DE LA RECHERCHE A L'INDUSTRIE

Scientists

DESNOS Thierry (CEA)
BERTRAND Edouard (CNRS)
NUSSAUME Laurent (CEA)
ZHU Jinsheng (CEA)
LI-BEISSON Yonghua (CEA)
Ingénieurs/Techniciens
DAVID Pascale (CEA)
DUONG Nathalie

Post-doc

BOORA Neelima

PhD

HANI Sahar (REGION)
MERCIER Caroline (CIFRE)
DEBNATH Pratima (EMBO)

www.cea.fr

STUDY PHOSPHATE UPTAKE IN

PLANTS

EBMP team



11

billion

. Production
(million tonn;;) in 2050

Annual Phosphorus

30
25
= 20

15

" e
€ "0)00» Q,Q@*@Q S

So ISP
o PO e o
v, 7 R

IR0 3o
"&v»mp

(Y /AN ‘.A,'-

g P (> .

Y e A\"' - ~” e .n\,-»n' y
o Year / = A R 1 p)

GPRI & Institute for Sustainable Futures (ISF), Sydney; Cordell et al. 2009

-50% of soils used for agriculture have not sufficient bio-available P content
-Bio-available Pi ressources are limited (recovered from mineral P rocks of
mostly from sedimentary and a fraction from volcanic origin)




Crucial for photosynthesis/
cell respiration

Constituent of DNA/RNA

Component of lipid bilayer

Signal transduction
(ex phosphorylation)

* Pi (phosphate) is the main source of P that can be taken up by
plants




IMAGING Pi BY STAINING TISSUES
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Visualize mineral Pi distribution
Natural conditions (0-5/10uM) not very discriminant

Semi quantitative
Guo et al., 2024. Nature Plants




Weak mobility of phosphate in soils
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Poor mobility in soils: due to association
with cations/ organic compounds

Same Pi cc-> very different result
between soil or liquid

Fast mobility in plants thanks to PHT1
(Pi transporters family) 5




COMPLEXITY OF TRANSPORTERS MANIPULATION
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Anterograde pathway

ﬁ Retrograde pathway

Misson et al., 2004 PMB; Misson et al., 2005 PNAS,; Bayle et al., 2011 Plant Cell;
Chen et al., 2015 Plant Cell; Ayadi et al., 2015 Plant Physiol; Kanno et al., 2016 elife;
Dindas et al., 2022 Current Biology




Cea Impact of such regulation: PHF1 mutation
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PHF1: ER localized Bayle et al., 2011 Plant Cell

PHF1: a protein facilitating ER crossing



Pi at root tip

Uptake or translocation?

44 33Pj labelling experiment



(Qa Pi uptake at the root tip level
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From Lee et al., 2013, J. Exp.Bot.

* Piabsorption is rapid: measurable within 1min
* Root tip contributes to 1/3 of Pi influx

Kanno et al., 2016 elife

Thanks to Pr Nakanishi and Dr Kanno




Cea Fast adaptive responses to Pi deficiency
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Svistoonoff et al., 2007 Nature Genetics
Balzergue et al., 2017 Nature Communication

Systemic

Organic acids

|

Complex transcriptional regulation ~1000 DEG
(Misson et al., 2005 PNAS; Thibaud et al., 2010 Plant J.)




Introduction

a Identification of fast responsive genes to Pi

Refeeding Pi starved plants -> RNAseq
22 fast responsive markers (within 20 min) identified
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Roots respond faster than in shoots
Regulation highly conserved (crops...)->PCR markers



DETECTION OF PI DEFICIENCY IN PLANTS
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Cea HOW ACCESS TO TRANSCRIPTION SYNTHESIS?

RTgPCR:
pool of total RNA/no access to
cell layer
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 RNA degradation varies (¥ life of mRNA ~ 107 mins on average

but up to 1 day)
« Decay of fluorescent proteins ~ hrs
« Transcriptional control can occur within seconds (light stress)



SOLUTION: MS2-MCP SYSTEM FOR LIVE
e TRANSCRIPTION IMAGING




REAL-TIME VISUALIZATION OF Pi-MEDIATED

Cea TRANSCRIPTIONAL REPRESSION

Refeeding experiment started when
fluorescent dye is detected
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E Spinning disk microscopy

Spinning disk

Microscope Hani et al., 2021 Nature Plants

Pi modified transcription within 3/5 min in whole
root (PCR detect only after 20/30 min)
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