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The EU H2020 INVITE project “Innovations in plant Variety
Testing in Europe”
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Francois Laurens, INRAE France / coordinator of the INVITE project
Francois Laurens, jZEEZRKRUVEESINEHZEE (INRAE) /INVITEIRBWER
Joseph Peller, Wageningen, Netherlands / WP2 co-leader
Joseph Peller, fRI=Efi#T4R / WP2BEXSTZA
Karl Schmid, University of Hohenheim, Germany / WP3 leader
Karl Schmid, EEERSEAS / WP3 i

Aurélia Gouleau, GEVES, France / WP5 leader
Aurélia Gouleau, JEZEEYIGRFFIFDAE (GEVES) /WP5 fass

Plant Variety Rights online technical training for Chinese experts; 28 Nov 2023

B2 FEERIENRHIESEARE); 20235117285
www.ipkey.eu
Funded by the European Union

SZER RSB

Directed by the European Commission, IP Key is implemented by the European Union Intellectual Property Office (EUIPO). IP KeytH &) ks s (EUIPO) L



invite's
"[PKey ¢

Agenda /// BFE

General introduction on the INVITE project (F. Laurens)
INVITEIRB#LA (F. Laurens)

Designing new tools for phenotyping using Human Centered Design (J. Peller)

AR SIRITRE S Er LA (. Peller)

Designing genotyping tools to better characterize varieties and their performance (K. Schmid)
IRKITEREPETEH, BEFFRIAEGEMREMSE (K. Schmid)

Integration of new tools in advanced variety testing (A. Gouleau)
SR IFE T ENEZGSIEA (A. Gouleau)

Concluding remarks (F. Laurens)
£25E (F. Laurens)

Funded by the European Union waLIE ey D Egleo
SZERBIBIE) ILCECTUAL pRoPeRTY OFFiCE

Directed by the European Commission, IP Key is implemented by the European Union Intellectual Property Office (EUIPO). IP KeyrHEHZE A <455 - BCHAIHRFUE (EUIPO) 52
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The INVITE project as a glance /// INVITEIRB#S

Funded by the European Union /// BXEE8#XEBf
Duration: 5 years : 1/01/2020 — 31/12/2024 /// IRE EHASEE: 2020E1B1HZE2024F12831H

72, CovO hetwork of EO% 29 partners /Il 297G 1Lk E
Goneel  (pdunny) Consortium = 180 members /// Bx&
- mewr K =~ 1808 R
sown From 13 countries /// EEEJ 7?(2\)}%
7-TA - Academic research /// ZARR
- - Breders Il BFVE
R - W, - Technical institutes // }3‘27!(1‘)'[,1‘@
g i (he0) 4 s - Examination Offices (EOs) ///
19 UKzUZ / ¢ R S - Post-registration Offices (Pros) ///
g 7 A S5 BICRESDIRE
- Management //| 18
= - Dissemination /// ¥~ Q' Euipo
SZRKEE B A e o

Directed by the European Commission, IP Key is implemented by the European Union Intellectual Property Office (EUIPO). IP Key B S Z M<245S » BCAAINFAUE (EUIPO) S5 -
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General Objective and frame of the INVITE project /// INVITEIRE 2{F BiTHESR

» The general objective of the INVITE project is to improve both efficiency of variety testing and the

information available to stakeholders on variety performance under a range of production conditions
and biotic and abiotic stresses. /// INVITEIIHHS R BiREREMEMURIER, RFIFEXSREmT

E—REHVEFFEREY / IFEVIINE FRIRIER.

» The INVITE project is working on a small but representative set of selected crops:

INVITE IR B IEfER R —/ N BB ERIERIEYD -

Maize Wheat Sunflower Perennial Ray Grass Apple Tomato Potato

¥ re @ ® & ©
EXK INE D=3 SHELERER ER &En

. - (] ° @
+ Soybean Lucerne oilseed rape
T invite «
Sy A
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Funded by the European Union
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Specific objectives /// B{fFBfR

Funded by the European Union

2B E

Identify bioindicators associated with plant resource use efficiency, sustainability and resilience /// TREEYRIEF BAHER. 7

FERMFIRE AR EVIEIR
Develop new phenotyping and genotyping tools /// FrAFREFEE ST TR

Implement models and statistical tools allowing to predict variety performance under a range of environments and crop
management practices, while considering the economic return for farmers /// {FF#EEFNFIT TR, FRURFESFIREIIE
YIEERE TR, RS EKERZFER

Improve existing variety testing protocols for variety characterisation (DUS) and performance testing to enhance
speed, precision and efficiency /// BSiHINBaPRIE (DUS) FOiEsEMiEiE, BHHEE. BEMME

Define new procedures for the management of reference collections /// EEX &% R EESEFFIEF

Propose organisational innovations to improve the management of variety testing networks /// 12 HBERACIFTAZER, TEEMT

WK MESHIEIER T

Propose guidelines to policy makers for including new traits and improving harmonisation of DUS and VCU at EU-level, and
for the testing of heterogeneous plant reproductive material /// [EIRFEIRIVBERTET, MAFEMER, ERCEEmF—Fih
EADUSIRHAIVCULR, FHXEEEWEEMHIF R

Facilitate data interoperability and exchanges within the consortium and set up a prototype of common DB to store

phenotypic and genotypic data /// {EHBASARRNEIERIREIE, ENBRAMIEERE, AT EEREMEREEE
Disseminate results and new technologies to stakeholders /// [FIiSHEXETIEI TIERLRIHFIEE A

EURGPEAN UNION
INTELLECTUAL PREERTY OFFICE

Directed by the European Commission, IP Key is implemented by the European Unien Intellectual Property Office (EUIPO). IP KeyHRUIHZ 55 » BREERINMAUS (EUIPO) CHE
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Experimental testing

Placing on the market (marketing

authorisation)

Bl (LEiFa)

Commercial testing

gl

SCISEE
< 7
/

First year of !

testing by I,"

breeders /
BiESE— ,l' (2) Variety registration

/ RFPEIC

st y N\

(1) Multi-year & multi-location testing by pidani uiceuers

\ 4

(3) Post regisfr?n‘ﬁoq testing (recommendation)
BEEM, ()

~.

(4) Multi-year & multi-location testing by seed companies

BMEZFSRR MFAEIZFSHRNE
T > < > < >
SR (3 -5 years) (2 -3 years) Testing takes place as long as the variety is commercialised R E
Rl - (3°5 £F) (2-3 5F) FaA /=i i

Directed by the European Commission, IP Key is implemented by the European Union Intellectual Property Office (EUIPO). IP Key R IHZE 12455 » WCEANHM MG (EUIPO) SCHE
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Structure of the INVITE project /// INVITEIRBEZ#3

BT IR /5%, AR, ISR TNEH LR/ 75k, STEOUSTItEREIAAE
M, IRFHOUSTIMEREIIA AR / 2R RERigHE

= Innovative tools and methods to assess Demonstration of new tools and

2 sustainability and resilience criteria and methods and improvement of DUS

E improve speed and efficiency of DUS and and performance testing
Vf%;g?i%ﬁ%% E 8 performance testing protocols and infrastroctures Wpszﬁg&iﬁmiﬁm
MR AR X WP — Sefting up WP3 — Genotyping WPS — Integration of new BB RIIHA T
FeER#iatn % - mobile high- tools to better methods and tools in advanced R eaER
wp2: HERHHEER = g throughput characterise the variety testing protocols and wpe: BB
FHHTIR g = phenotyping tools varieties and their demonstration in field trials PUE T

=

wp3: FRRESITTE : = performance
B R R = 51 I) \) {_/ 4 iL wpo: EIR

o= /
wPa: FESEIETOUGA £ E wei0: fpEmiEE
HEAERRI (BT i £ WP4 - Modelling for prediction of WPG —Demonstration of 8
BREISRSR) = ?_ variety performance and application improved variety testing
WP7: MR ts in a DSS for Variety Choice i _networks
gt e g

Bz
wes: HE- {ifk. FIF ¥
TEXRAR y

-

Eﬁ" = -

WF7 - Database management and data interoperability
i_ ________________________ WPS- Dissemination and optimisation of exploitation ofvesults :
_____WP9-Management |

Funded by the European Union
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Directed by the European Commission, IP Key is implemented by the European Union Intellectual Property Office (EUIPO). IP Key R IHZE 12455 » WCEANHM MG (EUIPO) SCHE
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Crops in the project /// T B R AI1E4D

g thronghput characterise the

BT IR /5%, AR, ISR e LR /73iE, STEDUSHIMRENITME
M, IRFHOUSTIMEREIIA AR / 2R REHIZHE
Innovative tooks and methods to assess Demonstration of new took and
FUR Y sustainability and resilience criteria and methods and improvement of DUS
"!ufii'i improve speed and efMiciency of DUS and and performance testing YT
Vﬁﬁﬁi?gi%ﬁmﬁi performance testing rotocols and infrastractures }};-FE *r! ¥v;s . ﬁﬂiﬁmﬁiﬁm
AR SUELE2VN | _ _ 5 _ SRS SRR HEL T
Pyl ) - U WP2 — Setting up WEP3 — Genotyping WS — Integration of new . e ENER)
mabile high- tools fo better methods and tools in advanced e ‘ g
Wp2: WEBHRESER e variety testing protocols and = wee: REESENSF

RESHTR

£
z
2
E 4 'fw phenotyping tools varieties and their demonstration in field trials it || MRS
] ) o
WP3: (ERERSITTR 2| performance e . P
EEEERFR A E E'.} - iLEa H E wpo: I3
= Rt ’ -
- Yt 'y
Wa: BTRIETUSH E VB iaf"&'i o i nl‘&i - We10: {STBEE
MRERERTS (AT ML = WP6 — Demonstration of Eﬂ
BREXIESR) H WP4 - Modelling for prediction of . improved variety testing g
WP7: HIEEEETRFIR E variety performance and application networks ﬁ
i@t = in a DSS for Variety Choice
=
=
E

wes: #. ik, FIF
TERAR

N

e -5
by U Ela -

— Crop charvacteristics and bivindicators associated

‘“Tl

| WP7 - Database management and data interoperability

Funded by the European Union

SRR BEE)
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Designing new tools for phenotyping using Human
Centered Design

AAECIESIITRE DiF L

Joseph Peller | Wageningen, Netherlands | 28-11-2023
Joseph Peller | fF=EifiFT1R | 20235115 28H

www.ipkey.eu R EVIPO

Directed by the European Commission, IP Key is implemented by the European Union Intellectual Property Office (EUIPO). IP KeypHEXMHZE AS45 S » RUHANNFFUs (EUIPO) L



®[PKey cHINA

FER/AY, RREiEH. SitE K5 EFiAR www.ipkey.eu

Objectives of WP2 /// WP2B#xR

To create New Low Cost Phenotyping tools

FRIRRRAFHFRETER

To make available these tools to Eos and Pros in WP5 (cf A. Gouleau part)
BT EREWPSHUKFOIEICESESDAE (80A. GouleauMEBARR)

. .V @
Invite
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R EVIP
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The Problem with Tool Development /// TEF&a)E

www.ipkey.eu

ST = p
o
®
c u Itlva rl Image) Plugin for Plant Variety testing
WAGENINGEN [N oo
n For quality of lf nak/tumbouw
L
L]
s o m— -

: Al = A | em—. ’
o Y 3 — | — P

N ﬁ

P Flax Boll r— ’ Cotyledon Carrot

Flax Analysis Analysis Pea/Pod Analysis = Bean Analysis Analysis Analysis

! @

Directed by the European Commission, IP Key is implemented by the European Union Intellectual Property Office (EUIPO). IP Key B S Z M <=455 » BUEEINMMUE (EUIPO) 555 -
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Human Centric Design /// A&t » e oo ‘

«/\\ MVP AR,
’ ; —7—‘ ; E ; \ \ARN ! MEA&J&EU

N\ ! U4
. . ‘ - @ - / :
a™ At Fd i
User \/ U \/ \—/
Create Concept Design and Implement Test
Research P
BRI ersonas development demonstrate and evaluate Mzt
1 =] a8 (= . e

v Identify users ﬁJEmP I_”% m@\ﬁa 151+*u;§7ﬁ iﬁﬁﬂl I:HE

TERF v Fictional v Generate ideas v Tdentify evaluation
v Needs representers of SR v Prototypes method v With end-users (farm

=K users v Brainstorm ideas JER BTG E workers)
v Behaviour B REPRE S v Sketches v Newer version KRR (AEIEAR) Wil

Th v Consider needs and BitEE RAEEH v Feedback
v Challenges technical restrictions v Visuals v Involve multiple B RIR

Bk ERFIFEAREEE Mgt stakeholders v With other stakeholders
v Pain points v Consider business and Zh85 EfthRIZSAERTT AR

R ELSA aspects v Observe
v Desires AVSBFIELSA B MERGERER

K v Match the values

E v Values and norms MMEITE
IMEMFIHGE v interdisciplinar
Funded by the European Union fii5icar S P Y R EH !NPO
SRR S
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Surveying and Feedback /// [IEFRiER
E

TG/4/8(proj.3)
ORIGINAL: English
INTERNATIONAL UNION FOR THE PROTECTIO]
GENEVA E
DRAFT TG/44/10
RYEGRASS
UPOV codes
LOLIU_PER; LOLIU_MUL_ITA; LOLIU_MUL_WE
INTERNATIONAL UNION  UNION INTERNATIONALE INTHRNATIONALER  UNION INTERNACIONAL
Lot 3pp. FORTIL PROTECTION  POUKLAPROTECTION  VERBANDZUMSCHUTZ  PARA LA FROTECCION
OF NEW VARIETIES OF DES OBTENTIONS VON PRLANZEN DELAS OBTENCIONES __ __ _ _
S PLANTS VEGETALES ZOCHTUNGEN VEGETALES Trait Difficulty] Time  Importan Trait Difficulty] Time  Importan Trait Difficulty] Time  Importan
G NES N Of  Needed ceto |Ranking . Of  Needed ceto |Ranking N Of  Needed ceto |Ranking
FOR THE CONDUCT OF 2 Imeasure 1o Diserimin M€ | Measure  to Discrimin #M Iveasre 1o Diserimin
B
FOR DISTINCTNESS, UNIFORMITY LeatiType . s
" 9 8 9 . 7 5 1 13 » 7 7 3 17
prepared by an expert from the Uni of blade Abscissio
nlaer al section
10 be considered by the Technical Committee ¢ Fruit:
to be held in Geneva, Switzerland, fron| i ribbing at]
A o’ ;ff:ﬂf‘i 4 7 2 13 7 7 7 21 & 5 7 3 15
Altemative Names: GUIDELINES :length peduncle]
Botmical name English French o
Lolium perenne | Percanal rycgrass | Ray-grass angll FOR THE CONDUCT OF T Leafiinten Fruit: B ruit:
epressi
4 ) sityof a 7 1 12 Green 4 5 1 10 P! 5 7 8 20
Lotim multiflorum Lam ssp. it Talian ryegrass Ray-grass dlulf FOR DISTINCTNESS, UNIFORMITY AND STABILITY green onat
(A Be) Volkart color Shoulder
Lobium muliflorum Lam. ssp. non Fruit: PRIt
alernatvun Leaf: Ext::::of o
Westerwolds Tay-grasde i 3 7 7 17 5 5 7 17 5 7 8
epas Westerwold Green peduncle 2
s Shaylder! sear
ol Fiait:
Lolbum bowehermum Kund Tybrdryegan | Ray-gras ybe ; Intensity y
Lolaum kyboidum Haskn o Leaf: 3 7 7 17 ofGreen | 5 5 7 7 Sizeof | g 7 8 20
M Pty blossom
Lolium rigidum Gaudin Sufl darncl Torie e colorof o
Wimmers rycgrass (Lycopersicon lycopersicum Leat: vt Fait:
(L.) Karsten ex Farw.) Attitude Intensity Shape at
; - 8 7 4 19 ofgreen | 5 H 5 15 P 5 7 8 20
The purpare of these guelines (Text Guidelines™) 1 1o claborate the of 4 blossom
(documest T/173), and is swsoxiated TGP documents, into detalod pact o color °
distnctness, uniformay Wity (DUS) and,  particula, o identiy natinle on
DUS and production o nkred vanety descriptions. Intloresc Fruit:
ence: 8 5 5 18 Green 9 8 7 2 diameter| 5 7 8 20
ASSOCIATED DOCUMENTS tune Strinas afcoren
Flower: Fruit: :
guidelines (“Test Guidelines™) should be read in conjunction 7 7 7 21 7 3 1 1 Thicknes| 5 7 8 20
ated TGP documents. Colour Size o
—_— GENEVA Flower: Fruit: Fruit:
These names were correct i the e of the ntroducion of these Tes 2001 5 5 9 19 Ratio 7 7 3 17 Number | 7 3 1 1
[Readersare advisod 0 consult the LPOV Cod, which can be fou e ot ene b "
Iotst iformataon | Fruit: Pro: Frlit:
4 7 4 15 Colorof | 7 7 7 2 Colorat | 9 9 1 19
<of Skin Floch Maturity
Timeof | . 5 10
Maturity
Funded by the European Union

Directed by the European Commission, IP Key is implemented by the European Union Intellectual Property Office (EUIPO). IP KeyiiRi3H % (14255 » BCiS
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Computer Vision as a Process /// i+ E %R AEiRiE

F—: BIGIRE F—2 Bgin =2 FEFS FIE: RO
Step 1 Step 2 Step 3 Step 4

image acquisition annotation Deep learning Data analysis
oy — '

o
¢
' v

from past and

Ve

future funded from from didactic . .
experiments collaborative version of U-Net Comparison with
platform U-Net#ZHR ground truth
TR SR REE HMER TS Automatic cluster of
B THRAILIGIN types of errors
. = STUFETEET
oty v EahiRess m:EuROo
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UAV Open Field Applications /// FTEAHEF/PEIFB

CHINA

25

B K S AR

www.ipkey.eu
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Orchard 3D Reconstructions - Scouting /// 2 3DERE-EIF

Funded by the European Union

SRR BEE)
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Open field Scouting /// EF9pENF

SRR BEE)
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Funded by the European Union
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Important Traits /// EEHIR

www.ipkey.eu

Traits of interest:

FKiETER:

1. Peduncle scar size /// RERANM
2. Color /// &8

3. Shape ratios /// F2iktt

4. Volume /// {578
5
6

. Blossom-end scar size /// BEiX
. Ribbing /// RiEiRAYESR

Funded by the European Union

R EVIPO
SREER

Directed by the European Commission, IP Key is implemented by the European Union Intellectual Property Office (EUIPO). IP Key R IHZE 12455 » WCEANHM MG (EUIPO) SCHE
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Initial Cycles — 3D

Funded by the European Union
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Current Cycles — Phone Applications /// ZigiEH-F4lapp

Open
camera

Export

Funded by the European Union
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Expected applications from INVITE WP2 /// INVITE WP2: H4&IkiH

A general pipeline for any crop to implement low cost Phenotyping

A LSHER R TR AR EL ST EE AiE

An example App (moRPH) for tomato phenotyping as a baseline for other apps

EARESHTIIREapp (MmoRPH) |, {EAFREEthapplIEE

Feedback and creation of a community of phenotypers in Europe

WEEFFRE, BRNRR TR K

o . @

Invite e
O
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Genotyping tools to better characterize varieties and their
performance

PR LA (ERERIERVE RIS B TR

Karl Schmid | University of Hohenheim, Stuttgart, Germany | 28 November 2023
Karl Schmid | EEERBHEAE, EEHENNS | 2023511H28H

Plant Variety Rights online technical training for Chinese experts; 28 Nov 2023
B HESRENFHITELRAII; 20236115288

Funded by the European Union
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Overview

www.ipkey.eu

Objectives

Bt

Achievements with some examples

PR S

Challenges

Hedk

Expected innovations

REBUF
B

Funded by the European Union
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| Geain rachila hair type
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Pairwise Roger's Distance
between and within varieties

Funded by the European Union
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Objectives /// Bfx

Identify genome-wide marker sets in different types of varieties and different crops
LERXRGEM. (FINEERSERCE
Develop low-cost genotyping arrays from genome-wide markers to support evaluation of DUS and VCU criteria
DeERAERCHEN, FRERAREDENES], FEXIDUS, VCUHFRERTIHS
Identify novel markers associated with accepted and novel DUS traits
EESBMREFDUSHEIRIBXAFIFRS
Develop models for marker-based evaluation of DUS and VCU criteria and reference collection management
FERIER, BTFEFRCHDUSTIVCUNEIREHEFISE RiNESTE
Improved models for marker-based evaluation of distinctness and uniformity in wheat, maize, PRG, and soybean

“&iﬁg?ﬁiﬂw%ﬁ'ﬁﬂ—ﬁlﬁﬂﬂﬁﬂ (BFNE. EX SFERZFNKAE)

R EVIPO

Funded by the European Union
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Key achievements /// Rk

DUS Marker trait associations (GWAS) -> Marker development

DUSIRIEHEIRIMS (GWAS, £EREBXBSITIHR) -> frcH A

Genome-wide markers -> Genomic prediction of DUS traits

2HEREHEFRC -> DUSHEIRRIEE BT

New computational/statistical methods for DUS criteria and management of reference
collections

DUSINEMZE mMEEEFEITR / St 5

INTELLECTUAL PROPERTY OFFICE

Directed by the European Commission, IP Key is implemented by the European Union Intellectual Property Office (EUIPO). IP Key R IHZE 12455 » WCEANHM MG (EUIPO) SCHE
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-Some selected examples:-Genome-wide association studies for DUS traits—————--~

aRsISER: DUSHHARRY S EEHE KRR

Perennial ryegrass (PRG) //| ZF4£E2EE

Height (2n) Height (4n)
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- - “ ]
e ™ - &) < -
& o & 5
o= T T T o= T T T
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- -1 ] @
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e P Rer T T aTY 2
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=7 I | I I 5 I 1 1 1
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Some selected exa £Ies Genome-wide association studies for DUS traits

ARSI HRIEESER]: DUSTHIRRISEEBXEATHG
Histogram of trait scores

Flag leaf in wheat /// /NEERM MERPELE

Numerous significant hits /// Z/EZ&xEk

7.54

Q-Q plot /// \1_L§51 I A E

pmpam

iﬁ"a sﬁj iﬁ»iﬁ i &5 fh 1% Ei»ﬂ

Trait scored onal-9 (quantltatlve) scale Multlple GWAS hits identified.
HERZ1-9 (BE8) ¥59. BIRAIZTGWASXKEX,

et " James Cockram, Bethan Love, Tally Wright, NIAB, UK
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Some selected examples: Genome-wide association studies for DUS traits

2B533Efl: DUSHEIRATS EEIHKERTH

www.ipkey.eu

Tomato - Trait: Determinate vs. indeterminate growth type

a1 BREKE vs. TIREKE!

FarmCPU.GrowthType
. (-]
37 /
N
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e
1 [P LR ) T 55 ol A, o
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Determinate Tomato Indeterminate Tomato
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. v}“,.’"\“(l -0
Mathilde Causse INRAE " "%  “go e

- X
oy * L)
Funde by the European Union v v

SRR BEE)

Observed -logo(p)
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FarmCPU.GrowthType

Expected -logio(p)
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Genome-wide markers to differentiate varieties /// K9 &2 EEHIFC

Select adequate SNPs for verifying uniqueness and identity of any unique apple genotypes

EFRESIRREREZSME (SNPs) |, LUERIHERIRSF e RERN RS RIEB M0

Use SNPs instead of SSRs to facilitate international comparisons

{EFASNPsTAMMEE, LMEEHERRE

\ 4

Identify a reference set of 96 SNP with high discrimination power
LKMEEELRNNSEER, B596NSNP INRAZ

Charles-Eric Durel

Final selection of 96 SNP allowing at least 6 differences within all pairs of genotypes
RZIEEIONSNP, AFTEERENGPFEEVNER

currently tested for large set of ~800 individuals

HRIXIZI800 MR T 7 AR

Implementation in cheap and high throughput genotyping array (e.g., KASP, Fluidigm
ERNMMNSEEERDEEY (MFELTIKASPE) FsLhE m: R0
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Example: Trait-specific SNP assays for apple /// S5l : FERRIHEIRIGSFIESNP R
Goal: Gather SNPs known to tag other disease-pest resistances, fruit quality, phenology
Bix: WESHAISNPSEIRCEMBERENME. RELmBEMYHES
-> transfer to KASP as chemistry
> EBEKASP (RFUFNLERFRIEPCR)

Approach: Webtool (GenoVarView) to search for variability in a target genomic region to design primers without mismatches
73:%: WebTool (GenoVarView) #ZRBEFEFRAXEHNZERM, LUKITTCHEES 417

< GenoVarView

IRTA”

Maria José Aranzana

Funded by the European Union

SRR BEE)
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‘Example: Genomic -prediction of DUS traits-using genome-wide-markers————————--—-—--

sofl: ALERAIRCXDUSHERETEEEFR

timeOfinflEmer
LOO predictions vs BLUPs from complete data

Genomic BLUP in ryegrass _—
o (=]
= =W =t/2 N z
EEEEFARESMLRITN (BLUP)
: 8- :
E °
= o
£ o ®
&
2
m
(=2}
2 o |
2 @
S
L cor = 0.879 (pairwise complete)
S - /" years percentiles (0, 25, 50, 75, 100): 1,3,5,7,13
m T T T T T
20 30 40 50 60 70
Dan Milbourne TEAGASC Ireland, Adrian Roberts BioSS Scotland UK )
Fundd by e European Union Variety BLUPs over year, all data 2

SRR BEE)
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Example: Improved management of reference collections /// 575l : & RFPESEYH

Reference collection management using markers /// FBtFicEIESE miheE

« Use markers to reduce number of reference varieties in DUS trials /// FBtRicREZDDUSIHIE &% RFhEE
* Are markers more efficient than current UPOV models, whilst staying true to UPQV principles?

EBEFUPOVIENIRIBIHR T, tRcEELEABAUPOVIERIERH?
Approach to be tested in INVITE: /// INVITEIRB & &E54:

- Predict distinctness for each character in turn using genomic prediction /// SEEBERBMORTTUEMERES
+ Collate information over characters to get overall decision /// EB2E&HIKER, KEEEMNEIL

Potential Advantages: /// BIELE -
« Phenotype driven /// FBIRE)]
+ Easier to correlate markers with individual characters than overall distances /// 5EIEEHELL, ERZERC
SEMERERER
H- Uses concept that distinctness only needed in one character /// {EFRER—IKPAEEAVIS TS

Funded by the European Union D EU Ipo

:::::::::::::::

ZRKEE HEE) -
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Challenge: Data type, quantity and quality /// Hkkk: £E3EE. HSFES

« Missing data of genotypes (technical

causes) // ERBEHERK (FARRR)
. Missing data of DUS traits /// DUSTHIREIE

Missing
TR ok
- Numbers of varieties obtained not sufficient I ;’j%e”t
for some tasks /// SRIEAIARFPEIE AR E LTS
PR LTSS
- New phenotypes (e.g. arising from WP2) ///
37| ~7 3 &E
Rt (CRIRBEIFEWP2E)
// NEBIH —i
B = n J
- |
eeyminemun  Anurag Daware, Karl Schmid UHOH grNMTNOCOOIANRIARNAARRIRINANARRARSA/RATS D EVIPO

SZRKEE B

Directed by the European Commission, IP Key is implemented by the European Union Intellectual Property Office (EE'\EO\Y/H }J;L@IY!F,';[} Lﬁé’l—qu_lj rjv;ﬁ(?) EUIPO) 3CHE
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Challenge diversity of genotyping technologies /// Hktk: BEESBEBEASHE

Low coverage whole genome sequencing

Genotyping by sequencing
RBEEXRERANF

MEFERSTY
SPETSs genotyping
SPETSELE S Sequence capture SNP array genotyping
Fr3\ sk SNPEFIER 5 E

KASP markers
KASP#RIC

Take home messages /// 4518 :
+ |dentification of trait-specific and genome-wide markers easily

possible /Il ZTFE=RINEREGRIERCHIEERHIRC

« Which concepts for using markers given technical possibilities?

Il Z SR NE e, [ERABFLTRC?

R EVIPO

Funded by the European Union

SRR BEE)
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‘Genotypingtools to better-characterize varieties and their performance - oe

BEEiFREmM R HIERENERSE TR

Trait-specific markers |mplemented in marker ass :ESJGSR_ tomato, potato, apple)

ErFcoTRERERERIERC (TTEEEDN.

Genome wide diversity of European material characterized for wheat, maize,
ybean PRG -> Mana ement of reference collections

E7ihE. TR, SEERETRNMBHNEERASHF T >EESERNE

Updated methods and software implementations using genome-wide markers for
distinctness and uniformity testing

EREERBRMCHITIES Tﬁﬂ—iﬁ ENL, BEHT N3 AR SERE

Funded by the European Union R EU IPO
MTRLLECTUAL PaoseaT oFFiCE

SZRKEE B

Directed by the European Commission, IP Key is implemented by the European Union Intellectual Property Office (EUIPO). IP KeyEE A M55 » BUEANRMfE (EUIPO) LhE
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Integration of new tools in advanced variety testing

eRmiPli B T ERNSESIEH

Aurélia Gouleau, GEVES, France | 28th November 2023
Aurélia Gouleau, ZEEMRFMRIFILE | 2023F11H8H

Plant Variety Rights online technical tralnlng for Chinese experts; 28 Nov 2023

B2 REERIBRAMUE AT, 20236115268

www.ipkey.eu
Funded by the European Union

SZER RSB
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Index //| B&

Objectives of the integration of new tools in variety testing in INVITE project
INVITEIRH effllisl - LTRSS B TR

Testing of phenotyping tools for variety evaluation in INVITE project
INVITEIR B s RE ot TR

Testing of molecular markers for variety evaluation in INVITE project

INVITEGE ffhiFis s FARCUS . o, ®
Expected applications from INVITE project ' nVlte @
INVITEII B RIFRHEAR F ¢6

Directed by the European Commission, IP Key is implemented by the European Union Intellectual Property Office (EUIPO). IP Key B S Z M<245S » BCAAINFAUE (EUIPO) S5 -
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Objectives of the work /// T{EB#R

Test and validate phenotyping and genotyping tools and methods for improved speed, precision
and efficiency of variety testing

W AIIERBREE SR TEGL, RemPUNAERE, BEFMRE

Improve the management of DUS reference collections by the use of molecular tools
FREPTFIE, BADUSSERHEEE

Develop new variety testing protocols to integrate sustainability criteria into variety testing

HIEFHIRATUITAE, RANAT RN

Propose recommendations to policy makers for the evaluation of heterogeneous plant material

B R TP S M . .ve
P r nnnnnnn | n v | ge@O R EVIPO

Directed by the European Commission, IP Key is implemented by the European Union Intellectual Property Office (EUIPO). IP Key HBERE M5 S » BERMNRM#E (EUIPO) 3ChE
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Testing of phenotyping tools - Sunflower /// FE St LENiX-RmBEZ=

* coverage fraction at early stage . |
EHE%%)_‘% PACRAW ‘\ GEVES

o

© Agroscope q Terres
- Inovia

L]

e g

Sl alal ool ol
-_ o .’ @
2l il ||| | ||| d ||| ||| | ||| | ||| ||| lﬂVlt@E@O

100.00

50.00

Canopeo
software

Coverage fraction
(&l

0.00

canopeo 09/05/24/205 /29005 /24/05 /29/X% /aB/A36/2022
HFF Date... R: EVIPO

mmmmmm TUAL PROPERTY OFFICE

Funded by the European Union

SRR BEE)
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Testing of phenotyping tools - Ryegrass /// FRBE ST TR -BES

Forage grasses/LoIium perenne: canopy height/persistency

WE/FEE: BERE/ATAL

T
A

Flarsars 325earT Instituke for
1 AarZature. Flskarles 37d Fooo

L. i[i

CH model [m]
CHi&EY [m]

g TN
’ . ﬂ‘,..jln

Canopy Height model (CH), variety trial, 20/05/2021
WESEERE (CH), mMilid, 2021658208

autumn 2021, much variability

Fundedlwmernptan Union ?—_rﬁ HE RGB Egj {% tlﬁ*UHTSCheHerOde
BREEH 2021 FFRkE, THRMHRK
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Testing of phenotyping tools - Apple /// F&E TRl -ER
« Development of a downloadable software for shape analysis previously in INVITE project
EINVITETTH A& A FERIFPR DTS

« Demonstrated in apple collection of 120 local apple varieties; extended to almond (100 accessions)
and pear (130 local varieties). Publication in preparation IRTAQ

EE120PM R RAPR AP EPERIGIE; REE100N w0130 A tbEmih. HEEAKR.

Shape Analyzer

20224018 _R26T2 MRF 20221018_RI0TY_MRF-
53_PICLpg &3_PCUpg

(X

29 @4 20221018 R26T2 MRF_ | 20221018_R30T9_MRF-
o e 53_PICpg

R EVIPO

Funded by the European Union

SRKE HH)
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Testing of phenotyping tools - Maize /// BB R TEMR-ERK

* Earlyvigor /// K& T TR

g i * Leafareaindex /// HETHEEL $ )7 . -

i « Plant height /// {EtkESE el AL

g b4 * Senescence /// B& y 2 L.E

R ' P

“ " A ‘.; p; e
i = e —= ' g ’
2 : f

2 e ;

< Gl e

E v : B T

© Agroscope
% acta

\e® =
- i

UAV measurement early vigor (MS, doy

0.04

i
':-"- Cultivar //] £t S A@r 24 L re. Flsbarles 37d Foos :.r:' .'.I: \‘.\ GEVES ® Ear CharaCte rIStICS |
Funded by the rnpean Union *]%’l‘i:{ﬁ R EP'P,O ommce

SRR BEE)

Fp
"""""""" Fla.rsars 52523057 Institute For \‘\ G EVES
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Testing of phenotyping tools - Wheat /// B SR TRl E

- AT Tein R
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Funded by the European Union

SRR BEE)

© Agroscope
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KSE/FHAR

Testing of phenotyping tools — Possible applicability for DUS testing

REI S TR

By

Species

ot

Rye-grass

L

Maize

Wheat

INE

Sunflower

GI=ES

" Apple

R

Traits

{EZTN

Persistency, plant height and

biomass estimation

FAM. EREEEYEME

Plant counting, early vigor, canopy
height, ear characteristics

RS RS, SESE. B

Heading and flowering time, number
of spikes, height at maturity,
senescence, emergence, growth
after winter

HREAITEiats. RE. RS
E. =&, i\ BERE

Coverage fraction at early stage

BHEsR

Fruit shape analysis

LSz

AJgEiE A FDUS izl

drones

AR, Benefits /// (L

 more precise /// EFEHH

drones, connected sticks

FAH, T - adaptation to environmental
phenotyping  platform,  Earbox conditions /// E}_\_}Z{iﬁ 14:
(Phymea)

RESITFES. R (Phymea)

drones, connected sticks, imi |

spectrometer, multispectral and RGB Limits //f BE%J ,f . %ﬁ%/_
cameras « weather dependent /// =
AL, EEZT. JOE. & . P == A
ABHIFIRGBAEH « training of users //| EEHFEE)|
phenotyping platform

FHFE

Drones, Canopeo

invite »
()
Shape analysis software O R EUIPO

www.ipkey.eu
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Testing of molecular markers - Tomato /// 3 Ftxicta-&Hnn

Test of molecular markers linked to 3 disease resistances

53fEmintEtERa D Fimchiz nak {tuinbouw
Tomato Mosaic Virus (ToMV) //l FinfeHiEsEs g‘crea ": —
N T

Tomato Spotted Wilt Virus (TSWV) //] it ERFES
« Fusarium oxysporum f. sp. lycopersici Fol: 1EU/2US /// B IithZERE

)
Invite e
O

EURGPEAN UNION
INTELLECTUAL PREERTY OFFICE
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Testing of molecular markers — Apple (1/2) /ll 3FtrictEl-FE8 (1/2)

« Test the SNP marker linked to PI1 resistance gene in
progenies. /Il TEFAFENSPLIFTHEERIEXRAISNPIRE,

« The marker predicts well the trait in different genetic
backgrounds and is suitable for MAS and could be helpful for
DUS /Il iZtrCREARIF TN AEEIES & FRIMIR, ERT
MAS, FJgetEBENTDUSIL

a0 T T 5 [}
oy Wl A L] i .
L =) 1 1 kA L 5
T A i o [;
L] L T 17 [3
500 L] & G i
250 T T L T
- A - - {
- & [ 4 T
Eii] = & S I
Funded by the European Union D EU Ip

SEEEE e R
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Testing of molecular markers — Apple (2/2) I/l 3FtFictel-FER (2/2)

www.ipkey.eu

Class Gene Type D LG Referencias
Fruit overcolor MYB10 SNP MYB10_Il 9 Chagne et al. 2016
Fruit background color ERF17 SSR ERF17 2 Hanet al. 2018
Early ripening time NAC18.1 SNP DYs 3 Migicowsky et al. 2019
Powdery mildew resistance (PI2) PI2 SNP PI2_PFR 11 Jansch et al. 2015
Scab resistance (Rvi6) Rvi6 SNP Rvi6_PFR 1 Janschet al,, 2015

Markers developed from published information and tested in germplasm

Available at https://bioinformatics.cragenomica.es/projects/genovarview/ IR AFHEEFFRIRD . D= R

Uil g e
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Testing of molecular markers - Lucerne /// 9FtrctEll-22EEE

« Test a new technical approach (NGS-like) in order to manage the DUS reference collection ///
MRHFHIRA T CGEUTNGS) |, LAEEDUSSE R

» Choice of markers done: 37 500 genome portions identified; development of a capture tool
including 35,500 SNP markers /Il BE5EMkiRNCIEE: £E L 37500 EFEEBZPD; AR TE
355001SNPHRICRIRA LR

« Sequencing in progress using the RAD capture tool developed by INRAE instead of
genotyping-by-sequencing (GBS) /// fEFIINRAEFAZBIRAD A LERENFERESE (GBS)

‘;:|:’_§I'II
HITNE INRAZ/
;- X »
e serea @ ceves
Invite
O

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
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Testing of molecular markers - Wheat /// 3FtFictEill-hE

Evaluation of the digital PCR potentialities for a rapid description of genotype content in wheat autogamous, composite crosses and

mixture /| {T&EEFPCRIE/NZBERR. EEGRZMER P IRIEHAEEE S ERYE N
Method for the identification and quantification of wheat varieties in grains, flour and derived products /// &Y. EMFILTEFRF
INE TN EEINEERE

«  Chip digital PCR method for the identification and quantification of hulless and hulled Triticum species /// i F#EFPCRIENN T
MBEFERMIEENTEE

+  Rapid method for mycotoxin detection for wheat chain /// /NE§EE R 5 2= REG 7%

+  Study of the adaptive traits and genetic diversity in traditional wheat landraces /// #i5{EF/ NEH T RFNER MR IR E S

o
N agronomy
B8 biotogy fibey . g ) WDP|
Arivn Cammguricaliv
Digital PCR for Genotype Quantification: A Case Study in A Pmnt of-Care Assay Based on Reflective Phantom Interface
a Pasta Production Chain (RPD) Technology for Fast, Multi-Toxin Screening in Wheat
Lntertus Mo 0 Vol e T — A 2 o Lanella Ao & Matico Salina !, Ciovanni Taglinbue 13, Roberta Chizzoni 2, Valeria Terzi 2@ and Caterina Morcia 2
Morcia et al., Blology 20 2 1a Salina et al., Agronomy, 2022
88 viology Wbt plants [Py
Arkicie Article
A Digital PCR Assay to Quantify the Percentages of Hulled Long-Term In Situ Conservation Drove Microevolution of

Solina d’Abruzzo Wheat on Adaptive, Agronomic and

vs. Hulless Wheat in Flours and Flour-Based Products Qualitative Traits

Caterina Morda "0, Raffzella Ibcq;:mu‘ Sonia Scaramagli 20, Chiam L1L]u;qu Lurella Andreani =,

Paoks W CiorainT Raberia Chisron; | and Valeria T Caterina Morcia ', Riccardo De Flaviis >, Valeria Terzi 1, Maria Eugenia Gasparelli !, Roberta Ghizzoni *,
aoka Camevali !, Ciergio Tamine 7%, Raberta Ghizzoni ' and Valeria Tewi

Franz-W. Badeck 7, Fulvia Rizza !, Veronica Santarelli 2, Giorgio Tumino * and Giampiero Sacchetti 2+

Pt 3 b e i Morcia et al., Biology 2021b Morcia et al, Plants, 2023 R EUIPO
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Expected applications from INVITE /// INVITEIR BEBYFREAN

Information about the applicability of phenotyping tools for variety testing

AT iR S TRERMERER

Information about the applicability of molecular markers for distinctness and management of
reference collection

AT A FincEFRENSERMEEE DERMERNER

Recommendations for the testing of heterogeneots plant material

SRR Y . o, @
Invite «
O

INTELLECTUAL PREERTY OFFICE
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Concluding remarks: general outputs of INVITE

£ZEeRiE: INVITEIRBBYEE(ApLE
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Main general outputs of INVITE (1) /// INVITEIRERIE{SRER (1)

» Setting-up a research community dedicated to support the variety testing scheme
FEAVES\ B giE = 2.Ter b 0k p [N EAS LY
» Improve links between research and users of research findings:
INEE R SHREREFAAEBRIEAR
> DUS: links with the CPVO and several EOs /// DUSlliT{: 5CPVOFIE it RO AIBRER

» VCU and post-registration: Links with VCU Expert network established with agreements that
research should be regularly invited to present their activities. /// VCURF0iEME: 5
VCUERMEZEZIAR, EERIGHFTA R EiGRYILH,

> Breeding testing: EUROSEEDS liaison established /// Bffilllizt: BIZKGMFhFERLZ

» A strong links outside the consortium with other projects (National, European and international)
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Main General outputs of INVITE (2) /// INVITEIREBIE{EREE (2)

>

a Collect huge volumes of historical data that could (should) serve other purposes than just

INVITE research. /// WISEXERPEME, HnJ (RrJ) AFINVITELIH MRS
QO  Improve knowledge /// 12FHAH]

O  Develop tools and methods to be implemented in the EU variety testing /// FFAIG{ERREE mfdunl
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