Non-invasive water flow imaging
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What drives water movement ?
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Apoplastic structures

Scaffolds: Physical separation of compartments
Thickening: Physical support against implosion / explosion
Pipes: Long distance water transport

Credits: (left) Enstone et al., 2003 (centre top) Steve Gschmeissner
(centre bottom) fossilhunters.xyz (right) mmegias.webs.uvigo.es



Transmembrane structures

- Pumps: Active accumulation of ions / molecules
-  Channels: Passive diffusion of ions / molecules
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Symplastic structures

-  Plasmodesmata: Passive diffusion of ions / molecules

UCL Credits: (left top) Enstone et al., 2003 (right) cache4.asset-cache.net
Earth and Life Institute (left bottom) 4.bp.blogspot.com




Condensed view of radial water flow pathways

Endo. suberized & exo. Casparian band
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Quiz : Plasticity of radial water flow pathways
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Exploration of water flow in hydraulic anatomies with MECHA
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Imaging water flow in plants — multiple methods

Resolution : 100 pum x 60 min Resolution : 200 um x 0.5 min
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0 7.5x10™° mm3/s

Magnetic Resonance Imaging Rapid Neutron Tomography
(Windt et al., 2006) (Zarebanadkouki et al., 2019) 9



Raman MicroSpectroscopy
« RMS » (Pascut et al., 2021)
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Imaging carbon transport in plants

TEMPERATE TREE TROPICAL TREE HERBACEOUS CROP
Populus tremula Erythrophleum Maesopsis eminii Solanum High "C
E. suaveolens Mature S. lycopersicum

E. ivorense

| Young

11C PET-scan autoradiographs
(Hubeau et al., 2019)

S. tuberosum

Low 'C

MRI & PET-scans of 11C in roots
(Metzner et al., 2022) 11



Laser
Resolution : 1 pm x 0.5 min
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Pascut et al. (2021) "Non-invasive hydrodynamic imaging in plant roots at cellular resolution.”" Nat. Commun. 12



The idea of modelling water flow in root hydraulic anatomies

Water flow equations : Xavier Draye
- Flow = Conductance x {, gradient
- Mass conservation

- No water capacitance

Unknown water pressures

‘: Mysc " Vore ™M, -V,

Invert 150k x 150k conductance matrix

Cell
anatomy hydraulic properties

Root

Couvreur et al. (2018) "Going with the flow : Multiscale insight into the composite nature ...". Plant Cell Environ 13



Cell

Root

anatomy hydraulic properties

Parametrizing cell hydraulic parameters

Apoplast

'-"'Symplast

Water flow equations :
- Flow = Conductance x U gradient
Mass conservation

- No water capacitance
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Modelling solute advection — diffusion in hydraulic anatomies
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Solute concentration changes with :
- Solute advection

- Solute diffusion
- No metabolism / selective transport for D,0O

Crank-Nicholson method for implicit solution :

Invert 150k x 150k conductance matrix
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Inverse parametrization scheme for diffusion and uptake rate

Measurement
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iffusion and uptake rate

Inverse parametrization scheme for d
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have higher xylem water flow rates

Hydrophobic barrier mutants
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Mechanisms behind the « xerobranching » response
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Mehra et al. (2022) "Hydraulic flux—-responsive hormone redistribution determines root branching." Science 20



Could ABA be dragged with water flow in the EZ
during a Xerobranching response ?
... as a « hydro-signal »
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Mehra et al. (2022) "Hydraulic flux-responsive hormone redistribution determines root branching." Science
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