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 eFP visualization of the root expression pattern of the GDSL-like lipase/hydrolase  
gene GELP51 (At2g23540). Display of absolute expression values for GELP51 in the root.  
Consistent with a putative function on root suberization GELP51 is predominantly expressed  
in the endodermis. Data and graphics were extracted from the Arabidopsis Translatome eFP  
Browser available at http://bar.utoronto.ca Mustroph et al.  2009  

 Schematic drawing of the GELP51 locus (At2g23540) with indicated T-DNA insertion  
positions of available mutant line’s (GK_016A11, gelp51-2; SALK_033359, gelp51-1).

 Semi-quantitative RT-PCR on the GK_016A11 line, SALK_033359 line and on Col-0  
plants for GELP51 transcript levels in roots. ACTIN was used as internal control. Line  
GK_016A11, now named gelp51-2, was selected for further analysis.

 GC-MS quantification of the suberin monomer profiles of gelp51-2 and wildtype Col-0 
roots following delipidation and depolymerization according to Franke et al., 2005. The  
gelp51-2 mutant is substantially increased in the predominant suberin monomers. The total  
suberin content in gelp51-1 is 39% higher compared to the wildtype (Figure -OH-
Acids, ω-Hydroxyacids; α,ω-Diacids, α,ω-Dicarboxylic acids. Data are means ± SD, n=6.  
Significances relative to wildtype (t-test, *P<0.05, **P<0.01).

 eFP visualization of the root expression pattern of the NAC-like transcription factor  
gene ANAC038 (At2g24430). Display of absolute expression values for ANAC038 in the root.  
Consistent with a putative function on root suberization ANAC038 is predominantly expressed  
in the endodermis. Data and graphics were extracted from the Arabidopsis Translatome eFP  
Browser.

Schematic drawing of the ANAC038 locus (At2g24430) with indicated T-DNA
insertion positions of available mutant line’s with the selected mutant line’s 
(GK_890E11; FLAG_335C06; SAIL_784G11; SALK_103716,
anac038-1; WiscDsLox_HS007-11H, anac038-2).

Semi-quantitative RT-PCR screening on the insertion lines 
FLAG_335C06, GK_890E11, SAIL_784G11, SALK_103716, WiscDsLox_HS007-11H and 
on Col-0 plants for ANAC038 transcript levels in roots. ACTIN was used as 
internal control. Lines FLAG_335C06, GK_890E11 and SAIL_784G11 did not show 
any significant changes in ANAC038 expression levels. Mutant lines SALK_103716, 
now named anac038-1, and WiscDsLox_HS007-11H, now named anac038-2, were 
characterized as transcriptional knock-out mutants and selected for subsequent suberin 
analysis by GC-MS.    



 GC-MS quantification of the suberin monomer profiles of anac038-1 and wildtype 
Col-0 roots as in (d). The anac038-1 mutant is significantly increased in all aliphatic suberin 
monomers. The total suberin content in anac038-1 is 31% higher compared to the wildtype 
(Figure 1C). The anac038-2 mutant from the WiscDsLox T-DNA collection showed a very 
similar increased suberin phenotype2. As the majority of the mutants used in this study were 
from the SALK collection, anac038-1 was selected for the physiological studies. ω-OH-Acids, 
ω-Hydroxyacids; α,ω-Diacids, α,ω-Dicarboxylic acids. Data are means ± SD, n=6. 
Significances relative to wildtype (t-test, *P<0.05, **P<0.01).

 GC-MS quantification of the suberin monomer profiles of anac038-2 and wildtype 
Col-0 roots as in (D). The anac038-2 mutant is significantly increased in the all suberin 
monomers. The total suberin content in anac038-2 is 43% higher compared to the wildtype 
(Figure 1C). The anac038-2 mutant is from the WiscDsLox T-DNA collection  

 As the majority of the mutants used in this study were  from the SALK collection, 
anac038-2 was not included in all studies. ω-OH-Acids, ω-Hydroxyacids; α,ω-Diacids, α,ω-
Dicarboxylic acids. Data are means ± SD, n=4. Significances  relative to wildtype (t-test, 
*P<0.05, **P<0.01).

1 Albeit endodermis specific GELP51 expression, GELP51 co-oexpression with known suberin 
genes and the enhanced root suberin content in the line GK_016A11 we do not want to claim 
that these data are prove for GELP51 being required for suberin formation. It is relevant for 
this study that line GK_016A11, named gelp51-2, consistently shows an enhanced root suberin 
content. An in-depth characterization of these mutants and the mutated genes will be published 
separately.
2 An in-depth characterization of these mutants and the mutated genes will be published 

separately. 

Primers: 
For semiquantitative RT-PCR of GELP51: 
LS832 GGCGGATTAGGAGCTTCTTT 
LS833 AACAAGCCTTTGTCGCACTT 

For semiquantitative RT-PCR of ANA038: 
LS908 CGAAAATGGGAGGAAAAGAA 
LS839 CGCCATTGTACGAAGCACTA 
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Fig. S2 Propidium  iodide penetration in the root of CS and suberin mutants. Confocal cross-
section of PI stained 21 days-old plants at various locations along the root, as indicated in Figure 
1a. Asterisks mark the staining of the xylem vessels after penetration of the PI into the stele. In 
magenta: primary root. In red: lateral roots. One representative image is shown, n ≥ 3. Scale 
bar = 50µm. Method: 21 days-old plants cultivated for 10 days in vitro and then 11 days in 
hydroponics were incubated for 1h in 2ml of 1/1000 propidium iodide in hydroponic solution. 
Cross-sections were reconstructed from Leica SP8 confocal z-stack images. Imaging parameters 
were identical for all images: 40x water objective, excitation: 633nm from HeNe laser with z-
correction 2-8% intensity, emission: 723-730nm.
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Fig. S3 Deconvolution of the Auramine O signal in 21d hydroponically grown plants enables the 
detection and quantification of endodermal and peridermal suberin 

a) and b) Reconstitution of a full primary root image of a 21d Arabidopsis Col-0 plant grown for 10 days in
vitro and 11 days in hydroponic solution, then stained with Auramine O staining, as in Ursache et al., 2018.
Image from 44 tiles taken with a stereo-microscope under bright-field light (a) or under UV-light using the
GFP filters (b). Lateral roots longer than ~1cm were severed in order to facilitate the observation of the
primary root. Scale bar: 10 mm. In b), suberin developmental stages are indicated following the
deconvolution of the Auramine O signal explained below.

c) Close-ups from b) showing the various patterns of Auramine O signal, from the root tip to the base.
Xylem vessels are marked with an asterisk while the signal attributed to suberin is highlighted by
arrowheads. The outlines of suberin are presented in the panel below each picture. Scale bar: 100µm
No suberin: the signal originates only from the xylem vessels,
Around LRP: besides the xylem vessels, a signal located in the endodermis is visible around the lateral root
primordium (LRP) emergence,
Patchy: a signal located in the endodermis is visible but discontinue, xylem vessels can still be observed
distinctly,
Continuous: a signal engulfing the stele is observed on top of the xylem vessels. A composite image of this
same zone is also shown in i).
Periderm: the auramine O signal covers all the root

d) Confocal observations of the auramine O signal in the stele of roots at the same zones than c). Images
were obtained after z-stack reconstitution. Xylem vessels can be distinctly observed and are noted with an
asterisk. The pictures confirm the endodermal origin of the other source of signal seen in c), which fill and
surrounds the cells. This resembles the staining pattern expected from a suberin lamella covering all
endodermal cell surface, very distinct from the band-like, restricted signal in the center of a cell as
expected from a lignified Casparian strip. It is highlighted with arrowheads. The outlines of suberin are
drawn in the panel below each picture. Scale bar : 50µm

e) Overlay of bright-field and Auramine O signal where epidermal and cortical cells slough off (still visible
on the right side). According to Campilho et al. 2020, this position identifies the stage V of periderm
development. Scale bar: 100µm

f), g) and h) 3D reconstitution of co-imagings of auramine O and RFP signals from Col plants expressing the 
suberin synthesis reporter pGPAT5::NLS-RFP construct, in the LRP zone, zone of patchy suberisation, and 
periderm zone, respectively. A brighter signal in the endodermal cells/periderm cells is associated with the 
presence of the nuclear RFP signal. In particular, note how a high Auramine O signal is associated to the 
RFP nuclear localisation on the left side of (f), while almost no signal in both channels occurs on the right 
side.  These observations confirm that the Auramine O signal that can be identified at the endodermis is 
most probably due to the presence of suberin, and that the patterns observed in (b) can be attributed to 
the different stages of suberin development. 

i) Overlay image of the continuous zone, signals from brightfield and UV/GFP channels. Scale bar: 100µm.







Fig. S4 Correlations between root hydraulic conductivity (Lpr-h) and PIP aquaporins expression 
levels in the roots of Col-0 and a collection of 7 Arabidopsis mutants with alterations in 
endodermal CS and/or suberin. Complement to Fig. 4. Spearman’s correlations were not 
statistically significant. Plants were grown hydroponically for 19-21 days (N=3), color code similar 
to main figures. 



Fig. S5 Effect of NaCl on the root hydraulic conductivity (Lpr-h) of Col-0 and of a collection of 16 CS 
and suberin mutants. Hydroponically grown 21-day-old Arabidopsis plants were kept untreated 
(clear bars) or treated for 1h with 100mM NaCl (hashed bars) before measurement using pressure 
chambers (means ± SE, n=15-20, N=3). Stars over the bars indicate significant differences among 
control and salt treatment means (* α < 0.05; ** α <0.01; *** α <0.001). 



Fig. S6 Kinetics of rosette development and transpiration rates in Col-0 and in a selection of CS 
and suberin mutants grown under environmentally controlled conditions. Plants were grown in 
soil in a Phenopsis platform, (a) kinetic of rosette development and (b) day (clear bars) and night 
(hashed bars) transpiration rates of five-weeks old plants. 



 Table S1  Table summarizing the different mutants analyzed in the present study.  
Arabidopsis thaliana genotypes used in this study, grouped and color-coded according to the results 
presented in Figure 1 and Figures S2 and S3. All mutant genotypes are in the Col-0 background. 

Plant Original accession  Type of 
mutation AGI mutated Reference Function Group 

Columbia-8 / 
Col-0 N60000 

myb36-1 11250, lwc1 
Fast neutron 
promoter 
mutation AT5G57620 Kamiya et al., 

2015 Transcription factor 

CS(-)Sub(+) 

myb36-2 GK-543B11 T-DNA
insertion

esb1-1 14501, dir10 

Fast neutron 
1 kb 
promoter 
deletion AT2G28670 Baxter et al., 

2009 
Dirigent domain 
containing protein 

esb1-2 GABI_858D03 T-DNA
insertion

casp1-1 casp3-1 SAIL_265_H05/ 
SALK_011092 

T-DNA
insertions

AT2G36100/ 
AT2G27370 

Roppolo et 
al., 2011 

Casparian strip 
membrane domain 
proteins 

sgn3-3 SALK_043282 T-DNA
insertion

AT4G20140 

Pfister et al. 
2014 Leucine-rich repeat 

transmembrane-type 
receptor kinase 

CS(-)Sub(=) sgn3-4 SALK_064029 T-DNA
insertion

Tsuwamoto 
et al., 2008 

sgn3-3 esb1-1 
Wang, Calvo-
Polanco et al. 
2019 

anac038-1 SALK_103716 T-DNA
insertion

AT2G24430 
Present work 

Transcription factor 
CS(=)Sub(+) anac038-2 WiscDsLox_HS007-

11H 
T-DNA
insertion Present work 

gelp51-2 GK_016A11 T-DNA
insertion AT2G23540 Present work GDSL-likeLipase 

/Acylhydrolase 

horst-1 SALK_107454 T-DNA
insertion

AT5G58860 Höfer et al., 
2008 

Cytochrome P450 
monooxygenase, 
CYP86A1 

CS(=)Sub(-) 
horst-2 SALK_104083 T-DNA

insertion

pCASP1::CDEF1 T-DNA
insertion

Naseer et al., 
2012 

Member of the GDSL 
lipase/esterase family 

horst-1 ralph-1 Present work 

ralph-1 SM.37066 Transposon 
insertion 

AT5G23190 Compagnon 
et al., 2009 

Cytochrome P450 
monooxygenase, 
CYP86B2 

CS(=)Sub(x) 
ralph-2 SALK130265 T-DNA

insertion



Table S2  Ionomic comparisons of the shoots of CS and suberin deficient mutants. 

(a) Heat map showing the positive (red), negative (green), or no (grey) differences among each
mutant with respect to Col-0 under control conditions. (b) t-test p-values showing significant
differences at α=0.05, with respect to Col-0, in the content of each element and for each mutant
(n.s., not significant.).

a 

Element myb36-1 esb1-1 sgn3-3 
esb 1-1 

sgn3-3 gelp51-2 anac038-1 horst-1 horst-1 
ralph-1 

ralph-1 

K 
Fe 
Na 
Mg 
Mn 
Zn 
Ca 
P 
Cu 

b 

Element Treatment myb36-1 esb1-1 sgn3-3 

esb 1-1 

sgn3-3 gelp51-2 anac038-1 horst1 horst1 

ralph1 

ralph1 

K Control 0.0003 <.0001 <.0001 0.0001 n.s. n.s. n.s. n.s. n.s.

Fe Control n.s. n.s. 0.0370 n.s. n.s. n.s. n.s. n.s. n.s.

Na Control n.s. n.s. <.0001 n.s. n.s. n.s. n.s. n.s. n.s. 

Mg Control 0.0002 n.s. <.0001 <.0001 n.s. n.s. n.s. n.s. n.s. 

Mn Control n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 

Zn Control n.s. n.s. <.0001 0.0038 n.s. n.s. n.s. n.s. n.s. 

Ca Control 0.008 0.0005 n.s. n.s. n.s. n.s. n.s. n.s. n.s. 

P Control n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 

Cu Control n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 
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