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Roots
- anchor plants
- uptake water and nutrients

Under drought, growth of roots
- allows the prospection of distant and wetter soil horizons
- contributes to plant acclimation and tolerance to water deficit

& Control of root growth under water deficit ?

Populus deltoides x nigra cv Soligo
Cuttings grown in hydroponics
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Root growth under osmotic stress

Osmotic Stress (PEG)
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* moderate stress : sightly higher than control
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Root elongation results from cell division and cell expansion

Beemster, 2003
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Relative Elemental Growth Rate
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Relative Elemental Growth Rate
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- REGR differentially affected along the growth zone

» Cell expansion rate differentially affected
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Are growth alterations due to variations of hydraulic conductivity ?

. . 1 dv L
Biophysical model of cell expansion (Lockhart, 1965): v da L+g (P=Y)

Cell wall

Plasma membrane

Tonoplast
cell wall extensibility

water ~ ~

Aquaporins expansins, XET, ...

Hydraulic limitation of cell expansion (Cosgrove, 1993; Boyer & Silk, 2004)

% Involvement of aquaporins ?
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Aquaporin family : several classes
- PIP : Plasma membrane intrinsic protein
-TIP : Tonoplast intrinsic protein

& NIP, SIP, XIP ...

100 PITIP18

-~ PITIPA-7 Pt : Populus trichocarpa
88 72 0 pF‘Fm_‘fz At : A/‘db/dOp.S'/:S' thaliana
100 pe— : .
—l g Zm : Zea mays
AtTIP1-3
s —B—— ',
100 ZmTIPI-1 . .
8 OTPL1 8 TIPIs in Populus trichocarpa genome
AITIP1- 4 paralog pairs (gene duplication)

Gupta and Sankaramakrishnan, 2009

Our guestions

% 1- Expression of TIPIs in the growing zone of the poplar root ?
% 2- How is the expression level of TIPIs affected by osmotic stress ?
% 3- Can we access to the regulation of TIPIs expression ?
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1- Relative expression of TIP1s in the growing zone of the root

>
mim

1
ERRRIN

Total RNA extraction
!
6 I [N I € ¢ I I
250 ng/pL — Total RNA concentration —> 10 ng/pL

|
Reverse Transcription (on 100 ng RNA)

\4
UUUWU?UU@@U

Quantitative PCR

Gene expression normalization
(geometric mean of 3 reference genes:
TIP1.1, TIP1.8 & ADH)

'

Relative expression

Expression of aquaporins in the root apex - Root Symposium - August 2011 - 9



1- Relative expression of TIPIs in the growing zone of the root

Relative expression
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1- Relative expression of TIP1s in the growing zone of the root
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2- Relative expression of TIP1s under moderate osmotic stress
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2- Relative expression of TIP1s under high osmotic stress

Relative expression
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2- Relative expression of TIP1.4 and cell expansion
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3- Can we access to the regulation of TIP1s expression ?

Growing root

In a growing organ, it is necessary
to take into account
cells movement and their expansion.

0O 1 2 3 4 5 6 7 8 9 10 11 12
Distance from root tip (mm)

y

Mature organ :

Regulation of D (= 0 p Loy 9r P o v
gene expression = ot () 0 X (x) 0 X (x)
temporal variation of Ne;l' . — "
transcript density accumulation Temporal Convection Dilution
rate variation

Sp / 8t

The continuity equation (issued from a fluid mechanics formalism)
gives access to the net accumulation rate of transcript,i.e.,
the regulation of gene expression
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3- Spatio-temporal pattern of regulation in a moving particule’
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3- Spatio-temporal pattern of TIP1.4 regulation during cell expansion
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