JULICH

Forschungszentrum

EG U gg;leer;ablly 2 O 2 5 Plant Scien?ee,yA\ivs(;ri?nSi:late Transport, ' '

Positron Emission Tomography

phenoPET:. Observing Carbon Transport within Individual Plants

Matthias Streunt!, Ralf Metzner?, Gregor Huber?, Daniel Pflugfelder?, Antonia Chlubek?, Robert Koller?, Claudia Knief3, Benedikt Scherer!, Peter Wistner!, Egon Zimmermann?, and Ghaleb Natour!-

Lnstitute of Technology and Engineering, ITE, Forschungszentrum Jilich GmbH, Julich, Germany 2 Institute of Bio- and Geosciences, IBG-2: Plant Sciences, Forschungszentrum Julich GmbH, Jilich, Germany
3 Institute of Crop Science and Resource Conservation — Molecular Biology of the Rhizosphere, University of Bonn, Bonn, Germany 4|SF, Faculty of Mechanical Engineering, RWTH Aachen University, Aachen, Germany

Motivation Workflow / Results \
T

Investigating carbon allocation patterns in Evaluation 4] | omato shoot
plants is crucial for understanding
development of plant biodiversity. Yet, little is PET image Root identification Virtual detectors Time activity curves Times of half maxima Velocity estimation \/.e|OCItI'eS]d¢Iffer between branch and stem
known about assimilate transport velocities, 1 100 - - _11 : T
. . — 90 - £ 45 | I :
because literature values from singular and > Ego | . £ l
. Ops £ E | labelled branch
destructive = measurements are  hardly z g7 s z —_ctem below branch
. >06 560 y=4.29x—131.1 S g
representative. = 5 50 =10 8 Z
£ K O 6 -
. S [ & = e —
We developed a dedicated scanner o 5. A Trace; 2 - ~
. ] ] . O k<) ..!' ranspor *q;)'
(phenoPET) and applied positron emission N0 320 - S velocity g,
. 10 - .
tomography (PET) with Carbon-11 (!IC) as semina o . . 4.9 mm/min 0
. .l . root 80 100 120 140 0 50 100 150 20 30 40 50 M1 M?2 M3
tracer to determine tracer transport velocities time [min] time [min] Time of Half Maximum [min]
in different plant types, plant parts during a Sugar beet
day or over days.
T : VeIOC|t chan es in beet
Quantitative Image Reconstruction y . g Time of Half Maximum [min]
R S i e 4SS 20 30 40 50 60 70 80
0 ' —e— ' '
M £
easurement ——————— E 20 - o
— y =2.28x - 97.04 'e.
The phenoPET Scanner | |
Shoot.cuvette z "o
. y = T 60 “-.
£ y = 4.72x - 236.98 ‘o
“ 80 - R2=0.99 'Y
S L
:?, 100 - ®
g
120 J
References
\ . J. Scheins et al. "Fully-3D PET image reconstruction using scanner-independent, adaptive projection data anm
: ] highly rotation-symmetric voxel assemblies." IEEE transactions on medical imaging 30.3 (2011): 879-892.
DEteCtor RI N g PET Im age . C. Hinz et al. "Setup and characterisation according to NEMA NU 4 of the phenoPET scanner, a PET system
(p ea rOOt) dedicated for plant sciences." Physics in Medicine & Biology 69.5 (2024): 055019.
. Hinz, Carsten. “Accurate Quantitative and Dynamic PET Imaging with the phenoPET Scanner i B
. . ' for Plant Studies”, phD thesis, 2021, https://elekpub.bib.uni-wuppertal.de/ubwhs/id/6826183 — 5] ._L.'-':_
 Field-of-View: 18cm¢ X 20cm helght . H. Lanzrath, E. von Lieres, R. Metzner, G. Huber. "Analyzing time activity curves from spatio-temporal tracer
. . ' ~ = la 8 A \ - data to determine tracer transport velocity in plants." Mathematical Biosciences (2025): 109430.
* Spatial Resolution: 1.6mm i R\ ' :
- . . phenoPET G?fas Exchange PR — & phenoPET in
e Minimal Time Frame: £ 1 min. h Syst | >Climate Chamb
: : Vst S @7/ d [e) n £S: peripher stém AN . CliImate amper A
* Image reconstruction with PRESTO software [1]. 7T T e PENIpneey Y TN e N Y =i Matthias Streun
* System comprises all necessary corrections and Cyclotron for 11CO, production The Gas Exchange System adminis- CO, is either applied Control of Temperature, Humidity, m.streun@iz-juelich.de
. . . . 11 . o . V4
provides fully quantitative results [2,3]. ters a defined amount of *CO, to to the shoot or a leaf. Light and also “Wind” Effect. Institute of Technology and
the plant (typ. 50MBq). Scan Time: typ. 2.5h.

Engineering (ITE) Sharing is
https://www.fz-juelich.de/de/ite encouraged

Member of the Helmholtz Association



https://www.fz-juelich.de/en/zea/zea-2/about-us
https://www.fz-juelich.de/de/ite

