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EXPERIMENTAL PROCEDURES: 

Plant material. The SUC:SUL line (ecotype Col-0) was previously described (1). The dcl4-2, 

ago1-12, ago1-27 mutant backgrounds carrying the SUC:SUL transgene were described 

previously (1-2). The SUC:DCL4 construct was obtained by amplifying a 10Kb-long genomic 

fragment of DCL4 corresponding to the sequence found between the start and stop codons. The 

SUC:FLAG-AGO1 construct was obtained by introducing the FLAG-AGO1 cDNA as previously 

described (3). The P19, P19HA, P21 and P21HA cDNA used for the corresponding SUC2-driven 

transgenes were as described (4-5). The various SUC2-driven constructs were introduced into the 

appropriate background by the floral dip method, according to Bechtold and Pelletier (6). 

 Immuno-fluorescence involved a set of transgenic plants independently generated as follows. A 

cassette containing a 1.5 kb upstream promoter fragment of CAB3 gene (-1537 to -1 relative to 

the transcription start site of At1g29910) and Nos terminator was inserted into pCB302 (7) to 

create pCBCAB3. A GUS-HA and a TBSV P19-HA genes were inserted into pCBCAB3 to make 

pCBCAB3:GUSHA and pCBCAB3:P19HA, respectively. A SUC2 promoter cassette containing 

a 2.1 kb upstream promoter fragment of SUC2 gene (-2158 to -1 of At1g22710) and Nos 

terminator was inserted into pCB302 (7) to create pCBSUC2. An inverted duplication including 

intron 1 of the CH42 gene (At4g18480), or the GUS-HA or TBSV P19-HA genes, were inserted 

into pCBSUC2 to make pCBSUC2:dsCH42 (renamed SUC:SUL2), pCBSUC2:GUSHA and 

pCBCAB3:P19HA, respectively. We established single copy homozygous T3 transgenic plants 

with each construct described above, then crossed pCBSUC2:GUSHA and pCBCAB3:P19HA 

expressing lines with a SUC:SUL2 line. F1 progenies were used for immunostaining. 

 

RNA analysis. Total RNA was extracted from Arabidopsis tissues with Tri-Reagent (Sigma, St. 

Louis, MO) according to the manufacturer’s instructions. RNA gel blot analysis of high and low 

molecular weight RNA was on 10 µg and 30 µg of total RNA respectively, and was as described 

previously (5). Ethidium bromide staining of total RNA before transfer was used to confirm equal 

loading. Radiolabeled probes for detection of the SUL or CHS siRNAs were made by random 

priming reactions in the presence of α-32P-dCTP (Amersham). The template used was a 400bp-

long (for SUL) and 256bp-long (for CHS) PCR products amplified from Arabidopsis cDNA. 

DNA oligonucleotides complementary to miRNAs and trans-acting siRNAs were end-labeled 

with γ-32P-ATP using T4 PNK (New England Biolabs, Beverly, MA). 



 

Protein analysis. Total proteins were extracted from 4-weeks-old seedlings or from flower buds 

of Arabidopsis and were resolved on SDS-PAGE. After electroblotting on Immobilon-P 

membrane (Millipore), protein gel blot analysis was carried out using the appropriate antiserum. 

Rabbit antisera were raised against a peptide designed in DCL4 (IPSKLLGKRDREQKNC), and 

affinity-purified by Eugentec (Eurogentec SA, Belgium). 

 

Immunoprecipitation. The peptide used to raise rabbit polyclonal antibodies against AGO1 was 

described previously (8). Antibodies were affinity-purified before use. For immunoprecipitation, 

1g of 3-4-weeks old seedlings or 0.3g of flower buds were ground in liquid nitrogen, and 

homogenized in 3ml/g of extraction buffer (50mM Tris-HCl, pH 7.5, 150mM NaCl, 10% 

glycerol, 0.1% NP-40) containing 1 tablet/10mL of protease inhibitor cocktail (Roche) for 1 hour 

at 4°C. Cell debris was removed by centrifugation at 12,000g at 4°C for 30 min. Extracts were 

precleared by incubation with Protein A-agarose (Roche) at 4°C for 1h. Precleared extracts were 

then incubated with affinity purified AGO1, HA or FLAG-specific antibodies and protein A-

agarose overnight at 4°C. Immunoprecipitates were washed three times (20 min each) in 

extraction buffer. Aliquots of the immunoprecipitates and of the supernatant were collected 

before the first wash to assess by Western blot analysis the efficiency of immunoprecipitation. 

For RNA analysis, immune complexes, were subjected to Tri-Reagent extraction (Sigma). 

 

Real time RT-qPCR. 2 µg of total RNA samples were reverse transcribed into polydT cDNAs 

using SuperScript III reverse transcriptase (Invitrogen). The cDNA was quantified using SYBR 

Green qPCR kit (EUROGENTECH) and gene specific primers on a BIORAD icycler apparatus 

according to the manufacturer’s recommendations. PCR was carried out in 96-well optical 

reaction plates heated to 95°C for 10 min to activate hot start Taq DNA polymerase, followed by 

40 cycles of denaturation at 95°C for 15 s and annealing-extension at 62°C for 30 s. miRNA and 

ta-siRNA target quantifications were performed with specific primer pairs (primer sequences 

available upon request) surrounding the small RNA cleavage site and results were normalized 

with ACTIN2 (At3g18780) as previously described (9). For each cDNA synthesis, quantifications 

were made in triplicate. For each quantification, a melt curve was performed at the end of the 

amplification experiment by steps of 1°C from 55°C–95°C in order to ensure that quantification 



was not due to primers self-amplification. Error bars represent standard deviation from three PCR 
reactions performed each time in two independent experiments. 
 
Biolistic delivery. Primers p-fwd (ACAGATCTTCGATTTCAAGGAGGACGGAA) and p-rev 

(CCAGGCCTTCATGTTTGTATAGTTCATCCATGC) were used to amplify the 360 last 

nucleotides of the mGFP5 cDNA (“P” part). Amplified products were cut with BglII and StuI, 

gel-purified and ligated into the BglII/StuI sites of pLitmus28i (New England BioLabs). Sense 

and anti-sense ssRNA were in vitro transcribed using the T7 RiboMAX kit following the 

manufacturer’s instructions (Promega). dsRNA was obtained by annealing the same amount of 

sense and anti-sense transcripts in 10mM Tris-HCl and 20mM NaCl, 5 minutes at 95°C and 

slowly cooling overnight at 4°C. Transcript integrity and dsRNA formation were verified by  

agarose-gel electrophoresis.  

siRNAs corresponding to regions of mGFP5 were purchased from Invitrogen and were obtained 

either annealed or as single-stranded molecules. Positions of 5’ and 3’ ends relative to the ATG 

start codon are indicated in parenthesis. Sense siRNA 6566, 5’(235)-

CCAACACUUGUCACUACUU-3’(253); antisense siRNA 6566, 5’(253)-

AAGUAGUGACAAGUGUUGG-3’(235); sense siRNA 6768, 5’(476)-

GCCACAAGUUGGAAUACAA-3’(494); antisense siRNA 6768, 5’(494)-

UUGUAUUCCAACUUGUGGC-3’(476); sense siRNA 6970, 5’(542)-

GCAUCAAAGCCAACUUCAA-3’(560); antisense siRNA 6970, 5’(560)-

UUGAAGUUGGCUUUGAUGC-3’(542); sense siRNA 6768 5’U→A, 5’(476)-

GCCACAAGUUGGAAUACAU-3’(494); antisense siRNA 6768 5’U→A, 5’(494)-

AUGUAUUCCAACUUGUGGC-3’(476); 3’ terminal TT were added systemically according to 

Elbashir et al. (10). 
In vitro-grown Arabidopsis seedlings 12-15 days after germination were bombarded by using a 
PDS-1000/He particles delivery system (Bio-Rad). DNA, RNA and siRNA were loaded on gold 
particles and were delivered at 1,300 psi following the manufacturer’s recommendations. GFP-
silencing foci or movement of ALEXA555-labelled siRNA were imaged using a Leica Z16APO 
Macrofluo equipped with a 5x Plan Apo main objective and 20x-30x additional zoom factor, using a 
Leica DFC360FX camera and LAS 3.4.1 imaging software. For GFP and ALEXA555, a 470/40nm, 
500nm, 525/50nm (excitation, dichromatic, emission) or a 546/12nm, 560nm, 605/75nm (excitation, 
dichromatic, emission) filterset were used, respectively. 
 



Immunohistochemistry. 
Arabidopsis leaves were fixed in PFA (4% paraformaldehyde, 1x PBS), embedded in paraplast 

and sectioned as previously described (11). Pretreatment of the samples included deparaffination 

and rehydration. The samples were washed twice in buffer A (1x PBS 0.05% Triton X-100, 1% 

BSA, 5% normal goat serum) for 1h. Incubation with primary antibody (dilution 1:100) against 

the HA epitope was performed overnight at 4°C in Buffer A. This incubation was followed by 

two washes of 15 min each with buffer B (1x PBS 0.05% Triton X-100, 1% BSA). Incubation 

with anti-rabbit alkaline phosphatase-conjugated antibodies (dilution 1:1000) in 1x PBS buffer 

was performed for 1h at room temperature. Four washes in 1x PBS buffer for 10 min were 

followed by one wash in Fast RED buffer Tris-HCl 0.1M, pH 8.2) at room temperature. 

Detection of the signal was performed with Fast RED/Naphthol AS-Mix as substrate according to 

the manufacturer’s instructions (Sigma, St Louis, USA). The reaction was stopped by rincing the 

sections in stop-buffer (10mM Tris-HCl, pH 8.0, 1mM EDTA). Samples were mounted in 

mounting medium (Sigma) and observed under the light microscope. Specificity of the 

immunolabeling was checked by omission of either the primary antibody or substitution of 

primary antibodies with preimmune serum. 

 

Immunofluorescence 

The F1 progeny of pCBSUC2:GUSHA and pCBCAB3:P19HA expressing lines crossed to a 

SUC:SUL2 line were used for immunostaining. We used rosette leaves 7, 8, and 9 from 4-weeks-

old plants for immunostaining.  Plants were grown in a growth chamber with a 16 h light/8 h dark 

cycle at 22˚C. Leaf sections were made by hand according to an previously published procedures 

(12). Tissue fixation was done according to Sauer et al. (13). After re-hydration, the sections 

were incubated with 2% BSA in 1x PBS for 1h. The sections were then incubated with an anti-

HA antibody (3F10; Roche), and then with a biotinylated secondary antibody from the 

VECTASTAIN Elite ABC Kit, Rat IgG (VECTOR LABORATORIES). Follwoing ABC reaction 

with the VECTASTAIN Elite ABC reagents, the sections were incubated with Alexa fluor 488-

tyramide (TSA kit #12; Invitrogen). The sections were then stained with 0.25% Fluorescent 

Brightener 28 (Sigma). Following antibody, ABC reagents, 488-tyramide, and Fluorescent 

Brightener 28 treatments, the sections were washed three times with 1x PBS. All treatments were 

done in a 1.5 mL Protein LoBind Tube (Eppendorf). Images were taken through a confocal laser 



scanning microscope (Zeiss LSM 510 Meta). The vein images were taken from class I central 

vein regions. 
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SUPPLEMENTAL FIGURE LEGENDS 

Fig.S1. (A) P19HA immunolocalization (Alexa Fluor 488) in transversal sections of leaves from 

SUC:SUL transgenic plants expressing P19HA under the mesophyll-specific promoter 

(CAB3:P19HA). Plants expressing a CAB3:GUSHA transgene provide a positive control for 

mesophyll-cell-specific retention of the immunolabelling. Cell walls were stained with 

fluorescent brightener 28. (B) P19HA and GUSHA expression were confirmed by protein blot 

analysis. (C) SUL-silencing in wild-type, SUC:GUSHA or SUC:19HA transgenics. (D) P19HA 

Immuno-staining in transversal sections of SUC:P19HA-expressing SUC:SUL transgenics and 

controls. Xy: xylem, Ph:Phloem, M:Mesophyll. 

 



Fig.S2. Companion-cell-specific P21 expression suppresses cell-to-cell SUL-silencing 

movement. (A) Phenotypes of SUC:SUL plants in wild-type, SUC:P21 (lines #3 and #4) or 

SUC:P21HA (line #5) transgenics. (B) Northern analysis of P21 mRNA, SUL siRNAs and 

miR159 in the plants depicted in (A). (C) HA-specific immunoprecipitation in SUC:SUL 

reference plants or in SUC:P21HA-expressing SUC:SUL transgenics. Total RNA was extracted 

from IPs and low-molecular-weight RNA subjected to Northern analysis. (D) Northern analysis 

of total RNA and IP fractions of AGO1-bound small RNA in control, SUC:P21- or SUC:P21HA- 

expressing SUC:SUL plants (top panel). AGO1 immunoprecipitation was confirmed by protein 

blot analysis (bottom panel).  

 

Fig.S3. Western analysis of DCL4 accumulation in wild-type SUC:SUL plants (SS), 

SUC:SUL/dcl4 mutants and five independent SUC:DCL4/dcl4 transformants (#10, 9, 7, 12, 11). 

 

Fig.S4. Cell-autonomous requirement for AGO1 in SUL-silencing. (A) SUL-silencing in 

SUC:SUL wild-type, ago1-27 and SUC:FLAG-AGO1/ago1-27 trangenic plants. (B) Western 

analysis of FLAG-AGO1 accumulation in three independent SUC:FLAG-AGO1/ago1-27 

transgenic lines. (C) FLAG-specific immunoprecipitation in SUC:SUL wild-type, ago1-27 and 

SUC:FLAG-AGO1/ago1-27 transgenic plants and Northern analysis of SUL siRNA, miR173 and 

miR159 accumulation in total RNA or FLAG-AGO1 IP (upper panels). FLAG-AGO1 

immunoprecipitation was confirmed by protein blot analysis (bottom panel). 

 

Fig.S5. (A) Bombardment of 35:dsGFFG-expressing plasmid on GFP142 transgenic seedlings at 

5dpb (upper panels) and 8dpb (lower panels). GFP142 expresses constitutively a GREEN 

FLUORESCENT PROTEIN (GFP) transgene. The GFP-silencing foci triggered in the initial 

bombarded cell or group of cells, spreads extensively from cell-to-cell (beyond 10-15 cells) 

owing to reiterated and RDR6-dependent amplified silencing events. Consequently, silencing foci 

often fuse with each other at 8dpb, generating large areas of GFP-deprived tissues. (B) Same as 

in (A) but in XD216 transgenic seedlings. XD216 corresponds to GFP142 in the sde1/rdr6 null 

mutant background. In this case, GFP-silencing foci spread over 10-15 cells and do not further 

expand due to the lack of RDR6 activity in recipient tissues. (C) Of the three co-delivered GFP 

siRNA duplexes (Fig.4B), only two (siRNA6970 and siRNA6768) recapitulated individually the 



GFP-silencing movement (Fig.4E-F). The non-functional duplex (siRNA6566) shown here may 

have had a poorly accessible target site in the GFP message. We noticed, nonetheless, that its 

guide-strand had a 5’-terminal adenosine compared to a 5’-terminal uridine for siRNA6970 and 

siRNA6768. In Arabidopsis 5’-U small RNAs are predominantly loaded into AGO1, the cognate 

effector of RNAi, whereas 5’-A small RNAs engage preferentially into AGO2 and AGO4, which 

have no established role in RNAi (1-3). (D) To investigate this further, the 5’-U of siRNA6768 

was replaced with a 5’-A, which resulted in a complete inability to trigger GFP-silencing in 

XD216 seedlings. (E-F) Absence of GFP-silencing foci on XD216 leaves when bombarded with 

single-stranded guide- (E) or passenger-strands (F) from siRNA6768. (G-J) Co-localization of 

GFP-silencing foci (H, J) and movement of ALEXA555-labelled siRNA (G, I) on XD216 leaves 

at 4dpb. Note that labelled siRNAs often reach the vein network upon cell-to-cell movement. 

 

1. T.A. Montgomery et al., Cell 133, 128 (2008). 

2. S. Mi et al., Cell 133, 116 (2008). 

3. A. Takeda, S. Iwasaki, T. Watanabe, M. Utsumi, Y. Watanabe, Plant Cell Physiol 49, 493 

(2008). 

 












