apr

1. May

enoc

!
(Y
R R R ) SRS R R S T [ Y vy v e o TR
L
|

8. May

15. May

22. May

Sowing at PHENOARCH platform Thinning to 1 plant per pot Installation of plant tutors (83 g) - Transfer of plants from PHENOARCH to PHENODYN Harvesting of the plant
10 —

29. May

.




Graphic visualisation

e Display of images, and time courses of phenotypic and environmental variables
e Raw images, segmented images and metadata can be displayed in both field and greenhouse experiments
 The interaction with the knowledge linking data with events and environmental sensor outputs.

l£2 Graphic Visualization : ' e
c)
Search Criteria »~

Experiment (ex. ARCH2016-04-15) *

I ARCH2017-03-30

Object Type *
I Ear inflorescence

Variety (ex. Lo1270_H)

iPG029 % (b)

e T
Search Colena v

Scientific Objects (ex. 0001/Lo1270_H/ZM2887/d151/WD/} T ; y r‘- | - 4 3 7
0331/DZ_PG_06/ZM4376\WWV/Rep_2/06_31/earl/ARCH20 yw
L& i & Il =) >

— Variables Selection

Imaging (ex. Convex Hull Plant Area) I rectabon of event
silk_volume_Gilk_detection_llastik_pixels x o p . b ool ki

View Type (ex. side60)

Select view type

CC BY-NC-ND
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A qui et a quoi sert PHIS?

2. External users (Interoperability with external platforms)
e Re-analysis and meta-analyses
* Modelling

CC BY-NC-ND
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Web service API
Web service API allows one to virtually interoperate with any external client

- Databases and storage

4 Relational noSQL Semantic Distributed
E database: H database: H database: toragesystem:
PHIS — — [ _
—7 ¥ —I0mongor: — () iRODS
\_ L %
- e Web Service API ~
Breeding API Swagger
. Jersey
Web service =.BI'AP| ﬁj Input and output JSON format
g VAN I )
Clients
4 N <) )
. PHISweb client developedin Yii2 R L{Sﬂg
External client &
ﬁﬁy @ )’ yiiframework i Ope”A"ﬁ coe
thon ’
~ CC BY-NC-ND J K > ;)/
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Interoperability with external DBs and resources
Web services allow to virtually integrate and import data to any external client

Integrate environmental data from a diversity of sources Agriscope (Ag”bases)

"1@!:;!!:

—_— PHIS AGRISCOPE
° A L'ECOUTE DU VEGETAL
<«  Web Service

Agroclim stations CIMEL

PHIS Il
Web Service ,

A
@ T \ @

| A

: ‘.\.’/r L

M SN .
N W A A
| il
;

2| — o T - it
" aets . P2
[ | s . Agroclim

(o

python

CC BY-NC-ND

Data and graph query (via web user interface or R/Python client) v




Interoperability: 3D reconstruction pipeline

PHIS may provide data and contextual information necessary to perform image analysis and re-analysis of
datsets

1

* |mages

* Camera settings

* Events

e Camera Calibration

—_— PHIS . Phenomenal Pipeline #
«— | Web Service — (3D reconstruction)

Artzet et al. in prep

CC BY-NC-ND
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A qui et a quoi sert PHIS?

3. Implementation into other platforms

CC BY-NC-ND
19




Implementation into other platforms ?
Can PHIS be implemented in other installations?

Ontology adaptation

Interoperability with local DBs

Clients

PHIS [ : PHIS web client J D

Web Service API + Triple Stg
- Semantic

Breeding API database:
$BrAP| + = noer:
1 yrdféj

Databases and storagel ‘

Local system (proprietary) ,. 4 J

DBs, sensors, ... -' - B

PHIS is being installed in other installations (5 PHENOME nodes, University of Nottingham and WUR)

CC BY-NC-ND
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TAKE HOME MESSAGES

Why PHIS?

- Allows integration, management and visualisation of multi-source and
multi-scale data

- Analysis and meta-analyses
- Integration of external data
- Flexible design => adaptability to other installations

CC BY-NC-ND ‘_@
21 £



TAKE HOME MESSAGES

Ecjdt}lb Acccamblo ﬂterﬂpcrable QEusable
99
JORLE: - J¥;

* |International identification (URI)

e Semantics (Ontologies, standardized vocabularies)

e Portal interoperability (Web services) with external resources

* Tracability (eg. Events) and reproducibility

CC BY-NC-ND
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TAKE HOME MESSAGES

Skills needed:

e System administrator (software installation)

e Data scientist (data management, development of data pipeline and
data analysis tools )

e Scientific knowledge (ontologies development)

CC BY-NC-ND
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TAKE HOME MESSAGES

Skills needed:

e System administrator (software installation)

e Data scientist (data management, development of data pipeline and
data analysis tools )

e Scientific knowledge (ontologies development)

CC BY-NC-ND
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