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[Abstract] The goal of this protocol is to assay for defects in synthesis/secretion/release of seed
coat mucilage by ruthenium red staining of mature whole seeds.
The mucilage secretory cells of the Arabidopsis seed coat synthesize and secrete a large
quantity of primarily pectinaceous mucilage to a ring-shaped apical domain during their
differentiation. This makes them an excellent model system to identify genes involved in both cell
wall synthesis and secretion (Western et al., 2000). When wild-type seeds are incubated in
ruthenium red stain, hydrated mucilage is extruded from epidermal cells and a ‘halo’ of redstained mucilage is observed surrounding the seed (Western et al., 2000). Reduced mucilage
staining may result from defects in cell wall biosynthesis, secretion, or impaired release upon
hydration.

Materials and Reagents

1. Seeds
2. 0.01% ruthenium red solution (Sigma-Aldrich, catalog number: 11103-72-3)
3. 50 mM EDTA (optional)
4. dH2O (pH 6.5-7.5) [buffer with 10 mM Tris (pH 7.6), if necessary]

Equipment

1. Microfuge tubes
2. Transfer pipet or aspirator
3. Orbital shaker
4. White porcelin depression plate or clean depression slides
5. Dissecting or compound microscope

Procedure

1. Place ~20 seeds in a clean (but not necessarily sterile) microfuge tube.
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2. Add 800 μl dH2O or 50 mM EDTA.
Shake vigorously (~400 rpm) on an orbital shaker for 2 h at room temperature to hydrate,
and therefore release the mucilage from the epidermal seed coat (see Note 6).
3. Remove as much of the first solution as possible with a pipet or an aspirator and replace
with 800 μl of 0.01% ruthenium red solution.
4. Shake vigorously (~400 rpm) on an orbital shaker for 1 h at room temperature.
5. Remove the ruthenium red solution and replace with dH2O.
6. Observe the seeds, mounted in water, under a dissecting microscope in a white porcelin
depression plate, or on a clean depression slide under a compound microscope.

WT

ech

Figure 1. Mucilage staining of WT and echidna mutant seeds incubated in EDTA
and ruthenium red solution (Gendre et al., 2013). Wild-type seeds hydrated and
stained with ruthenium red display a ‘halo’ of stained mucilage around the seed. This
halo was almost completely absent in echidna seeds indicating a putative defect in
mucilage biosynthesis, secretion, or release.

Notes

1. Ruthenium red is a non-specific chemical dye that binds to negative charges, therefore it
will stain the acidic polysaccharides that make up pectin.
2. EDTA treatment chelates Ca2+ ions from solution, thereby reducing pectin crosslinking.
Thus, EDTA treatment can particularly be used to promote the release of mucilage both
from mutants with reduced amounts of mucilage (e.g. Arsovski et al., 2009a) and those
with chemically altered mucilage that has altered hydration and swelling (e.g. Arsovski et
al., 2009b).
3. If dH2O is significantly lower than pH 7, the dye won't work very well.
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EDTA 0.5 M

Figure 2. Effect of the pH and EDTA on the ruthenium staining. WT seeds were
incubated for 2 h in water with an acidic pH 5.8, a buffered Tris solution or EDTA, prior to
the ruthenium red staining. The acidity is affecting the staining intensity. The EDTA
treatment promote mucilage release giving rise to a thicker halo.

4. Seeds should be completely desiccated (1-2 weeks after harvesting minimum) before
staining.
5. Environmental variations in plant growth can lead to differences in mucilage. If plants are
under stress conditions (i.e. water stress, pathogen attack, deficiency or excess of
nutriments) the seed quality, and therefore mucilage production, may be affected. It is
best to compare seed mucilage from plants that were grown together, and/or to repeat
the experiment several times on different batches of seeds.
6. Seeds have two layers of mucilage: a loose outer layer that washed away with shaking,
and a more tightly bound layer that remains associated with the seed even after shaking
or washing. To observe both layers, seeds can be stained without shaking in individual
wells of a tissue culture plate (e.g. 24-48 well plate) (Harpaz-Saad et al., 2011).

Recipes

1. 0.01% ruthenium red
0.1 g in 1 L dH2O (pH 6.5-7.5)
Stored at 4 ºC
Discard solution if no longer bright pink (it may turn brownish, orange, purple)
2. 50 mM EDTA
1,861 g in 100 ml dH2O
Add EDTA to 80 ml of dH2O
Bring pH to ~8-9 (until EDTA dissolves) with NaOH pellets or 10 N NaOH solution (~2 g
of pellets)
Bring volume to 100 ml
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