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11th of March [Day 1]

Location: Innsikten, VET building
Morning (Hybrid, 9:00 - 12:00 CET)

Lectures:

8:30 - 9:00: Welcome and coffee

09:00-09:20: Introducing Nordic phenotyping infrastructures and networks
Morten Lillemo (PheNo, NMBU), Kristiina Himanen (NaPPI, UH), Svend Christensen
(NBPPN, PhenolLab, UCPH), Xiang Su (NordPheno)

09:20-09:30: The Importance of Data Management in Plant Phenotyping — Morten
Lillemo (NMBU, NO)

09:50-10:25: Data management benefit, common practice and potential tools —
Jesper Cairo Westergaard (University of Copenhagen, DK)

10:25-10:40: Coffee break

10:40-11:25: The Road to Precision: Spectral Imaging for Abiotic Stress
Responses—Are We There Yet? — Sonia Negrdo (University College Dublin, IE)

11:30-12:00: Principles of handling UAV data — Sahameh Shafiee (NMBU, NO)



12th of March [Day 2]

Location: Innsikten, VET building
Morning (Hybrid, 8:45 -12:00 CET)

Lectures:

8:30 - 8:45: Welcome and coffee

08:45-09:15: Making Data FAIR compliant - Donald Hobern (APPN, AU)
09:30-10:05: Image- based Phenotype of Fusarium head blight in barley and wheat -
Brian Steffenson (University of Minnesota, USA)

10:10-10:20: Coffee break

10:20-10:40: TraitFinder: 3D Multispectral Phenotyping for Plant Research — Rita
Armoniene (LAMMC, LT)

10:40-11:10: Focus on PHIS main principles, architecture — Farzaneh Kazemipour
(INRAE, FR)

11:10-11:30: Closing online session - Kahoot



Making Data FAIR Compliant

Donald Hobern
donald.hobern@adelaide.edu.au

QPPN s

Infrastructure for Australia
Australian Plant Phenomics Network

An Australian Government Initiative
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Plant Phenotyping
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. Image-based measurement of plant traits
. Field and controlled-environment studies
. Time series trait data per plant/plot

. Associated environmental data

. Support variety development/selection

. Support optimal crop management
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Australian Plant Phenomics Network
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Standardising data

* WorldFAIR
 EU-funded with CODATA and RDA

* Synthesis of 11 case studies

* Improve FAIR implementation

Recommendation 1: Data Engineering

Policy makers and funders need to
encourage and enable a data engineering
approach in the data infrastructures that are
the most important to address major societal
and planetary challenges. Specifically,

this requires supporting long lasting data
aggregation and data integration services as
part of EOSC and globally.

https://doi.org/10.5281/zenodo.14236140
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WorldFAIR

Enabling Global FAIR
Data: WorldFAIR Policy
Recommendations for
Research Infrastructures

This document presents the policy recommendations

from the World FAIR project. It synthesises the

project’s findings and presents recommendations for I -
specific stakeholders, for the European Open Science ' 'S .
Cloud and other Research Infrastructures globally. ) &t
To meet the challenges and opportunities confronting

21st century science, including the need to support

interdisciplinary research and the impact of AL,

it calls for a shift to a data engineering approach

and for investment in metadata uplift and the

implementation of the FAIR principles to enable this.



https://doi.org/10.5281/zenodo.14236140
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Cross Domain Interoperability Framework .
CORE DISCOVERY UNIVERSALS

CONTEXT

(DDI-CDI/1-ADOPT?)

r.,

CORE ACCESS

(ODRL)

EXTENDED ACCESS CDIF PROVENANCE / PROCESS
e . METADATA - o
" - ? (JSON-LD)
variables S

MAPPINGS

Level 1 (SSSOM?)

CORE CONTROLLED VOCABULARIES

(SKOS)

Uses (Pairwise)

@ Uses Uses
RO-Crate

Uses hdl

CORE DATA DESCRIPTION

— (Schema.org / DDI-CDI)

DATA DESCRIPTION

Integration

Uses (Inputs & Result)
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Observation unit hierarchies for controlled environments
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|  Environments Biological Material
: * PotAl * Plant2
: * PotA2 * Leaf2a
* PotA3 * Plant3

I
| Hierarchy

| Cabinet A > Pot A2 > Plant 2 > Leaf 2a
I

I Data

I Entity Time Property Value

| Cabinet A t0 Temperature 30C

| Cabinet A to Humidity 72%

l Cabinet A tl Temperature 31C
Cabinet A tl Humidity 68%

I Pot A2 - Micorrhizae True

I PotA2 t0 SoilMoisture 47%

| Pot A2 tl SoilMoisture 45%

l Plant 2 to Imagelateral 100.tif
Plant 2 tl Imagelateral 101.tif

I Plant 2 to Height 67 mm

| Plant 2 tl Height 69 mm

Leaf 2a tl NDVI 0.72

Method
CabinetSensor
CabinetSensor
CabinetSensor
CabinetSensor
StudyDesign
SoilProbe
SoilProbe
RGBCamera
RGBCamera
CVPipeline
CVPipeline
HandheldScanner



MIAPPE - Minimum Information About a Plant
Phenotyping Experiment

e . Minimum information model, MIAPPE:
S Ry S—— . Covers most domain concepts — good starting-point

date‘nme

Wﬂhmm . Poor support for machine interoperability

Sta,.sg.ca. Ma:er.a. . Many free-format text elements
demgn source ) . .
. Missing several essential elements

has statistical design

r«-:mmm ” Im:em:;mmm . APPN supplementing MIAPPE from other models:
e has factor . has biclogcal materal .

e Provenance — Prov-O
Rt . Data structures — DCMI
Platforms and sensors — SOSA/SSN

J“ﬂwm‘m . Software pipelines — Software ontology?
X . Adopting CDIF, RO-Crate and JSON-LD
) Yl M

has modality

Factor has factor value
value
has spatial distribution

derives from  has observation level
Spatial
distribution |~ — - . has collection date
1 ZE% 1= pas piant anatomical entity

has superlevel

has sublevel
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APPN schema - https://schema.plantphenomics.org.au/

@Ghservation ©Cnntml @Sampling @Treatmenl:

N L

©Assay

/ wrﬂbsewatimumt usedMethod @ Control

@RESEB!’C"IMIWI[}'D isPartof ©SDEH:EJ{ECU[IDI'I @OhSEW&tIDI‘IUI‘II[ ¢ ciirole

[/ \ ©Cnntm!ied\r‘ariahle

@ schema:Action @ prov:Activity
! . hasTrait

@ Variable @Trait

hasDefaultValue

/ usedMeﬂwm:!\ii’roogicalUnitType
y

b
©SDEEZPI'OPEIT}" @cdi;RepresentedVariable @schema:lnstancekfalue @Method @BiolagicalUnitType @BinlogicalMaterial @Scale

forBiologicalMaterial has5cale
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APPN schema classes Lar

Scale
Method
ResearchActivity Variable
Investigation ObservedVariable
Study ControlledVariable
Assay SubstanceQuantity
Observation Observer
Control Controller
Sampling Sampler
Treatment Sensor
ObservationUnit Actuator
GrowthFacility ExternalEvent
Substance Person
BiologicalUnit SoftwareApplication
Sample Platform
GrowthFacilityType Deployment
BiologicalUnitType Location
BiologicalMaterial SpatialLocation
MaterialSource XYZLocation (=P e

plantphenomics.org.au




Node vocabularies

plant

photosynthesis

Institution |Scientist |Entity |[Attribute [Upper level terms [Trait name* |Trait description

\La Trobe University Ricarda Jost plant growth stages growth stages Plant development (doi:10.1111/j.1744-7348.1991.th04895.x)

La Trobe University Ricarda Jost plant growth habit plant quality trait overall stature overall plant phenotype meeting breeding objectives, e.g., compact, enhanced branching, determinate, indeterm
'La Trobe University Ricarda Jost plant nutrient supply nutrient use Amount of nutrient mix supplied to each plant

La Trobe University Ricarda Jost plant water supply plant water use Amount of water supplied to each plant

La Trobe University Ricarda Jost leaf damage spider mites leaf damage Spider mites leaf damage scale as determined by severity scale

La Trobe University Ricarda Jost leaf damage insect infestation thrips leaf damage Thrips leaf damage scale as determined by severity scale

La Trobe University Ricarda Jost leaf damage insect infestation whitefly leaf damage Whitefly leaf damage scale as determined by severity scale

\La Trobe University Ricarda Jost leaf damage insect infestation aphid leaf damage Aphid leaf damage scale as determined by severity scale

La Trobe University Ricarda Jost leaf damage insect infestation insect leaf damage Scale leaf damage scale as determined by severity scale

La Trobe University Ricarda Jost leaf infection fungal infection Botrytis cinerea infection Botrytis cinerea infection scale as determined by severity scale

La Trobe University Ricarda Jost leaf infection fungal infection Powdery mildew infection Powdery mildew infection scale as determined by severity scale

'La Trobe University Ricarda Jost leaf infection fungal infection leaf rust infection Leaf rust infection scale as determined by severity scale

La Trobe University Ricarda Jost leaf infection fungal infection Eusarium infection Fusarium infection scale as determined by severity scale

La Trobe University Ricarda Jost |eaf colour gradient leaf colour gradient Leaf colour differences between young mature and old leaves as indicators of leaf senescence

'La Trobe University Ricarda Jost leaf nitrogen deficiency nitrogen deficiency Plant species specific leaf symptoms that indicate nitrogen deficiency

La Trobe University Ricarda Jost leaf phosphus deficiency phosphorus deficiency Plant species specific leaf symptoms that indicate phosphorus deficiency

La Trobe University Ricarda Jost eaf phosphorus toxicity phosphorus toxicity Plant species specific leaf symptoms that indicate excess supply of phosphate

La Trobe University Ricarda Jost plant height plant height A whole plant morphology trait which is the height of a whole plant

La Trobe University Ricarda Jost branch length average branch length Average branch length of all branches of a plant

La Trobe University Ricarda Jost plant width maximal plant width Maximal canopy width as extension of longest branches

La Trobe University Ricarda Jost Stem width width of the main stem at base Width of the main stem measured at its base

La Trobe University Ricarda Jost Si€m ramification point count ramification points along stem A stem morphology trait which is the number of stem nodes. Using cotyledon node as 0, then counting subsequ
La Trobe University Ricarda Jost branch ramification point count ramification points along branch Using intersect with main stem as 0, counting subsequent nodes along branch towards its tip

La Trobe University Ricarda Jost branch leaf count number of leaves A shoot system morphology trait which is the number of leaves in a shoot system of a plant. Average leaf count
La Trobe University Ricarda Jost flower flower count number of flowers An inflorescence morphology trait which is the number of flowers. Physical count of all flowers on a plant

La Trobe University Ricarda Jost fruit ripe fruit count number of ripe fruit Physical count of all ripe fruit on a plant

La Trobe University Ricarda Jost fruit unripe fruit count number of unripe fruit Physical count of all unripe / green fruit on a plant

La Trobe University Ricarda Jost Plant weight harvest weight Harvest dry weight of branch, leaf, stem, root, tertiary / fine root, secondary / lateral_root, tap root / primary root,
La Trobe University Ricarda Jost root architecture root architecture Plant species specific root phenology

\La Trobe University Ricarda Jost plant chemical composition nutrient content results Laboratory nutrient results from these tissues: branches, leaf, stem, root, tertiary / fine root, secondary / lateral_i
La Trobe University Ricarda Jost plant chemical composition primary metabolite results Laboratory metabolite results from these tissues: branches, leaf, stem, root, tertiary / fine root, secondary / later:
La Trobe University Ricarda Jost plant chemical composition elemental composition results Laboratory elemental composition results from these tissues: branches, leaf, stem, root, tertiary / fine root, secol
La Trobe University Ricarda Jost Plant fluorescence trait leaf fluorescence Leaf fluorescence data / parameters

La Trobe University Ricarda Jost

total amount of carbon fixed by plant/leaf Leaf carbon assimilation rate




Example node vocabulary
https://id.plantphenomics.org.au/LTU/

https:/lid.plantphenomics.org.au/LTU/ObservedVariable/number_of |eaves

rdfs: label
number of leaves

Observed

A shoot system morphology trait which is the number of leaves in a shoot system of a plant. Average leaf count on a number of representative branches Va nable

rdfs: comment

skos: altLabel

leaf number

dc: creator Tralt

Ricarda Jost

dc: language
English

skos: exactMatch
http://purl.obolibrary.org/obo/TO_0000241

Scale

skos: relatedMatch
http://purl.obolibrary.org/obo/TO_0000659

appn: hasTrait Meth Od

https:/fid.plantphenomics.org.aw/LTU/Trait/leaf_count

appn: hasScale

https:/fid.plantphenomics.org.au/LTU/Scale/integer

appn: usedMethod
https:/id.plantphenomics.org.au/LTU/Method/number_of leaves method

appn: forBiologicalUnitType
https:/fid.plantphenomics.org.au/LT U/BiologicalUnitType/branch

aiiin: ferBiologioalMaterial Annual Forum 2026

https:/fid.plantphenomics.org.au/LTU/BiologicalMaterial/general . a D D I_] (
OPERATION. INNOVATION. IMPACT.)

Australian Plant Phenomics Network



https://id.plantphenomics.org.au/LTU/

RO-Crate

@ Enabling reproducible, transparent research.
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https://www.researchobject.org/

RO-Crate from LTU dataset o e

"@id"; "ro-crate-metadata.json",
=== (Study) === '@wa":l['ﬂtnwmmkn
5 z e =t . : P . "about":
description: Optimising N fertilizer application rates for dwarf tomato variety ‘Micro Tom’ t... gidrs W
name: Optimising N inputs for dwarf tomato cultivation in protected cropping
<-- affiliation --< { 2 Organization objects }
<-- mainEntity --< ./ (Dataset) "@id" . //ror org/62z 76759
<-- isPartOf --< { 708 Observation objects } “@type" n'
<-- isPart0f --< { 28 Control ObjECtS } "name" : Mchd_m Plant Phenomics Network®
<-- isPartOf --< { 8538 Treatment objects } !
*aid": “h Jlror.org/01lrxfrp27",
e :2024_Ex ] (GrowthFacility) === @tﬁe o i
“membero
name: 2024_Exp_3_2_78_pot @NP:'H|HmL”|q.n”“WWJHJQV
>-- ha GrowthFac111tyType --> "name": "La Trobe University'
=== hi : enomics.or ; . yps t (GrowthFacilityType) === i
name: Pot "@id": "https://orcid.org/0000-08082-3819-6358",
ees . - s . - . . "@type"_ -\_"r
< hasGrowthFacilityType < { 156 GrowthFacility objects } saftilintions {
"@id": "“https://ror.org/01lrxfrp27"
> hasLocation --> },
Wil K > . —— “email®: "R.Jost@latrobe.edu.au,",
- (XYZLocation) “jobTitla": ' Research Fellow",
column: 13 "name": "Ricar st
endTime: 2024-11-01700:00:00
name: c1@3_F13 "@id": "h /fcreativecommons.org/licenses/by/4.08/",
row: F "@type": ense’,
startTime: 2024-10-17T00:00:00 “name": "C ive Commons Attributien 4.8 Interpnational (CC BY 4.8)°
>-- isLocationWithin --> (GrowthFacility) !
<-- hasLocation --< { 2 GrowthFacility objects } "@id": "this:2024 Exp 3",
"@type": "Study",
"affiliation":
>-- hasLocation --> : f1dlun [
=== 1 1 {XYZLgcation} === "@id": "https://ror.org/81lrxfrp27"
column: 13 b
name: c1@5_F13 I "@id": "https://ror.org/82z77h759"
row: F }
b i B0 - 1,
startTlme. 2?24—3‘.1—?11-@@.@@.@ - “description”: "Optimising N fertilizer application rates for dwarf tomato variety \u2818Micro Tom\u2019 to
>-- islocationWithin --> this I{GI’OL\I’YhFECle.ty) facilitate more uniform fruit ripening and faster cultivation cycles, using three different N levels (3, 6 and
<-- hasLocation --< 0 : (GrowthFacility) 30 wM) and a coco coir-Perli .
“name"; "Optimi 1 N inputs for dwarf tomato cultivation in protected cropping'

<-- isForObservationUnit --<
=== g (Treatment) === @id": "ht
L i "@t‘,u'pl-'_'": "
name: 2@24_Exp"3m2778_p0t_p0tt1ng “name": "P1
startTime: 2024-10-17T00:00:00

>-- treatsWith --> i (SubstanceQuantity) vaide

L 1 foi
>-- isForObservationUnit --> 1 P24 (GrowthFacility) natypers "
>-- isPartOf --> this:2 | (Study) “hamet: "

omics.org.au/appn/BiologicalUnitType/Plant”,

arg. au/fappn/BioclogicalUnitType/Cohort"




ecentralised data publishing
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Federated data publishing
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FAIRifying APPN data

Domain
Ontologies

MIAPPE
Plant Ontology

Cross-Domain
Ontologies

schema.org
PROV-O

APPN

AP S Vocabularies

Classes and
properties

Node-specific
Shared in RVA

APPN Data APPN
Collection Federated Data

RDA page APPN data portal
APPN data portal Services

APPN profile APPN Datasets

Dictionary for RO- RO-Crates
Crates Indexed in RDA

Annual Forum 2026
. a D D I_] COPERATION. INNOVATION. IMPACT.)
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Australian Plant Phenomics Network
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We are proudly
supported by

NCRIS

National Research
Infrastructure for Australia

An Australian Government Initiative

APPN plant phenotyping infrastructure and expertise is strategically located at nine locations across Australia
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Image-Based Phenotyping of Fusarium Head
Blight of Wheat and Barley in the Field

Brian Steffenson, Julian Cooper, Ce Yang & Cory Hirsch

University of Minnesota
Saint Paul

From Phenotyping Experiment to FAIR Data
March 12, 2026
NMBU, As Norway
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Devastating disease of wheat and barley

Fusarium Head Blight

Severe epidemics started in 1993

Disease is now important worldwide

Mycotoxin contamination of grain

Beer gushing & other end-use problems

Beer gushing

Deoxynivalenol or DON

On what

On barley



FHB Epidemics

< Since 1993, losses approaching $4 billion were incurred by producers &
end-users alike in the supply chain in North America

< Health risks to humans & animals due to mycotoxins in infected grain

< Human hardship & stress due to loss of farms & markets caused by the
disease

< Cumulative FHB epidemics on wheat & barley since 1993 rank among
worst disease-mediated agricultural disasters in U.S. history



Resistance Screening Nurseries: USA
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Extensive Search for Resistance
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>247 accessions identified with moderate resistance
> 11 selected accessions were used as parents in mapping populations

» Recently, 8 other accessions with different haplotypes at FHB resistance
loci were used for the development of a MAGIC population



Challenges in Screening Barley for FHB Resistance

Labor, time and cost for phenotyping Associations with agro-morphological traits

June 26
June 28
July 1
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Fusarium Head Blight

> High level of variation for FHB infection occurs on individual
spikes within a row of a single genotype

> Need to sample as many spikes as possible from plots for best

resolution of performance
i v

Individual spikes are
rated for infected to
derive plot level
severities

Scoring yield plots for
FHB severity




Disease Assessment
Infected Kernel Counts

> Disease assessment can be a laborious task
> When evaluating mapping populations, we aimed for the highest resolution

> Thus, we arbitrarily selected 10-20 spikes from a row and counted the
number of infected and total number of kernels on each spike to derive a
severity

| # = total number of
visible infected

Scoring FHB in the kernels

field: the most hated
task during the
summer field season

% = percent of
kernels infected
per spike




Manual FHB Ratings

The small subsample of spikes scored may not be
representative of plot-level severity

Manual assessment methods: slow, expensive &
variable (e.g. rater fatigue, inter-rater variation)

Ratings taken at one time point only

7 /B8 v TR
Manual scoring in the field

Optimal window for scoring is brief

&
EOS DATA
ANALYTICS

About a 2-3 week window
for optimal scoring

Y Y

Tillering Heading

Germination Stem extension Flowering Grain filling Maturity
and emergence 9

15-20 days 10-20 days 20-30 days 15-20 days 30-35 days | 10-15 days




Disease Assessment
Early Image Analysis Research

Early image analysis protocol Detection of spikes by image analysis under a complex scenario

A cart mounted with two digital cameras was moved through the field to record images of each barley line

10



Initial Study from Manually Collected Digital Images

a) Full-size spikes in a row

c) Segmented sub-image of single spike; and d) Image from ‘c’ but annotated with infected kernels

11



This Method is Not High Throughput!
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Mineral X Company

B]B]
Google reveals Mineral crop-inspecting
robots

Mineral X robots capturing images in field

News article forwarded to me by Ce Yang on October 16, 2020

Funding obtained through the U.S. Wheat
and Barley Scab Initiative
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ecting Additional & More Reliable Data
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Benefits of Phenotyping with the Rover

Can score many spikes per plot

Can score plots multiple times during the season
Can greatly reduce the time & cost of phenotyping
Eliminates subjective ratings

Correlation coefficients for .
FHB severity by 5 raters 019
”Peak disease” on 7/14/23 )

T . 0.42 0.47

e

.0.33 0.35 0.33

0.60 0.31

A B C D = F
Rater

rrange of 0.19 10 0.82



Images from 2022 were Used to Assess the Pipeline

Front ->

—
—
N
(@]
3

Plane AGHI)

-30cm

Image not to scale

Down sampled to 8 total
images, 4 from each camera
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L]

VlE Il I .y

/ Raw Images \

gl =l Il Il BN B =

S

e == == ==

Image Analysis Pipeline

19



L]

VlE Il I .y

II Raw Images \

Spike
Detection

Image Analysis Pipeline
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El Image Analysis Pipeline |______|

VlE Il I .y Vl N . -y

/ Raw Images \ / Sp|ke Images\

Quality Overexposed Incomplete Occluded

gl =l Il Il BN B =

Detection Spike Gradeability

Spike
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L]

VlE Il I .y

II Raw Images \

Grain Spike
Detection

Image Analysis Pipeline

Vl N . -y

I’Spike Images\ 3

Spike Segmentation

Spike Gradeability Disease Segmentation
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El Image Analysis Pipeline |______|

VlE Il I .y Vl N . -y

II Raw Images \ II Spike Images\

Grain Spike
Detection Spike Gradeability Disease Segmentation




O

b ¢ 3 Validation datasets

202 Field disease ratings and

manual image annotations

(Y 4
%’ Single SPIKE disease scoring

PLOT average

N Disease Validation Datasets %

Alejandra
Quifones

24



% Disease Validation Datasets %

. Pipeline
> ¢ 3 Validation datasets L-l_-'l P
% Human
202 Field disease ratings and ”
manual image annotations :ﬁ*\é Field
Single disease scoring Image
YUY Spike
Yy PLOT average
— L4

¥y Plot
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Pipeline Can Accurately Quantify FHB at Plot Level

L 5 raters
¢ Field

Crookston, MN

Y

©

\%} o

op )o
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Pipeline Can Accurately Quantify FHB at Plot Level

Y

“© | Pipeline

N

"R =0.85

Field
rating
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0 25 50 75 100
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Crookston, MN



Pipeline Can Accurately Quantify FHB at Plot Level

Crookston, MN

Y

N

“© | Pipeline

Field
rating

&}}3'

100+

R=0.85

0

25 50 75

100

Image
rating

op )o

L 5 raters

Plot 1

Plot 2

Plot 3

Plot 160

2,000 2,000 2,000
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Pipeline Can Accurately Quantify FHB at Plot Level

Crookston, MN

Y

- | - -
- _— © | Pipeline
s2| " R=0.85
i O
@)
o
&
==
O-u T T T T
0O 25 50 75 100
Lo 100
T S R=0.75
— 75_
Q
() s
=
© 261 . 2
/
L4 ik
0O 26 50 75 100

L 5 raters

Plot 1

Plot 2

Plot 3

Plot 160

2,000 2,000 2,000
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Summary

» A robust model was developed for the identification
of wheat spikes and diseased florets from images
taken in the field

THE PREPRINT SERVER FOR BIOLOGY

New Results A Follow this preprint

An RGB based deep neural network for high fidelity Fusarium head blight
phenotyping in wheat

Julian Cooper, Chuan Du, Zach Beaver, Ming Zheng, Rae Page, Joseph R. VWodarek, () Oadi Matny, Tamas Szinyei,
Alejandra Quifiones, James A. Anderson, Kevin P. Smith, ) Ce Yang, () Brian J. Steffenson, {2 Cory D. Hirsch

doi: https://doi.org/10.1101/2023.09.20.558703

This article is a preprint and has not been cerrtified by peer review [what does this mean?]
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Summary

» A robust model was developed for the identification
of wheat spikes and diseased florets from images
taken in the field

~ This will increase the sample size & accuracy of
FHB assessments, while reducing the time and
eventually the cost

=  bioRyiv

THE PREPRINT SERVER FOR BIOLOGY

New Results A Follow this preprint

An RGB based deep neural network for high fidelity Fusarium head blight
phenotyping in wheat

Julian Cooper, Chuan Du, Zach Beaver, Ming Zheng, Rae Page, Joseph R. VWodarek, (5 Oadi Matny, Tamas Szinyei,

Alejandra Quifiones, James A. Anderson, Kevin P. Smith, ) Ce Yang, () Brian J. Steffenson, {2 Cory D. Hirsch
doi: htrps://doi.org/10.1101/2023.09.20.558703

This article is a preprint and has not been certified by peer review [what does this mean?]
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Summary

» A robust model was developed for the identification
of wheat spikes and diseased florets from images
taken in the field

~ This will increase the sample size & accuracy of
FHB assessments, while reducing the time and
eventually the cost

~ There are high upfront costs for this technology: $$

'-"‘.‘ Cold A 8
0 y Spring
2 ¢ Harbor
q O
0 o Laboratory

THE PREPRINT SERVER FOR BIOLOGY

New Results A Follow this preprint

An RGB based deep neural network for high fidelity Fusarium head blight
phenotyping in wheat

Julian Cooper, Chuan Du, Zach Beaver, Ming Zheng, Rae Page, Joseph R. Wodarek, () Oadi Matny, Tamas Szinyei,

Alejandra Quifiones, James A. Anderson, Kevin P. Smith, &) Ce Yang, {0 Brian . Steffenson, &2 Cory D. Hirsch
doi: https://doi.org/10.1101/2023.09.20.558703

This article is a preprint and has not been cerrtified by peer review [what does this mean?]
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Summary

A robust model was developed for the identification
of wheat spikes and diseased florets from images
taken in the field

This will increase the sample size & accuracy of
FHB assessments, while reducing the time and

eventually the cost

There are high upfront costs for this technology

&3 bloRyiv

THE PREPRINT SERVER FOR BIOLOGY

New Results A Follow this preprint

An RGB based deep neural network for high fidelity Fusarium head blight
phenotyping in wheat

Julian Cooper, Chuan Du, Zach Beaver, Ming Zheng, Rae Page, Joseph R. Wodarek, (2 Oadi Matny, Tamas Szinyei,
Alejandra Quifiones, James A. Anderson, Kevin P. Smith, &) Ce Yang, () Brian J. Steffenson, £ Cory D. Hirsch

doi: https://doi.org/10.1101/2023.09.20.558703

This article is a preprint and has not been certified by peer review [what does this mean?]

The rover is also over-engineered and heavy
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Summary

A robust model was developed for the identification
of wheat spikes and diseased florets from images
taken in the field

This will increase the sample size & accuracy of
FHB assessments, while reducing the time and
eventually the cost

There are high upfront costs for this technology
The rover is also over-engineered and heavy
NMBU's rover offers several advantages and

images taken from it work with the model we
developed

THE PREPRINT SERVER FOR BIOLOGY

New Results A Follow this preprint

An RGB based deep neural network for high fidelity Fusarium head blight
phenotyping in wheat

Julian Cooper, Chuan Du, Zach Beaver, Ming Zheng, Rae Page, Joseph R. Wodarek, (2 Oadi Matny, Tamas Szinyei,
Alejandra Quifiones, James A. Anderson, Kevin P. Smith, &) Ce Yang, () Brian J. Steffenson, £ Cory D. Hirsch

doi: https://doi.org/10.1101/2023.09.20.558703

wrticle is a preprint and has not been cerrified by peer review [what does this mean?]
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Mobile Phones: An Accessible &
High-throughput Phenotyping Solution

35



Adapting Pipeline to Single Row Plots

Raw Image Region of Interest Plot Division

Plot Grouping Plot Grouping
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2023 Mobile

2023 Rover

Pipeline Disease Inferences Translate
Across Roverfand Mobile [] Images

0 25 50 75 100

Crookston, MN
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2023 Mobile

2023 Rover

Pipeline Disease Inferences Translate

Across Rover]

s/

50 75 100

Crookston, MN

sland Mobile [] Images

Mobile — Field Correlation

2023: 0.82
2024: 0.82
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2 [ammc] <
L .| LITHUANIAN @g PHenosPeX
& ] AND FORESTRY UPSCALE

TraitFinder: 3D Multispectral phenotyping for
- g plant research

Dr. Rita Armoniené
rita.armoniene@lammec.lt

Data management workshop — From Phenotyping Experiment to FAIR Data, 12th March, 2026

Crimson clover (Trifollum incarnatum L)
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Introduction
* TraitFinder Workflow

* PlanEye *  Hortcontrol Parameters
* DATAfiles »  Morphological =~ Experience Pros @ Cons
* Spectral e Mistakes &
* Vegetation Lessons
indices

*  Our examples
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TraitFinder - high-throughput plant phenotyping system

PHENOSPEeX

Smart Plant Analysis

& 3D scanning

@ Multi-spectral color recording

-®- Independent from light conditions

(® High resolution (<1 mm)
> Repeatable
1930 mm [5] Open data formats

% Heavy-duty design - IP67

LAMMC



PlantEye F600 Multispectral 3D scanner

LR 2
‘(“("5«1/( R~

« Alaserline is used to collect 3D coordinate data

» The 3D coordinate data is used to calculate morphological
parameters

*  Multi-spectral color recording for spectral parameters.

2 Lk -
Color Peak Wavelength Spectral half-width e =
Red (R) 624-634 nm 20 nm Il
Lime Green (G) 530-540 nm 80 nm i
Blue (B) 465-485 nm 20 nm ==
= S 8
Near Infrared (NIR) 720-750 nm 20 nm Ii"'“ _
Laser 935-945 nm 1.5nm ot

4 LAMMC



3D Plant Phenotyping pipeline

Distance: 45.3 cm
Angle 8 =57°

Transform Segment Triangulate

z .’/‘4\?“

Capture Reflectance

Split

o 4B

D|V|de Large Trlangles

Generate 3D Point Cloud

.,-- RGE Reflectsnce
' Q

NIR Reflectance
(xv.2)
Merge

A,

Combine Small Trlangles

A A

Calculate




Scanning range

X-Direction scanning range (mm)
1000 800 500 .4:\9/"; b c : - & 800

minimal distance : : 7
A00mm 0 -400 mm is a blind spot | s
Maximum Max
distance pl_ant .
1500 mm . height E
calculation i
pot height
/ 112mm
| !
(117177 rrr7T. 1600

¢ Resolution decreases with distance

* Field of view becomes wider at farther distances



Why Dual Scan is used?

v" Higher accuracy

v" Fewer shadows or artifacts

7 /)
L
i
S L
G

77 /1]
7
7

v' Better depth perception

\\

v More complete surface and L
internal detail

/!
/

T

S|
i

LAMMC



_ Workflow

L B

Digitol bicmass (m*)

e g
3. Calculate parameters

4. Results & data management

1. Setup experiment 2. Scan crops

8 LAMMC



HORTCONTROL software to setup, visualize and analyze the data

HORTCONTROL

PSX DaTa

Pownload, Filter and Analyze your data.

EXPERIMEeNTS

Create, Stop or Reprocess new experiments
n Da8sHBOaRD
Monitor your system.

« Experiment setup, control & monitoring

- Data visualization

- Plant analysis tools, e.g. growth analysis, Germination analysis

« All sensor data Centralized, PlantEye, DroughtSpotter, Weather Station
« Correlation & machine learning tools, Faster validation studies

9 LAMMC



PLANTEYE DATA BIG DATA sheet as .CSV file

A | B D E E G H | J K L M N o} P
1 |unit ltimestamp genotype g alias treatment 3D Leaf Area mmA® Canopy Light Penetration D Convex Hull Area Coverage Convex Hull Area mmA® Convex Hull Aspe Convex Hul Convex Hull M: Digital Biom GLI Average GLI[-(
2 3:01:01 4/9/2024 14:48 93 L01 Lo1 5353.43 42.9382 31.2006 8301.25 36.5149  400.507 178.607 270790  0.244616 3.6
3 3:01:01 4/9/2024 14:53 93 L01 Lo1 5422.75 43.2244 32.7802 5441.94 35.2536 402.911 178.62 267004 0.239042 4.2¢
4 3:01:01 4/9/2024 14:58 93 L01 Lo1 5348.04 42.8297 33.8061 8373.62 35.5315 400.88 177.949 262030  0.241875 4.2
5 3:01:02 4/9/2024 14:48 93 L01 Lo1 1756.3 30.4551 20.4266 4642.92 28.5537  311.887 137.979 64469.1  0.164811 6.5
6 3:01:02 4/9/2024 14:53 93 L01 Lo1 1700.93 25.7792 22.6384 4275.17 25.8195  308.632 139.309 59376.8  0.178246 5.4:
7 3:01:02 4/9/2024 14:58 93 L01 Lo1 2001.52 24.2085 24.6135 4523.81 27.5581  315.135 141.768 62382.8  0.194298 4.2
8 3:01:03 4/9/2024 14:48 93 L01 Lo1 4531.79 40.4959 13.3584 17134.9 67.52  516.215 186.662 205778 0.218922 46
9 3:01:03 4/9/2024 14:53 93 L01 Lo1 4202.24 38.2635 13.6803 16496.3 73.3017  502.217 184.696 185881  0.215431 5.2
10 3:01:03 4/9/2024 14:58 93 L01 Lo1 4209.67 35.4793 24.7039 8533.5 48.2006  395.238 164.427 180867  0.214182 5.10
11 30201 4/9/2024 14:48 93 L01 Lo1 1917.28 51.1764 7.44529 16856.1 48.1327  583.317 231.002 104133 0.247205 4.2
12 30201 4/9/2024 14:53 93 L01 Lo1 1515.61 51.45 29.5061 4028.75 413016 269.144 112.022 98659  0.250067 4.3
13 302:01 4/9/2024 14:58 93 L01 Lo1 1512.54 51.4203 29.4353 3984 40.5557  269.948 113.198 99051.9 0.25405  4.4¢
14 302:02 4/9/2024 14:48 187 12 Loz 6245.8 40.5149 31.7787 10298.9 51.4605  401.758 159.762 339596 0.23881 3.4:
15 302:02 4/9/2024 14:53 187 12 Loz 6810.53 41.5441 32.5965 10496 51.3166 406.69 162.796 367600  0.234977 3.7
16 302:02 4/9/2024 14:58 187 12 Loz 6865.54 41.7181 32.1989 10595.3 52.4797  407.467 162.25 370582 0.236103  3.2¢
17 3:02:03 4/9/2024 14:48 187 12 Loz 3236.53 40.2776 21.3148 10149.4 75.7771  388.217 132.931 142642 0.229457 5.5
18 3:02:03 4/9/2024 14:53 187 12 Loz 3381.36 42.4059 22.6909 9984.38 71.5018  388.323 133.934 155808  0.230595 5.1
19 3:02:03 4/9/2024 14:58 187 12 Loz 3480.82 42.5343 22.5395 10241.6 74.0254  391.094 134.435 160648  0.231451 5.0
20 30301 4/9/2024 14:48 187 12 Loz 2196.07 25.6759 24.8326 5706.25 47.8945  308.558 120.494 613384  0.232947 4.5]
21 30301 4/9/2024 14:53 187 12 Loz 2323.16 25.4211 26.4426 5738 47.1474  310.539 121.671 65049.5 0.22914  4.4¢
2z 30301 4/9/2024 14:58 187 12 Loz 2292.34 24.9058 26.394 5731.5 46.6493  310.49 121.824 63242.1  0.229905 4.0
23| 30302 4/9/2024 14:48 187 12 Loz 2517.61 38.4924 26.582 5892.3 48.1539  307.366 128.265 103692  0.232868 3.
24| 303:02 4/9/2024 14:53 187 12 Loz 2528.77 38.3567 27.2047 5864.59 48.1254  306.922 128.307 104626 0.23159 4.2
25| 303:02 4/9/2024 14:58 187 12 Loz 2568.88 38.4704 27.847 5803.03 47.616  305.861 128.67 106758  0.232649 3.5
28| 3:03:03 4/9/2024 14:48 7213 L03 799.279 21.8815 20.4058 2233.5 48.7663  195.494 §2.7957 19135.2 0.23308 4.3¢
27 30303 4/9/2024 14:53 7213 L03 546.224 22.7853 19.8285 2232.25 48.647  195.265 §2.5845 21320.3  0.225884 3.6
28| 3:03:03 4/9/2024 14:58 7213 L03 765.138 24.5582 20.6928 2033.75 44,4077 185.645 79.3317 20700 0.23883 4.3
28 304:01 4/9/2024 14:48 7213 L03 2678.15 29.1504 26.0503 5485.25 81.6268  276.829 97.9159 85463.9  0.198529 5.
30 304:01 4/9/2024 14:53 7213 L03 2789.16 29.8202 27.6951 5478 82,108  276.844 98.3195 90777.1  0.194594 5.9
31 304:01 4/9/2024 14:58 7213 L03 2767.8 29.7322 27.122 5495.5 52.6026 276.78 97.9159 89819.9  0.195191 5.4(
3z 304:02 4/9/2024 14:48 7213 L03 1634.49 27.1051 13.5696 7133.91 39.7159  381.0%% 163.66 48475.6  0.214447 4.8
33 3:04:02 4/9/2024 14:53 7213 L03 1761.71 2B.3089 14.476 7190.84 39.7191  381.468 164.257 53759.2  0.208651 477
34 3:04:02 4/9/2024 14:58 7213 L03 1504.26 29.0313 14.899 7314.15 40.6075  381.166 163.593 55774.5  0.206514 5.77

35| 3:04:03 4/9/2024 14:48 72 L3 L03 953.13 23.6855 19.8537 2855 67.328  215.766 73.8999 23664  0.216941 4.2



PLANTEYE DATA. Morphological parameters PHENOSPEX

Smart Plant Analysis

Visualize plant growth with a wide variety of morphological parameters

= LPD

o
ALR

Convex Hull Maximum

Digital Biomass (mm?3) Surface Angle Average (°) Canopy Light Penetration _
h Depth (mm) Width (mm)
1 Convex Hull A Convex Hull
onvex Hull Aspect Convex Hull Area onvex Hu
2 3 )
Plant Height Max/Average (mm) 3D Leaf Area (mm?) Voxel Volume Total (mm?) gy, Coverage (mm?) Circumfence (mm)

u LAMMC



PLANTEYE DATA. Sp

* Hue represents the type of color Hue is useful for:
and is measured as an angle on . Plant health monitoring
the color wheel from 0° to 360°. . Detecting leaf color changes

. Vegetation segmentation
. Estimating chlorophyll status

Lightness '

*  Lightness shows how bright the leaf
surface appears in the image

Lightness helps with:

. Image analysis and segmentation

. Separating plant from background

. Detecting brightness differences on leaves
* Analyzing plant surface properties

Saturation 0-100%

Saturation used for:
Plant health monitoring
* Detecting color changes in leaves

e Saturation describes how strong or
pure a color is.

* Vegetation segmentation
* Assessing chlorophyll-related color intensity LA M M C



PLANTEYE DATA. Spectral indices

RGB & NIR Wavelengths are combined into spectral indices:

Normalized Digital Vegetation Index (NDVI)

Valuerange:-1to 1
Calculation: (NIR - Red)/(NIR + Red)

TIY?

0-0.33 0.33-0.66 0. 65 i
de. advl unhealhy plant moder stely
inani mate. obu rs alfthy plant heal Ihrplnl

Value range: -1to 1 se
Calclulation: (RED - BLUE)/(RED + BLUE)

04

03
02F

0l

NECI

100 200 300 400 500
Chlarophyll a [mg m”]

Plant Senescence Reflectance Index (PSRI)

Valuerange:-1to 1
Calculation: (RED - GREEN)/(NIR)

0.2

PSRI
o
1

L ¥ F

100 200 300
Days

Normalized Pigments Chlorophyll ratio index (NPCI) Green Leaf Index (GLI)

Value range:-1to 1
Calculation: (2*G-R-B)/(2*G+R+B)

.

A=0 0-1

Green leaves and stems

Soil and non-living features




PLANTEYE DATA 3D .PLY file

Plant @ 3:1
/A 2093-12:34 00S0ET rep2 n” He
HORTEO '\1) VEASUREMENT CEROTV AW 1p? @ @ ps
PSX DATA (\::)
D) Step 2
L/
(3
&)
PLANTS
0.700
®
0.650 efhe iy
T ra e e )
- S11:1 B H023-13-23 165413
- NDVI aVeRaG
@ 0.550 novi aveRace
=S
L 0.635426
5 0.500 2
2
T Gr repd
ooo.as | yeaneem
=
Z D400
0.330
0.300
12:00  14:00 16:00 18:00  20:00 22:00 14 Dec  02:00 04:00 06:00 03:00 10:00 12:00 14:00 16:00  18:00 20:00 22:00 1% Dec  02:00 04:00 05:00  0B:00 10:00 12:00 14:00

) &

CloudCompare is a popular open-source 3D point  w= @
cloud and triangular mesh processing software. 1 “ ; !



https://www.cloudcompare.org/




Mistakes & Lessons 1

* Experiment planning is very important: how many scans and frequency, plant size, width and
height

* Need to know physiology and development of plant




istakes & Lessons 2

Blind spot

soybeans




Mistakes & Lessons 3

Genotype
-» 260z Z
‘Melot' Z
—
E o—eo 'Birute' A
g o—e 'Milda' A :
et -
-& wo  ®—e 'Kardinal' C ) e
g 'Redhead' C
L -
% ' B
o : & v-/
e @ a o G g o o
c:°"° VQ‘JQ <° 2 vs"\ qu‘ o5 ‘;s,rl %‘st" Gx&
¥ ¥ & & s ¥ S ¥ o
Date
Alfalfa (Medicago sativa L.)
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b ! » |- I s
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-\.,d"\ L ~ ’{ e '3
! | — - -
g, g0 R 2T
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Mistakes & Lessons 4

* There are always something unexpected with every ne

* Sowing depth is important

* Too wet soil - algae growth

Red clover

,

%)




Research example: 1 Biological seed priming responses in clover and alfalfa via
3D multispectral imaging

i
@
(1]
— Genotype .g
£ 26022 @
N =
g ‘Melot' Z o
w o—o 'Birute' A
g L Digital Biomass (mm?) 068
o
e} e—eo 'Kardinal' C
g '‘Redhead’ C cCH
> 2
o E
2
[+4]
[
— D ‘
o ‘,:.""' Digital Biomass (mm?) ;%70%1
Fig. 3. Pearson’s correlation between different
Date biomass types: digital and fresh (A); digital and dry
Fig 1. Dynamics of digital biomass between legume genotypes over time. (B);

20 LAMMC



Research example: 1

Biological seed priming responses in clover and alfalfa via
3D multispectral imaging

160 Dvgrtal Biomass over Time 260 - NPCI Average over Time

50

)
E 024 T
< o2
g
z

30 Leo! Avee (mwm”) Ogrta Beomars mem
-~
~
N
.
~
>
.
vt’:
2,
‘w,‘
2,
&%
u"b
q"i
%

Fig.3. Seeds of all 6 genotypes soaked in NurSeed
biostimulant solution.

21 LAMMC




Research example: 2 Drought-induced changes in the rhizosphere
= and endosphere microbiome of winter wheat

P |

NS

PhD student,

0
2 4 L " 2 4 o Ll
™ Block 85
Ady Herkus Shagen
- " a0 - s e
e -
o £ — -
Ew o /?S%\ \
g kY er0n ,/\,'\. -"-i:‘,
20408 > e T e g T =
2ee08 | % e I >
- [ .1 UBNAINE A A A
!w soetd 1e«08 - - 5
[ Oes00 Oee00 { ! Control (1) Drought (II)

= T ® 9 S E % % 3 ‘Herkus DS’ Scan No. 8



Wide range application

PlantEye technology offers versatile applicability across a spectrum of research activities

* Phenotypic/ genotypic variation

* Plasticity to abiotic/biotic stress
* Disease progression, pathogen-plant interaction
* Fungicide, herbicide effectiveness

* Effect of various chemical components, biostimulants

L
R

red clover birdsfoot‘trifoil




Pros&Cons (From a User Point of View)

L~ Pros

* Enables tracking of plant growth dynamics over time
* Non-destructive measurement method

* User-friendly system with automatically calculated
parameters

e Easy and fast scanning process

* If the system is not installed in a single unit, multiple
scans can be performed for different experiments

* Clear 3D representation of plant structure
» Affordable system suitable for smaller institutions

» Effective tool for teaching and student training

X Cons

* To set experiment takes time

* Hortcontrol operates somewhat slowly

* Need some solutions for bending
plants do not loose data

* For large plant setups, there is still
a lot of hands-on work required

e Limited size of plant

24
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INRAQ fisted W cirinsis PHENOME (Z3) (M

PHIS™ "

Introduction to PHIS
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Phenome-EMPHASIS ecosystem

National platforms
dedicated to Hight Throughput Plant Phenotyping

Coordination

® Frield

. Controled
canditions

.~ Numeric services

Biochemical

analysis

)

A national network...

Data Management Workshop ~ 11-13 M1‘



Phenome-EMPHASIS ecosystem

PHASIS Mombars and

EMPHASIS
European Plant phenotyping Network
) . countries support the development of EMPHASIS

e 15 additional countries are interested in plant
phenotyping: EMPHASIS Support Group

e Mission: facilitate multi-scale plant phenotyping,
providing access to facilities, services and resources

e The international organisation coordination is in Belgium

® Phenome-Emphasis, as French node, will co-coordinate
the Functional Unit DATA

...part of an European Network

INRAZ
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Phenomics Data Challenge

Plant Phenomics Experiments

® Expensive, require a lot of resources and often very hard
e Cannot be reproduced

e Huge and complex datasets

® Open Science research (transparency & Open Data)

e Think FAIR

INRAZ

Introduction to Phenotyping Hybrid Information System (PHIS)
Data Management Workshop ~ 11-13 March 2026



Make FAIR data! How to do it?

¢ Data base management system (SGBD, NoSQL, RDF storage, etc)
% Representation language XML or JSON

% Standards (MIAPPE)

¢ Access (Web pages, Web Services)

% Knowledge representation : (ontology, thesaurus, taxonomy, etc.)

¢ Analysis and visualisation tools (R, python, etc.)

INRAZ

Introduction to Phenotyping Hybrid Information System (PHIS)
Data Management Workshop 11-13 March 2026
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Make FAIR data! How to do it?

What do we need?

** Data base management sy

¢ Representation language 2
Organizations

% Use standards

% Access (Web pages, Web

% Knowledge representation

% Analysis and visualisation

INRAZ

Introduction to Phenotyping Hybrid Information System . ...,
Data Management Workshop ~ 11-13 March 2026

Management

Technology
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PHIS and beyond: OpenSILEX family

W7 EMPHASIS ﬁ
PHENOME (@ SIXtine

FRANCE PFHSf;'
Plant Phenotyping

EMPHASIS &

Annual crops
Systems trials
Arboriculture - vines

Agro-Ecology

&, SUN'Agr] OpenSILEX
Environment & Processes Viticulture Oenology
aLB i ¢
. . . S i 5.
LBE Envibis Vitis Explorer @p % VitiOeno
Sinfonia Instance Ressources

INRAZ
Introduction to Phenotyping Hybrid Information System (PHIS) p.7
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PHIS: an Ontology driven Information System for Plant Phenomics

Community User interfacevg
Environmental data Vue js

WS User interface

Swagger Ul
File storage system
. Wab App_ 25 ge sy
Phenotypic data PHIS ::
Mo—
e Metadata semantic C::}
Analysis, description (experiments, iRODS
: plots, factors, sensors,
sharing, etc. . A\, y
variables, etc.)
e Data
Data processing
Image processing pipelines
Advanced data extraction \
INRAZ
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PHIS and beyond: OpenSILEX Architecture (Software)

(", -

i N =

Analyse

— REPUBLIQUE ’
@- ’ FRANCASE recherche.data.gouv.fr

R

Scripts

)

Aed | Y

A

\_ $2BrAPI

Sensor g
J

( )
¢ <7 API, Web Services
@ EGI Check-In -3 Java . ’ 3} Graphal REST / JSON
L =>

J

- )
8 8 f—| Data
NoSQL Triplestore Datafiles
\ (MongoDB) (RDF4J, GraphDB) )
(" — o Infrastructure
; s <~ &2 |o EGI DataHub
RODS. w — BEE
Amazon S3 .".’:‘,"" LN
_ eal )

INRAZ
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PHIS and beyond: OpenSILEX Architecture (Data Management)

Administrative management

--------------------- Organization
proviused
K4

——has-

isHostedIn isLocatedin

uses/
o
Experiment
studyEffectOf Kia

design

-] Provenance

7 < hasProvenance

i /
wasAssociatedWith F ppethssanansite
PIPEIRE soc : \ : Scientific Object +———hasModality Factor level
hasVariable | *

Data s S

management ¢ .
 manegement oo . v >
\\ S /

Data Management Workshop 11-13 March 2026



PHIS : An ontology driven approach

e Scientific objects (plants, plant organs, plots, etc.)
Identified by URI

e Events (management, failures, weather, etc..)
Identified by URI

e Variables, Documents, Observations and Softwares are associated with these Objects
and Events. Identified by URI

e Data hierarchy and links are done using controlled semantics (ontology references,
vocabularies, thesauruses, taxonomies), application Ontologies and semantic web
languages (RDF, OWL, SKOS)

INRAZ

Introduction to Phenotyping Hybrid Information System (PHIS)
Data Management Workshop 11-13 March 2026



PHIS-OpenSILEX Ontology

Standard ontologies

>

Y vV VY

INRAZ

time Ontology: formalizes concepts related to time

SOSA: formalizes concepts related to sensor

annotation ontology (ao): formalizes concepts related to annotation
dublin core (dc): formalizes concepts related to documents

foaf: formalizes concepts related to persons

Introduction to Phenotyping Hybrid Information System (PHIS)
Data Management Workshop ~ 11-13 March 2026

PHIS
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PHIS-OpenSILEX Ontology

@

PHISS-:

% Domain ontologies

>  Crop Ontology
Agro ontology, PPEO (MIAPPE)
PlantOntology + TO + PATO
Unit Ontology

vy Y VYV

Envo, etc.

INRAZ

Introduction to Phenotyping Hybrid Information System (PHIS)

p.13
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PHIS-OpenSILEX Ontology

PHIS™":

Application ontologies
> oeso: Ontology of Experimental Scientific Objects (entities) (GitLab access)
>  ELOA : Experiment on Living Organisms in Agriculture ontology
oepo: Ontology of Experimental Phenotypic Objects

main concepts: experiment objects, qualities, experimental information

> oeev: ontology of experimental events

main concepts: move, device management, object management, faults, etc.

INRAZ

Introduction to Phenotyping Hybrid Information System (PHIS) p. 14
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PHIS and standards - BrAPI

i Ha .l
BrAPI - https://brapi.org/ PHIS
> Standardized RESTful web service API specification for communicating plant breeding data

m BrAPI-Core - Organization and management: Programs, Trials, Studies, Locations, People,
and Lists

m BrAPI-Phenotyping - Entities related to phenotypic observations: Observation Units,
Observations, Observation Variables, Traits, Scales, Methods, and Images

m BrAPI-Genotyping - Entities related to genotyping analysis: Samples, Markers, Variant
Sets, Variants, etc.

+) swagger
m BrAPI-Germplasm - Entities relat

Germplasm Attributes, Seed Lots| gpensilex API Access to swagger,son

> PHIS: BrAPI WebServices implemented { g5, . .
Show/Hide List Operations = Expand Operations
forapi/vl/calls Check the available BrAP calls

L)

=28l /brapi/vl/germplasm Submit 2 search request for germplasm

‘ /orapi/vl/studies Retrieve studies information
FAI D A1 E forapi/vl/studies-search Retrieve studies information
INRAZ: fbrapi/vl/studies/{studyDbld} Retrieve study details

Introduction to Phenotyping Hybrid Information System (PHIS) [brapi/vl/studies/{studyDbld}/observations Get the observations associatad to a specific study
Data Management Workshop ~ 11-13 March 2026

/brapi/vl/studies/{studyDbld}/observationunits List all the observation units measured in the study.


https://brapi.org/

PHIS and standards - MIAPPE (
PHIS

s MIAPPE - https://www.miappe.org/
> Minimum Information About Plant Phenotyping Experiments
> Open, community driven, data standard designed to harmonize data from plant phenotyping
experiments
> Mapping with other standards (ISA-Tools , BrAPI)
> PHIS is MIAPPE-compliant
INRAZ
Introduction to Phenotyping Hybrid Information System (PHIS) p. 16
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https://www.miappe.org/
https://github.com/MIAPPE/MIAPPE/tree/master/MIAPPE_Checklist-Data-Model-v1.1/MIAPPE_mapping
https://isa-tools.org
https://brapi.docs.apiary.io/#

Parameter
Value

3
11

Environment
Parameter

Evert Date

PHIS and standards - MIAPPE

Study Environment T

(Growth Facility)

Study Metadata
(identifier, Timing,
Location, Design)

Investigation

Contact, etc)

Publication

Material I

Metadata
(identifier,

Bielogical Material
Metadata

{Organism, Genus,
Materizl Source, etc

1T . ical Matesial ‘
4 Preprocess:

In

Treatment

Value

nn

Observed Vanable
Metadata

na

Observation Unit
Metpdata
e, e

identi T

isHostedIn

[

Site

isLocatedin

(Trait, Method, | —

Scale, etc)

nn

INRAZ

//}, Factor

has

Introduction to Phenotyping Hybrid Information System (PHIS)

Data Management Workshop

11-13 March 2026

» Factor level
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Variable model : standardized (shared resources)

What do we measure or observe? (ﬂ
.

PHIS

HEIGHT

Characteristic Method Scale (unit)

Entity
Individual §o e
level AN Reference ONTOLOGIES

VARIETY

INRAZ

Introduction to Phenotyping Hybrid Information System (PHIS) p.18
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L]
L]
PHIS-OpenSILEX: variak .

V¥ Add variable ? X

URI

Entity @ * Observation level @

Characteristic @ * Species
Height

Method @ *
Ruler @ Trait already existing in an ontology

Unit/Scale @ *

. Centimeter +
Entity .
Individual
Ievel Name * Alternative name
lant_Height_Ruler_centimeter lant_Height

Piant_Height_Ruler Plant_Heigh

Data type @ * Time interval @

INRAZ .
Decimal number
Introduction to Phenotyping Hybrid Information Sy
Data Management Workshop ~ 11-13 March 202
Sample interval @




PHIS-OpenSILEX: variab

+

Entity
Individual
level

VARIETY

INRAZ

Introduction to Phenotyping Hybrid Information Syst
Data Management Workshop ~ 11-13 March 2026

WV Add trait

Trait uri @ *

Height

Trait name @ *

http://purl.obolibrary.org/obo/PATO_0000119




PHIS-OpenSILEX: Variable sourcing and sharing

Link these elements to existing ontologies

Agroportal, The home of ontologies and semantic artefacts in agri-food and
related domains.- http://agroportal.lirmm.fr/

OAgl'Oponal Browse Search Mappings Recommender Annotator Projects Landscapl Support ~

AGROVOC i A8
Browse the library of ontologies e Last uploaded: Novernber 3, 2023
Search
o ! Showing ummar Concept Properi Not \ i e ! Widge
Submit New AGROVOC (AGROVOC)
Ortology An RDF vocabulary for describing the basic structure and content of concept scf k= - ) VEuRREg v g i By N
such as thesauri, classification schemes, subject heading lists, taxonomies, ‘fol§ 7+ = = T ‘
Entry Type other types of controlled vocabulary, and also concept schemes embedded in g ) iz - 0 1. aiens £30.07g/308 it 6163
Ontology (159) and terminologies G Eetfities Proferred Hame plant height
] Ontology View (11) Uplosded 11/3/23 8 en;;?‘ss Syncnyms ki ylksekiny
L ] .
w factors kg fairres fan org) sosfagrevoe aOe!_eddh7dah
a features
AGROVOC (£
lLJploaded in the Common Greenhouse Ontology (CGO) & ghoupe.
ast This ontology is based on the SSN Ontology by the W3C Semantic Sensor Netw oo Rl D itworn i3, e 20002 s 0siorad Cancept
[ Y, Incubator Group (SSN-XG), together with considerations from the W3C/0GC Sp4 igﬁ Sligefeﬂces 2
on the Web Warking Group i animal place
i i1 ates =3

Introduction to Phenotyping Hybrid Information System (PHIS)
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http://agroportal.lirmm.fr/

Genetic resources (Germplasms): Shared resources

Especies PHIS == GenBank, Genetic DataBase, catalog,etc.

Batley T wRIa @
pr—
m.-m{ o] .
o C O OB smtsisyiis i BRG & Goevees ® 8 O w
Esvwonte o S5, Crimsoie, i €1 adoby oo Croms 10 i Auke R Oavh: (LA Wt 3
Dezripsce Ancctns  Doconeres ¥ )
Witk Las orq un/agrovicic Y2
) General informatica
e — T — oty m..‘._.
um [e— riun Vi i b g koo 2
R = gy e
e speces > | e A lti .
o o e e B - Cultivar (variety)
s
e — . e— eves
Somrms e B e
cmm skt = WSRUTTMAS et e d
o T e & e pHENOME [ Y ik TR & @ A
S p—
[t — e
- i el [ Semis Ogastsses
s L ) - "
e o o2 e et tongeme { Wk e N e Avmsen Do povs »
e T - R .
oomoa . e Pl 3o [ b € st 108
I fanves 0 General mtormation |2]=]
S Iy = =
B
......
e R
- { I "
Blaaaes: o @ spam Tiwe [,
Name Arardee
Mo entries Yound B Aovrimaxs Cotn R 1EMP ] = DHS.
o natinse Sostructn Joset Brean GroM d Co KO
oesrmen e e 2ongs s v » CETIEES s
o Spacion Shr | - e i
ocministrative = !
S 5]
= " -
g~ [—— T B B sl o
-l A
— a
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PHIS-OpenSILEX: Genetic resources (Germplasms)

Accession PHIS == GenBank, Genetic DataBase, catalog,etc.
o o ey e
Scientitc Orge = fre Ol Wiege B
D = bal et Aerotuiinn Cooanenty
0 shwres ‘
: D General information J
| Germptasm | Rl itps. il 010, 15454GAPBRA SO o - gy A -;
I © spansw Type Accession i ' e | ‘
e -
. SeedLot
Institute
N w;luin' _ ” PHIS Adevey_8051217
& s o il [ sowantx Oguiszasen ——
| _‘W: & B  General mformation s
o | =
@ Species
D) o Variety 1023843
L@
|
" - https://www.geves.fr/catalogue/variete/1023444-adevey/Adevey 9051217
INRAZ

Otherwise? Follow the conventional model to create URI:
Introduction to Phenotyping Hybrid Information System (PHIS) . p. 23
Data Management Workshop ~ 11-13 March 2026 http://Hordeum_Vulgare/Tyra/21CMLBB


http://hordeum_vulgare/Tyra/21CMLBB

PHIS-OpenSILEX: Experiment structure and its scope (ﬂ

—flas— » -

isHostedIn isLocatedIn

es/
|
/— Experiment
studyEffectOf design
/

PHIS::

PHIS Interfaces allow to manage:

e Scientific Organization S
o  Project information

Organization

Experimental context

o
o Facilities m
o =

Sensors

INRAZ
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PHIS-OpenSILEX: Experiment structure and its scope

PHIS Interfaces allow to manage:

e Scientific Organization
o  Project information
o  Experimental context
o  Facilities
o  Sensors

O Update the project

gon_phyinsantaition

NexGen Priylasantianon

Shor aame

NextGen Phylosanitasion

jart date *

SweetPotatoViruses
Experment

“ Details Facions Scientific chjcts Data Visuaizagion M AMOIEIoNS Docments

G Description | / | = @ Context

Name SweelPoalovinses Projects

State LR = e ] Organizations

Perlod 2018-07-01 - 2018-07-30 (29 days) Facilities

URI - Species

Objective Factors

wiral nfe using a hgh- Imaging Groups

plactorm

Description

Wirus diseases coused by coinfection with Sweet pocato feathery mattie virus (SPFVMV) and Sweetpotato chiorotic

st vieus (SPCSV) are & severe problem in the producsion of sweetpomio (ipomoea batatars L ), Traditional

molecular virus detection methods include nucleic acid-besed and serological tests. (n this study, we aimed o >

walitate the (s of a non-destnctive imaging-based plant phenatype plation to saidy plant-vius synergism in 2\ Contacts

by ing four virus with two heakhy controls

Scientific supervisors
Technical supervisors
Declared by

Fiono2016 x |

[rancial fincing

Erd date

e [

NeaGen Phyiosannason

Natonal Plare Pherotyping Infrastiuctise n

PlanLSoreen ™ Comuact Sysem

SweEtpuAlo
Viral Diseass

NaPP! Team

Sylal Poque | Linping Wang , Jarl \tkonen
Syvan Poque

admp atma
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PHIS-OpenSILEX: Experiment structure and its scope
PHIS

PHIS Interfaces allow to manage: —
>< (’ PHIS Pyl Organizations
e Manage and configure organizalions
e Scientific Organization I—————
o  Project information Orgeetzations |
X Organizations and sites e
O Experlmental context ot
O Facilities S Soapeir gtz -
Facllties v EMPHASIS @ |+ |@ |
o  Sensors i =
Devices v National Plant Pnﬂmnwplfn:mmeuucnne | @ / -+ m I
Eveins University of Heleni ‘ ; 7} + | @ l
v PHENOME-EMPHASIS @| s |+ |0 l
w Sclanttie Information —_—
MISTER %* l@|s |+ I'II
il Dama > DEMO infrastructure m‘]Updale facillty } @| 7|+ | W I
v INRAE @ | 2 ‘ + | @ I
[ voeanulary MISTEA % Object URI @ ®| s ‘ + iJ
83 Auminisuation >
=@
Organizations
| Adress.
INRAZ
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PHIS-OpenSILEX: Experiment structure and its scope (
PHIS "

PHIS Interfaces allow to manage:

e Scientific Organization
o  Project information
o  Experimental context
o Facilities
o  Sensors

8 Update device

URI @

Type @"

RGE camera

Name @ *

Compac_TopView RGBA2

Desaription @

Brand @

DS Imaging Developmernt Systams GrmbH

Constructor mode! @

GigE uEye UI-5580SE-C/M - & Megapmels QSXGA Camera wath 1/2° CMOS Sensor (MTIP00GSTC) p 27

Senal number @



PHIS-OpenSILEX: Experiment structure and its scope (4
PHIS "

PHIS Interfaces allow to manage:

e Scientific Organization
o  Project information Experiment
. has studyEffectOf Fiaa design
o Experimental context H v /
-I. . *Oll‘l.l.llll'lb,lp»l.l l.lll?.-
o} Facilities Scientific Object :————hasModality Factor level
6 Sensors R R N ‘
S Thas
INRAZ
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PHIS Interfaces allow to manage: |*

PHIS-OpenSILEX: Measurements & Observations

° Data
o Tabular data
o Data files
-> Data visualization
-> Data provenance
-> Datafile management
INRAZ

Introduction to Phenotyping Hybrid Information System (PHIS)
Data Management Workshop

Data
management

.

¢/

§ Sclentiic Object +—

11-13 March 2026

PHIS
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PHIS-OpenSILEX: Measurements & Observations

Data » o
View and export data URIQ ® @ A

X (4 PHIS

[ Scientific Organization > x
[l Scientific Information > -
1| Data v Q Variable(s) 20enwmies v
| - Showing1t020.. @
Tabular Data
nt(s) Target v Date % Variable Value Provenance Actions
Data files Expenment(s|
MA4 (agncultural plot) 2025-09-15T08:52:57.000Z - soil_waterPotential_measurement_kilopascal 72 Agriscope
Provenances
Events Scientific object(s) MA4 (agricuitural plat) 2025-09-15T08:52:57.000Z  soil_waterPotential_measurement_kilopascal -102 Agriscope
Documents - . ; .
MA4 (agricuitural plat) 2025-09-15T08:52:57.000Z soil_waterPotential_measurement_kilopascal -109 Agriscope
Germplasm Group
© Spatial >
MA4 (agricultural plot) 2025-09-15T08:52:57.000Z soll_waterPotential_measurament_kilopascal -79 Agriscope
[ Vocabulary > s
mpiasm MA4 (agricuitural plot) 2025-09-15T08:52:57.000Z atmospheric_rainfallCumulation computation_millimetre i) Agriscope
{g} Administration 4
MAA4 (agncultural plot) 2025-09-15T08:52:57.000Z powerSupply_voltage_measurement_voit 558 Agriscope
Devices
@ About >
MA4 {agnicultural plot) 2025-09-15T08:52:57.000Z supply voltage measurement_volt 3838 Agriscope
T >
D 90k Operators
MA4 (agricultural plot) 2025-09-15T08:46:12.000Z soil_waterPotential_measurement_kilopascal -28 Agriscope
o Open science >
Facilities MA4 (agnicultural plot) 2025-09-15T708:46:12.000Z  soil_waterPotential_measursment_kilopascal -32 Agriscope
@ veeo e
MA4 (aaricultural piot) 2025-09-15T08:46:12.000Z soil waterPotential measurement kilopascal -25 Aariscope

Introduction to Phenotyping Hybrid Information System (PHIS)
Data Management Workshop ~ 11-13 March 2026




D

[ Scientific Organization >

[l Scientific Information > + CSVimy

1| Data

Tabular Data
Data files
Provenances
Events

Documents

© Spatial

[ Vocabuiary
{3} Administration
@ About

5 Tooals

o Open science

@ Web API

PHIS-O

¥ Q Variable(s
Expenme|
Scientific

Germplag

Devices

Operatory

Facilities

Introduction to Phenotyping H
Data Management Workshop

¥ Add provenance

URI or URL @

Name @ *

Description @

Activity
Type @
Start Date @ End Date @

ul@

Sensor : Camera X (URI)
Script/software : software X (URI)
Operator: Jean Dupont (URI)
Acquisition details: flight height

Provenance agents

Add an agent

e b

EN

ns

Jopascal
lopascal
jopascal
Jopascal
putation_millimetre

| voit

jlopascal
jopascal

japascal

7

URIQ @& @

Value

-2

-102

558

3.838

-28

o
~

20 enwies v

Provenance

Agriscope

Agnscope

Agriscope

Agriscope

Agriscope

Agriscope

Agriscope

Agriscope

Agriscope

Aariscope

Actions
Le]
[#]
[]

Lo




PHIS

[ Scimate Orgrdasn

(1) Scomte seirmer
A Dew

T Dty

Cata e

Curarwne
[ sy
© Aovwrsties
@ Mms
O e
@ v

PHIS-OpenSILEX: Measurements & Observations

Data files
i datefies
Q
Shomng b ke 30 of 196 wrres
Tuyet $ D
OB o 25BN 00 02T
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PHIS-OpenSILEX: Measurements & Observations
.

(o4

Datafile
{

egi.denn:id/filal

8ee60379
“vocabulary:RGBInage

“target": "phis-egi-demo:id/scientific-object/so-sp004661",

PToveNanTE T

"uri his-egi-demo:id/pre /fi | swe =y
"prov_used”: [
{

“uri®: "phis-egi-demo:id/file/1532980980.ebeSebf57f70afc27689e23dcOabccl?™
TOTTypE T OTT
1

1
“prov_was_associated with":
"settings”: null,
“experiments": null

i,

“metadata": null,

“archive": null,

“filename": “82-9-PS Tray 419-RGB2-FishEyeMasked.png",
“publisher”: null,

"issued": null

¥

Provenance
{

his-egi-demo: id/provenance/fisheyemasked sweetpotato®,
FishEyeMasked SweetPotato",

{

"rdf_type": "vocabulary:Computation”,
"uri: null,
"start_date": “2018-10-04766:00:80Z",

“end date": "2018-10-85T16:00:002",
"settings”: null

“description™: "Output of the software Plantscreen Data Analyser. \nThis software removes the bacl
“prov_activity": [

¥

“prov_agent®: [
4

gi-demo: id/device/plantscreen data analyser®,
ocabulary:Software”,

"uri": "http://phis.mm.helsinki.fi/id/device/compact topview rgb2",

“rdf type": "vocabulary:SensingDevice”, |
settings': null
}
1
“publisher”: null,
LA LAY o =0 “issued": null,
"modified": null
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PHIS-OpenSILEX: Measurements & Observations

@

Datafile

{
"uri": "phis-egi-demo:id/file/1532980980.8ee60379768a8e5e610ad6795ech9cad"”,

“rdf type": "vocabulary:RGBImage",

"timezone": null,
"target": "phis-egi-demo:id/scientific-object/so-sp004961",
—provenantce : 1
"uri®: "phis-egi-demo:id/provenance/fisheyemasked sweetpotato",
"prov_used®: |

“uri": "phis-egi-demo:id/file/1532980980.ebeSebf57f70afc27689e23dcBabccl?”

—Trdf type'T nuit

LLA LAY o =
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“prov_agent™: [

“uri": *phis-egi-demo:id/device/plantscreen data analyser®,
“rdf type": "vocabulary:Software”,
"settings": null

}a

{

"uri": “http://phis.mm.helsinki.fi/id/device/compact topview rgb2",
“rdf type": "vocabulary:SensingDevice”,
“settings": null
¥
1.
“publisher™: null,
“issued": null,
"modified": null

LLA LAY o =
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PHIS-OpenSILEX: Measurements & Observations

s 000000y S 00 L 300,000 iy S0 baam. e e, ot

T e &
Nameo 19677 TUA_Rep_ 5033 4 1-01-20
Type Plant
o R e 5

Tewmox  dmesness e e am s e, Sme M emsen  ieiie0m | tou o

:

|

4

rom §

: el
:

o

:

i

a TAZ20
PHIS Interfaces allow to manage|
e Data
o Data visualization
o Data provenance
Q .,
INRAZ
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PHIS-OpenSILEX: API & Client connection

Another interface with the data

e Swagger
https://phis.emphasis.fedcloud.eu/egi-demo/api-docs/

o Based on OpenAPI
https://www.openapis.org

o Open description format for API services

o Explore the different web services, and
there return

o Describe arguments and gives examples

o  Performs requests

INRAZ
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+) swagger

OpenSilex API

BRAPI
Annotations
Area

Data
Devices
Documents
Events

Experiments

Jcore/experiments

Jcore/experiments

Jcore/experiments

i /core/experiments/{uri}

= Jcore/expenments/{uri}
Jcore/experiments/{uri}/available_facilities

Access to swagger.json

List Operations | Exgand Dpera
List Qperation: Exgan

Show/Hide | List Operations | Expand Dperations

Search experiments
Add an experiment
Update an experment
Delete an experiment
Get an experiment

Get facllities avallable for an experiment

p.37
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PHIS-OpenSILEX: API & Client connection

PHISS"

Another interface with the data

Pull requests lssues Codespaces Marketplace Explore

e  Python Client (Scripts) ¢ pgthon

& OpenSILEX / opensilexClientToolsPython R EdtPm - @ watch |
©  Repository Github : v B 1 e B S A s
https://github.com/OpenSILEX/opensilexClientPython ——
. P master «  opensilexClientToolsPython / docs / DataApi.md Go tofile
o Based on autogenerated client :
Gabriel Besombes Added verbose aprion stest comenit cinf#0E an blay 17, 2022 () His)

https://github.com/OpenSILEX/opensilexClientToolsP
thon

At contributor

= 1865 Lnes [1262 Glec) 70 W & DN Rw Beme 2 o

o Scripts documentation:
https://opensilex-scripts.pages.mia.inra.fr/opensilex-g

ene r| C-SC rl [ 2tS ! All URIS are relative to htps/iocalhost

opensilexClientToolsPython.DataApi

.y Method HYTP request Description
. Y : add list data POST /core/data Add data
J ( )
R CI lent PaCkage YR count data GET Jcore/datalcount Count data
create_provenance POST /core/p T &5 Add a p
o) Repository G ithub : delete dats DELETE /core/data/{url) Delete data
delete_data_on_search DELETE /core/data Delete data on criteria

https://github.com/OpenSILEX/opensilexClientR

o Based on autogenerated client :
https://github.com/OpenSILEX/opensilexClientToolsR

INRAZ
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PHIS-OpenSILEX: API & Client connection

PHISS"

Another interface with the data

Pull requests lssues Codespaces Marketplace Explore

e  Python Client (Scripts) ¢ pgthon d list-fints

o Repository Github :
https://github.com/OpenSILEX/opensilexClientPython

ObjectUriResponse add_list_data(authorization, body=bedy, accepl_language=accept_language)

Add data
o Based on autogenerated client : Example
https://github.com/OpenSILEX/opensilexClientToolsP
fTrom future import print function
thon import time

import opensilexClientToolsPython
from opensilexClientToolsPython.rest import ApiException
from pprint import pprint

o Scripts documentation:
. . . . . . ¥ create an instance of the APT class
https://opensilex-scripts.pages.mia.inra.fr/opensilex-g SvEbaRE et = ot LT oA TOA TR ARAELIGTC)

pythonClient.connect to opensilex ws(identifier="guest@opensilex.org", password="guest", host="https://localhost")

ene“C'SCHQtS[ apil _instance = opensilexClientToolsPython.DataApi{pythonClient)

o body = [opensilexClientToolsPython.DataCreationDTO()] # 1icl[DataCreat D70l Data description (optional)
e R Client (Package) @
# Adg data
. . api r onse = api instance.add 1ist data{body=body, )
o  Repository Github : oI (i emmasia S
. . . except AplExceptlon as e:

httDS//ElthubCom/ODenS|LEX/ODenSI|eXC|IentR print{"Exception whan calling DataApl->add_list_data: Zs\n" % e)
o Based on autogenerated client : Parameters

https://github.com/OpenSILEX/opensilexClientToolsR Name o Descrption Notei

body list[DataCreationDTO]  Data description  [optional]

INRAZ
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PHIS-OpenSILEX: Integration for end-user meta analysis

SilexExplorer: A GraphQL service combined with Python/R packages for research purposes

Make your PHIS data integrated and ready for research analysis

< GraphQL Service : a unique endpoint to access to your entire data
o  To abstract away the differences between databases (RDF / JSON)

o Independent of REST services

% R & Python packages (SilexExplorerR, SilexExplorerPy)
o  Filter, extract, structure, table generation.

o  User oriented :
m Tables ready for analysis
m  You can make your own GraphQL queries

SilexExplorerPy

Brief Description: A Python package designed to hetp resaarners estract, visualize. and aalyze complex
phenotypic and erwironmantal dat for in.dopth cciontfic inaights.

Table of Contents

Description
IN RA@ SttuatsplorecPy = 3 Python package dezgned to heip researchers extract, visualize, and analyze complex
data ociated with scientific exp It provides a ¢ P set ol
tools for Interacting with OpenSILEX Instances to ratrieve Expermental datz, manage scentific objects, and
Introduction to Phenof e i fdeal far in fields such as agi and this
package enables efficient data. 0 and fikering by species, projects, and
Data Management Wol i conditions. It P ting, isualizing, and analyzing the fesults, faciitating in

depth scentific insights and data<trisen decision-making

(1) README

SilexExplorerR

R Interface for OpenSILEX Platform

Documentation * Installation Guide » Quick Start » Examples ¢
Contributing

i Overview

SilexExplorerR is an R interface designed for seamiess interaction with OpenSILEX platforms, enabling
researchers to efficiently manage and analyze scientific experimental data. This package provides
comprehensive tools for:

« # Experimental data management
« ul Data visualization and analysis

« ¥ Phenotypic data processing

« / Environmental data coliection

« # Time-series analysis

« © Advanced filtering capabilities

@ @ Key Features

Features

« User Authentication:
The 1ogin function allows secure authentication to an OpenSILEX Instance and facilitates seamless
interaction with its REST and GraphQL services by:



PHIS™:

Ontology driven Information System for Plant Phenomics

.

~

/

) DAU/DAS
Trial management
software Crop model
app
Ontology Image processing
software
GenBank

GIS system Statistical

software
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N

Conclusion (d

PHIS™
PHIS/OpenSILEX
® Used in several phenotyping platforms and serves several communities
® Work in conjunction with standards (BrAPI - MIAPPE)
® Modular, scalable and user-adaptive S.l. software
® Open source software: any new community can help improve it
* New communities are welcome
INRAZ
Introduction to Phenotyping Hybrid Information System (PHIS) p. 42

Data Management Workshop ~ 11-13 March 2026



/7

3. 254

@

PHIS™":

¢

INRAZ

PHIS-OpenSILEX useful links
Contact: farzaneh.kazemipour@inrae.fr /isabelle.alic@inrae.fr

OpenSILEX

<  OpenSILEX website: http://opensilex.org/

%  OpenSILEX demo: http://opensilex.org/sandbox/app/ (guest@opensilex.org / guest)
< User documentation: http://opensilex.org/doc/UserDocumentationOpenSilex.pdf

L)

% Scripts documentation: https://opensilex-scripts.pages.mia.inra.fr/opensilex-generic-scripts/

%  How to contribute to OpenSILEX?
@ > Github repository: https://github.com/OpenSILEX/
> Developer documentation: https://opensilex.github.io/docs-community-dev/
dg, > OpenSILEX Docker: https://github.com/OpenSILEX/opensilex-docker-compose

PHIS

% Research paper: https://nph.onlinelibrary.wiley.com/doi/full/10.1111/nph.15385
< Variables declaration tutorial: https://www.youtube.com/watch?v=Pvz90-b Mok
< PHIS Demo instance:_https://phis.emphasis.fedcloud.eu/eqgi-demo/app/

Introduction to Phenotyping Hybrid Information System (PHIS)

Data Man

agement Workshop ~ 11-13 March 2026
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