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SI SUPPLEMENTAL FIGURES 

 

 

 

 

Figure S1. pEXPA1::n3xGFP expression in the cortical cells overlaying the lateral root 

primordium. C, cortex; Ep, epidermis. Cell outline visualized by staining with propidium 

iodide. 
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Figure S2. (A) Schematic representation of the EXPA1 genomic region, indicating the 

position of the T-DNA insert (60 bp upstream of the transcriptional start site in the 5′ UTR 

region of EXPA1). UTRs, dark grey lines. (B) qRT-PCR analysis of EXPA1 expression in 

expa1-1. Average of 3-4 biological replicates ± standard error. Statistical significance 

(Student’s t-test) compared with Col-0 is indicated: *, p-value < 0.01.   
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Figure S3. (A) Separation of monosaccharide sugar standards analysed by High Performance 

Anion Exchange Chromatography - Pulsed Amperometric Detection (HPAEC-PAD) 

analysis. Peaks represent the sugars present and the area under the peak allows quantification 

of the amount of sugar based on standards that have been run through the column first to use 

for quantitative comparison. (B) Representative chromatogram of sugar monomers of acid 

hydrolyzed whole roots of Col-0 and expa1-1 with and without 6 h 10 µM NAA treatment. 
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Figure S4. Monosaccharide sugar analysis on hydrolyzed Col-0 and expa1-1 roots at 7 days 

after germination with and without 6 h of 10 µM NAA treatment using High Performance 

Anion Exchange Chromatography - Pulsed Amperometric Detection (HPAEC-PAD). 

Average of two independent biological replicates are shown, each with 2-3 technical 

replicates, ± standard error. There is no statistical difference (Student’s t-test) compared with 

Col-0 at p-value < 0.05.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

.CC-BY-NC-ND 4.0 International licenseIt is made available under a 
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.

The copyright holder for this preprint. http://dx.doi.org/10.1101/249961doi: bioRxiv preprint first posted online Jan. 18, 2018; 

http://dx.doi.org/10.1101/249961
http://creativecommons.org/licenses/by-nc-nd/4.0/


31 

 

 

 

Figure S5. (A) Schematic of the lateral root induction system. Seedlings were exposed to the 

auxin transport inhibitor 1-N-naphthylphthalamic acid (NPA), followed by transfer of 

seedlings to the synthetic auxin 1-naphthaleneacetic acid (NAA) for 6 h. Vertical parallel 

lines represent the pericycle with red indicative of auxin induction in the pericycle that drives 

lateral root initiation, the dotted blue lines represent the region where the cell measurements 

were made (see B). (B) Illustration of root confocal slice used for cell width measurements. *, 

pericycle; En, endodermis; C, cortex; Ep, epidermis. (C) Indication of measurement approach 

to determine pericycle cell (orange) width by averaging multiple positions along this 

pericycle cell (yellow lines). (D) Arabidopsis root cross section with white box marking 

region used for schematic. Schematic of root cross section with the pericycle in yellow and 

xylem pole pericycle junctions imaged marked as red stars.  
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Figure S6. Representative Raman spectra of pure cell wall compounds used as reference 

spectra. The spectra of purified commercial xyloglucan and pectin were found to contain a 

high level of autofluorescence and so were photobleached for 30 mins prior to spectral 

acquisition; cellulose did not require photobleaching. a.u., arbitrary units. 
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Figure S7. Average of 4-6 measurements ± standard error depicting chemical spectra in the 

range 1000 – 2000 cm
-1 

(top) and 2750 – 3100 cm
-1 

(bottom) of pericycle cell junctions on 

cross sections of (A) NPA and NAA-treated Col-0 roots and (B) NPA-grown Col-0 and 

expa1-1 roots.  a.u., arbitrary units. 
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Figure S8. Primary root length of Col-0 and expa1-1 at 10 days after germination. Student`s 

t-test gave no significant difference. 
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Figure S9. Visualization of progression through early lateral root development stages in roots 

of 3 days post germination seedlings that were imaged 12 h after gravitropic root bending in 

wild type (Col-0) and expa1-1. Walls were visualized using the plasma membrane marker 

pUBQ10::EYFP:NPSN12 (referred to as WAVE131YFP). 
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Figure S10. Boxplots of endodermis (A) and cortex cell width (B) in Col-0 and expa1-1 roots 

of seedlings at 3 days after germination on 10 µM NPA. Data from 6-8 roots with at least 8 

cells per genotype. There is no statistical difference (Student’s t-test) compared with Col-0 at 

p-value < 0.05.   
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SI MATERIALS AND METHODS 

 

Plasmids and constructs 

 

The pEXPA1::n3xGFP line was generated using a previously published vector backbone (58) 

with the EXPA1 promoter fragment defined as 1901 base pairs upstream of the start codon. 

Homozygous transgenic lines were used for all experiments. For generation of expression 

constructs, standard molecular biology procedures and Gateway Cloning Technology 

(Invitrogen) was used. For the complementation construct pEXPA1::EXPA1-6xHis, the 

genomic sequence of AtEXPA1 (fragment containing the 2.5 kb promoter, coding sequence 

and the UTR’s was PCR-amplified using TTCCAAATATAGCATTGGACCGT and 

AGCACTCGAAGCACCACTT) was cloned into the entry vector pCR8-GW-TOPO and 

transferred into the destination vectors pGWB7 (no promoter, 6xHis tag) (59). Plasmids were 

transformed into Agrobacterium tumefaciens strain C58 (pMP90) and Arabidopsis thaliana 

plants were transformed by floral dip as previously described (60). Homozygous, 

independent transgenic lines with a single insert were analyzed. 

 

In planta and in silico expression analysis 

 

Total RNA was extracted from roots using a Qiagen
®
 RNeasy plant mini kit. Poly(dT) cDNA 

was prepared from total RNA using the SuperScript II
®

 Reverse Transcriptase (RT) from 

Invitrogen
®
. qPCR was performed using PerfeCTa SYBRGreen

®
 FastMix, Low ROX 

(Quanta) on Roche LightCycler 480 apparatus. Results of the qPCR analysis are from a 

minimum of two independent biological replicates with four technical replicates in each. 

Expression of EXPA1 was determined using the following primers: 

GATGTCAAGAAACTGGGGACA and GAAAGACCAGCCTGCGTTAG. Expression levels 

were normalized to that of the control gene ACTIN using the following primers: 

CTGGAGGTTTTGAGGCTGGTAT and CCAAGGGTGAAAGCAAGAAGA. To assess the 

hormone-regulated expression of cell wall-related genes, we used Genevestigator data (on 

08/07/2014) (61), retaining the experiments indicated in Dataset S1. The 406 putative cell 

wall remodeling agents were identified based on dominant families in the literature and/or 

information in TAIR (www.arabidopsis.org). 
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Root and cell size measurements 

 

The root length and number of lateral roots were determined using a dissecting microscope 

and ImageJ software (imagej.nih.gov/ij/). LR density indicates the number of LRs per cm of 

the primary root. All data are the mean values for each plant considered. Experiments were 

repeated three times and statistical analysis of data was performed using the Student’s t-test. 

For cell size measurement, following treatment, confocal Z-stacks of roots were collected 

~400 microns from the tip with the xylem poles in focus. The stacks were processed into 2D 

images with the different cell layers in focus using the z-project feature in Fiji 

(imagej.net/Fiji). Although the curvature of the root surface varies greatly, the surface of the 

pericycle cells in the longitudinal confocal section is small enough to be locally flattened in 

2D without too much cell shape deformation (SI Appendix, Fig. S5). The cell width was 

measured at multiple points along the cell and averaged out to account for non-uniform cell 

shapes of the different cell layers (SI Appendix, Fig. S5). To account for membrane 

thickness, the measurements were taken at midpoint to midpoint of the membrane surface. 

Boxplots were generated with shiny.chemgrid.org/boxplotr/. 

 

Confocal Raman microscopy 

 

The roots were embedded in 4% Agarose (BioReagent for molecular biology, low EEO, 

Sigma-Aldrich) and 100-micron thick root cross sections were prepared with a Vibratome 

(Leica VT 1000S Vibratome). The sections were sealed in D2O (Sigma-Aldrich) on a glass 

slide with nail paint to prevent evaporation of the solvent. Confocal Raman spectroscopy and 

imaging was performed using a Horiba LabRAM HR microscope equipped with a 

piezoelectric scan stage (Märzhäuser, Germany) using either a 532 nm or a 785 nm laser, a 

100x air objective (Nikon, NA = 0.9) and 50µm confocal pinhole. To simultaneously scan a 

range of Raman shifts, a 600 lines mm
-1

 rotatable diffraction grating along a path length of 

800 mm was employed. Spectra were detected using a Synapse CCD detector (1024 pixels) 

thermoelectrically cooled to ~60°C. Prior to spectral acquisition, the instrument was 

calibrated using the zero-order line and the diagnostic phonon mode at 520.7 cm
-1

 from a 

Si(100) reference. Single point Raman spectra of approximately 1 and 2 micron spatial 

resolution (lateral and axial dimensions respectively) were acquired by optically focusing on 

the point of interest on the sample. The offset between the optical and laser focus was 
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accounted for by maximizing the signal intensity as a function of sample height. For the root 

cross sections, Raman spectra (λex = 532 nm) were acquired with an integration time of 120s 

(8 accumulations to increase the signal to noise ratio and remove spectral artefacts, e.g. 

cosmic rays), within the range of 1000-3200 cm
-1

, from multiple points on the pericycle cell 

junction and averaged to obtain the final cumulated spectra for comparative analysis (Fig. 

S5D). Root sections were taken from at least six roots of each genotype and treatment and the 

spectral peaks for each line and treatment were compared for consistency in spectral pattern 

and reproducibility of peaks. Raman spectra (λex = 785 nm) of the reference materials were 

collected to use as the basis for comparative post-analysis (Fig. S6). All spectra were 

processed using LabSpec 6 software (Horiba Scientific). The spectra were baseline corrected 

with a local polynomial fit of the data, and subsequently smoothed using the DeNoise filter 

embedded in LabSpec 6 software. Spectral features within the range 2000-2750 cm
-1

 

associated with the D-O stretching vibrations in D2O were removed from the analysis and 

thus only vibrational modes within the ranges 1000-2000 cm
-1

 (fingerprint region) and 2750-

3100 cm
-1

 (C-H stretching region) were compared for differences in the position and intensity 

of spectral features. 

 

Monosaccharide analysis 

 

30 mg of homogenized, dried root tissue was subject to two stage hydrolysis. 12 M sulphuric 

acid (1 ml) was added and the sample was incubated for 1 hr at 37°C. This was then diluted 

with 11 ml MilliQ
®
 water and incubated for a further 2 h at 100°C. The sugar monomer 

content of the supernatant was determined by High Performance Anion Exchange 

Chromatography with Pulsed Amperometric Detection (HPAEC-PAD). The hydrolysate was 

analyzed using Dionex
®

 ICS-3000 comprised of a high-pressure GD 50 gradient pump, an 

analytical column (Carbopac
®
 PA20, 4 mm × 250 mm). 10 mM NaOH was used as the 

mobile phase and the column was flushed with 200 mM NaOH between runs. All 

chromatographic analyses were carried out at 30°C with a flow rate of 1.0 ml/min. Samples 

were diluted 1:100 in 10 mM NaOH and centrifuged at 4472 g for 10 min before loading to 

Dionex
®
 vials. Sugar standards ranged from 0.250 to 2 g/L of arabinose, galactose, glucose, 

and xylose. The chromatograms for all lines and treatment have been included in the 

supplementary data (Fig. S3). 
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Comprehensive microarray polymer profiling (CoMPP) analysis 

 

 

Cell wall material was isolated from 7 DAG roots of wildtype and expa1-1 after treatment 

with 10 µM NAA for 6 h as alcohol-insoluble residue (AIR). Frozen material was 

homogenized to a very fine powder in liquid nitrogen, 70% (v/v) ethanol was added to each 

tube and vortexed thoroughly and spun down at 14000 rpm for 10 min and the supernatant 

discarded. A methanol/chloroform (1/1) mixture was added to the pellet and vortexed 

thoroughly, spun down at 14000 rpm for 10 min and the supernatant discarded. The pellets 

were re-suspended in acetone and air-dried overnight. A total of about 500 roots were used 

for the extraction with a yield of about 10 mg AIR for each sample. These were subjected to 

sequential extractions as previously described (1). The extractions were performed using only 

diamino-cyclo-hexane-tetra-acetic acid (CDTA), and sodium hydroxide (NaOH) with 0.1% 

(v/v) sodium borohydride (NaBH4). These respectively enriched for pectin and 

hemicelluloses. The extracted fractions were printed as microarrays with six replicates and 

three dilutions and then probed with a range of primary antibodies or carbohydrate-binding 

modules (Table S1) and visualized using the appropriate alkaline phosphatase (AP) 

conjugated secondary antibodies before developing as described (30). The majority of 

monoclonal antibodies for selected cell wall epitopes was obtained from 

www.plantprobes.net/index.php and RU1 and RU2 are from INRA, Nantes, France. The 

arrays were scanned and mean spot signals calculated and represented as a heat map in which 

color intensity is proportional to numerical value.  
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