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Stem diseases

NIRS, TKW (seed
bulk for each plot)

90-95 NN

TD-NMR (bulks of 16 seeds)

transfer to trays
for single seed
measurements

germination test
after accelerated
ageing

Water-, lipid-, carbohydrate-, and
protein content

hyperspectral X-rav CT
imaging y

HT single field pheno-

(/)
O N
N
>
[ |
q°]
. | -
Genotype Environment I
Field Cultivation Controlled Environment - {
phenotypir?g of genotyped @ m
lines & environmental data . d w
Seed Quality 7
winter oil seed rape . validation Mf‘z .
time-resolved seed architec- H
_ ture & time- and space- m o ::::::. .
< resolved multi-omics 0.65 e anomalous
ultra high-throughput data Systems I|3(|0Iogy % .g w&wr"ﬁ]ﬁl]’w.r ), f“ W a “ | germination . ' . . . . ' '
on single seeds . networks & -y L
.l 3D seed model m E o0 WIN' :>'...'.'.
- Y n © /
. I O%’i‘f:t‘, 2 ] 4 .."... .
i P o | M
Ik eigier: - \Mﬁ 9999999
l ) n 504 Qe
- 0 100 200 300 400 ..“ ‘ ® * -

VR visualization
data exploration & analysis

— T 4 PhenoCrane in PhenoSphere for sensor to plant phenotyping

science outreach -c
CF (()) E v Pre-harvest sprouting in detrimental environment for seed development
Plant Breeding 4.0 Seed Systems Biology B Q
= £
i
S 6
O .=
> Z
= @
i
> IPK o
* Thomas Altmann (project leader, RG HET), growth & ‘6 o m—
""""" phenotyping in controlled environment, epigenetics —— g
®* Ljudmilla Borisjuk (RG AAN), MRI & histology, =
POHET metabolome, respiration germination assay C =
G * Jozefus Schippers (RG SE), RNA-seq & tissue sampling _— (O
vz * Evgeny Gladilin (RG BA), growing seed model & image Q. 0
analysis E O
kL Al * Mary-Ann Blatke (RG IMM), metabolic networks (C 'E
L * Matthias Lange (RG BIT), informatics infrastructure \ o
o= ..o » NPZ Innovation g .
Fhs” e * Amine Abadi, breeding nursery, genotyping, X-ray CT, T e
WL (o NIRS & Hyperspec, germination v = | , ,
Pigen [0 . . . . © =
Tl 1t e L4 o= » Technical University Kaiserslautern - O stage 1 stage 2 stage 3 stage 4 stage 5
mine NRT @ T Y ot * Marius Kloft, deep learning
wo e MG, o= » University Bielefeld PCA RNAseq stage 5 Metabolite clusters (LC-MS)
i - .“ . * AndreaBriutigam, regulatory networks 3 [ e ' e
S ity A %4 S ) i - || = oc . = = o oo
st i S T e > Leibniz University Hannover o |- 8¢ . ¢
rBieel | Zorich - SGale o pusiria . © | v wholeseed | "« + i
et e Y ®* Hans-Peter Braun, shot-gun proteomics 7)) =
> Breakpoint One - { S {
* Olaf Sacher & Sebastian Tusk, virtual & augmented reality c 0O O ©- . IE
o~2 | s SR
____________ Bl 1PK Ra1PK L - =
A REHET/SE Epigenome RE IMM i N m 8 | N : Express 1=
Previous | TraI?'igcriplume G ew:tlgzgl!:ﬁl&ry .2 c T A AV '-E
Projects I [E Proteome Rl ! ! ! ! ! ! I
) Metabolome R E S -150 -100 -50 0O 50 100 150
p— Developing Seeds B IPK S (@) s PC1721.4%
ontrolle Hiah- ARG AAN A I . e .
Ez“;:_:::::ii';t resolullginn 3D- II Time-resolved 3D omm sl Identified prOtelnS
40 (3) Lines MRI, Seed Models o = O T,
Histology laPk e Nc::el ‘l\JR:!AR : — : 9%
MIPK plaipk . o Tkl (ot E = contract communities
RG HET oo pﬁsggtt:yrgie & Outreach (@) to single nodes
Plant Stands m Environmental Data 2
. Drone Images
3241 /22YSei;?Ss, — ;‘G@ :::: Deep Learning
400 / 100 Lines wrs saeirn Iggehéjig_ufgafl; ré%? Hy?(?rraspg;_-l:cral T Do
Line x Site x Year G ermi‘{'lati on o P
Plant Cultivation Plant Samples Data Generation Data Processing VR Tools & Outreach
4 (- 2
)
(7)) O
. @)
s Data Management Infrastructure g™ c
“— @ S
, o 9 ™
Digital Twin Concept Data Stewardship _— D
900‘:15‘ m m "E
C004HMOO20R06101STO1 pS oz | [onpon | rmmenss| | PR E r— T O
genotype | field plot | season | physical object Fipespec mages U’ 5_ E
[ 403 plots + 42 Checks J«—| HOH J&—— ‘ . vaerssgcz Images ° E N 8
- R (400 piots + 44 cnecks Je—{ HOV J&—— (1P_ ‘30‘-;%} +:;z§1§c%gf:;rsols-——> ;EEE%Z} Se(gt.jsgf}ys — Gern:;n::::Tesl m
Big Data Integration (s o (30
contaner, patmests || vernee D uie s prvrenceass) | | e IS stage 5
A
Pr;g:':r?;tsed < RESTful API > Pro?;?:,‘;?:t;igtsesr)face Category 2020 2021 | 2022 [ 2023 Total standard
N CT Images 16944725 | 12350001 0 0| 29294726 -
Customized & Dynamic [ Database (saL) ) Programmatic Interface Drone Images 106659 70898 4095 0 181652 t — deV|at|0n
Information < Interface > (private access) Field Observations 13156 16082 2223 0 31461 m w 0 1 mm
A Germination Tests 135040 87024 0 0 222064 w -c *
q ) Hyperspectral Segemented Images 20205346 0 0 0| 20205346 m
§ T TGl | Hyperspectral Tray Images 8024 8160 0 0 16184 0
Seedbag Images (multiple seed images) 1312 1802 0 0 3114 Q E
— 9 —— Single Seed Locations 136032 | 195744 0 0 331968
m TD-NMR Measurements 42510 59940 0 0 102450 m
TOTAL 37592804 | 12789651| 6318 0| 50388965 0 mm
®
|
UIC dClS k= WINNER
i
ding: f x & X e
Funding: BMBF from 01.06.2019 to 30.09.2024 S = \s BESTINDUSTRY
. . _— ] _— f VR
Funding total: 7.2 million €, [PK: 4.4 million € S -
Coordination: Prof. Dr. T. Altmann (IPK, RG HET) 9 Sl 0
: . : >
Website and Data Portal: www.avatars-project.de
% Federal Ministry
of Education Leibni NT
eibniz
and Research Universitst e B E
. cres me B TECHNISCHE UNIVERSITAT .
U n I"e rSItat B I e I Efe I d H a n n Ove r . High Performance Project Solutions
NPZ INNOVATION m KAISERSLAUTERN LEIBNIZ INSTITUTE




