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In silico analysis of the promoters
The search for pre-determined regulatory promoter elements was 
done using the program DNA-pattern (Thomas-Chollier et� al., 
2008).

Generation of promoter constructs
To generate the various BRL3 and BRL1 promoter fusion con-
structs, Invitrogen’s Gateway technology was used. In the �rst reac-
tion step, pDONR221 or pDONR207 was used to generate entry 
clones. In the second step, the destination vectors pHGWFS7 [(green 
�uorescent protein/� -glucuronidase) GFP/GUS] and pGWB635 
(�re�y luciferase) ( Nakamura et�al., 2010) were used to generate the 
expression clones. Transgenic plants (GFP/GUS) from 10 independ-
ent T4 homozygous lines were selected by hygromycin resistance 
and homozygous plants were used for expression pattern analysis. 
In addition, the constructs 35S::bes1-D:GFP (Vilarrasa-Blasi et�al., 
2014) and 35S::bes1-D:GR were generated by using the destination 
vector pB7m34GW (Karimi et�al., 2007). Primers used in the clon-
ing of the above constructs are listed in Supplementary Table S1 at 
JXB online).

Histology and microscopy
For GUS detection, 6-day-old seedlings were immersed in ice-
cold 90% (v/v) acetone, incubated for 20 min on ice, rinsed twice 
in dH2O, in�ltrated with GUS [100  mM sodium phosphate buffer 
(pH 7.2), 10 mM sodium EDTA, 0.1% Triton X-100, 1 mg ml–1 
5-bromo-4-chloro-3-indolyl-� -D-glucuronide (Xgluc; Duchefa, 
Haarlem, The Netherlands), 10 mM potassium ferrocyanide and 
potassium ferricyanide] and incubated at 37�°C for 15 h in the dark. 
Samples were rinsed three times in dH2O and treated with 70% etha-
nol. Stained roots were visualized with an AxioPhot (Zeiss, Jena, 
Germany) microscope. For a cell type-speci�c expression analysis 
of ProBRL1::GUS and ProBRL3::GUS within the root meristem, 
GUS-stained seedlings were subsequently immersed in 10% acetic 
acid supplemented with 50% MetOH solution and stained using 
a modi�ed Pseudo-Schiff  (mPS)-propidium iodide (PI) staining 
method (adapted from Truernit et�al., 2008).

To analyze the GFP localization in ProBRL3::GFP lines, 6-day-
old roots were stained in 10�� g ml–1 PI and visualized after excita-
tion by a Kr/Ar 488  nm laser line. PI and GFP were detected with 
a 570–670 nm and a 500–545nm band-pass fi lter, respectively. An 
FV 1000 confocal microscope (Olympus, Tokyo, Japan) was used 
throughout the study.

Luciferase expression�assays
Arabidopsis protoplasts were isolated as previously described 
(Sheen, 2002) and transfected with different ProBRL3::LUC  pro-
moter fusions (pGWB635 vector), 35S::bes1-D:GFP or 35S::GFP 
and 35S::Renilla (PHTT672, from Pioneer) (Morohashi et�al., 2012). 
For the expression assay per se, the Dual-Luciferase Reporter Assay 
System (Promega, Madison, WI, USA) was used. The biolumi-
nescent signal was measured using a luminometer Centre LB 960 
(Berthold). The data were normalized for Renilla activity. After nor-
malization, the fold change was calculated as the ratio between each 
particular treatment and the treatment with the promoter constructs 
without transcription factor ( Schagat et�al., 2007). For each experi-
ment, three technical and three biological replicates were used.

ChIP�assays
35S::bes1-D:GFP (Vilarrasa-Blasi et� al., 2014) and Col-0 plants 
were grown in 1/2 MS (12 h light/12 h dark cycles) for 6 d.�Seedlings 
were �xed with 1% formaldehyde and nuclei were extracted accord-
ing to Deal and Henikoff  (2011). ChIP experiments using anti-
GFP antibodies were performed according to Gendrel et�al. (2005). 

Detection of PCR products was performed using Absolute qPCR 
SYBR Green mix (Thermo Scienti�c) in a Biorad thermocycler. Two 
different biological replicas were performed for each region of inter-
est. The ChIP-quantitative PCR (qPCR) data were analyzed using 
the Percent Input Method (Nagaki et�al., 2003). With this method, 
signals obtained from the ChIP are divided by signals from an input 
sample. This input sample represents the amount of chromatin used 
in the ChIP. Primers used for qPCR are listed in Supplementary 
Table S1.

Results

Promoter deletion analysis of BRL3 and BRL1 receptor� 
genes

Previous GUS reporter gene assays in transgenic Arabidopsis 
lines using a 750 bp BRL3 promoter fragment and a 1.72 kb 
BRL1 promoter fragment, respectively, showed an overlapping 
expression pattern for both genes in the plant vascular tissue 
(Caño-Delgado et�al., 2004). To identify cis-elements impor-
tant in the regulation of BRL3 and BRL1, promoter::GUS 
truncations were generated and used to analyze their expres-
sion (Fig.�1A; Supplementary Fig. S1A).

The ProBRL3::GUS expression in the root was analyzed 
in 6-day-old seedlings of two representative independ-
ent T4 homozygous lines generated for each construct. The 
ProBRL3-1719::GUS construct showed GUS expression 
in the root differentiation zone, in lateral root primordia, 
in the two protophloem cell �les, and in the QC within the 
root meristematic zone (Fig.� 1B, C). Removal of a 621 bp 
region (ProBRL3-1098::GUS) eliminated expression in the 
QC, while expression in the root differentiation zone, in lat-
eral root primordia, and in the two protophloem cell �les was 
still visible (Fig.�1F, G). In the next shorter promoter dele-
tion construct, ProBRL3-755::GUS, reduced expression was 
detected in the two protophloem cell �les and in the differen-
tiation zone, whereas in lateral root primordia GUS staining 
was lost (Fig.�1J, K). Subsequent analysis of the ProBRL3-
498::GUS, ProBRL3-384::GUS, and ProBRL3-218::GUS 
lines revealed that BRL3 expression in the root was com-
pletely lost (Fig.�1N, O, R, S, V, W). These results indicate 
that the BRL3 promoter requires a minimal promoter length 
of 755 bp for proper BRL3 expression in the root vascular 
tissue, although the expression pattern differs slightly from 
the one detected in ProBRL3-1719::GUS transgenic lines. 
The loss of BRL3 expression in emerging lateral roots in 
ProBRL3-755::GUS transgenics suggests that additional 
relevant elements may exist within the region betrween base 
pairs 1098 and 755. Finally, elements within the 5'-�anking 
region between base pairs �1719 and �1098 are controlling 
BRL3 expression in the�QC.

In addition, ProBRL3-1719::GUS constructs displayed 
BRL3 expression in the vascular tissue, the tip of the coty-
ledons, and in the shoot apex (Fig.� 2A, B). In ProBRL3-
1098::GUS,ProBRL3-755::GUS, and ProBRL3-498::GUS 
transgenic lines, BRL3 expression was lost in the shoot apex, 
but still visible in the vascular tissue and also in the tip of the 
cotyledons (Fig.�2E, F, I, J, M, N). The ProBRL3-384::GUS 
plants only showed expression at the tip of the cotyledon 


