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[Abstract] Carotenoids in plants play several key functions such as acting as light-harvesters,
antioxidants (Lado et al., 2016) or being precursors of strigolactones, abscisic acid, volatiles and other
signaling compounds (Arbona et al., 2013). Although those functions are well-known in light-exposed
tissues, information in belowground organs is limited because of reduced abundance of these pigments.
In order to better understand the role of carotenoids in roots, we developed a methodology to increase
the abundance of these pigments in underground tissues. We took advantage of the fact that citrus roots
exposed to light develop pigmentation in order to increase the carotenoid content. Therefore, here we
describe a simple method to increase carotenoids in citrus roots.
Keywords: Abscisic acid, Phytohormones, Growth chamber, in vitro culture, Root detachment, Seed
germination

[Background] Carotenoid abundance in roots is quite limited and, therefore, understanding the role of
these compounds becomes difficult. Exposure of roots to light is a simple, fast and useful tool to increase
carotenoid levels in these tissues, especially when compared to other genomic approaches such as
overexpressing some key genes of the carotenoid biosynthetic pathway (Cao et al., 2015).

Materials and Reagents
1. Pirex® culture tubes 25 x 150 mm
2. Disposable syringes (25 ml)
3. 1.5 ml Eppendorf tubes
4. Citrus seeds (e.g., from a commercial rootstock)
5. Murashige and Skoog (MS) medium (4,302.09 mg L−1) (Duchefa Biochemie, catalog number:
M0221)
6. Sucrose (30 g L−1) (any supplier)
7. Sterile MiliQ-water
8. Agar (European Bacteriological Agar) (Conda, Pronadisa, catalog number: 1800)
9. Tween® 20 (0.1% v/v) (Sigma-Aldrich, catalog number: P2287)
10. Myo-inositol (100 mg L−1) (Duchefa Biochemie, catalog number: I0609)
11. Pyridoxine-HCl (1.0 mg L−1) (Duchefa Biochemie, catalog number: P0612)
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12. Thiamine-HCl (0.2 mg L−1) (Duchefa Biochemie, catalog number: T0614)
13. Nicotinic acid (0.5 mg L−1) (PANREAC QUÍMICA, catalog number: A0963)
14. Glycine (0.2 mg L−1) (PANREAC QUÍMICA, catalog number: 141340)
15. Mix A (see Recipes)
16. Sodium hypochlorite solution (50.0%, v/v) (see Recipes)
17. NaOH (0.1 N) (any supplier) (see Recipes)

Equipment
1. Pirex® media solution bottles
2. Autoclave (Raypa, model: Steam Sterilizer AES-75)
3. Laminar flow hood (Bioquell, ASTEC MICROFLOW, model: Microflow Laminar Flow
Workstation M50546)
4. Hooked tweezers
5. Growth chamber (Snijders Scientific, model: Economic Lux Climate Chamber)
6. Long-handled scissors with curved tip
7. pH meter (HACH LANGE SPAIN, model: pH meter Basic 20)

Procedure

A. Prepare growing medium
1. Dissolve 4.3 g L-1 of MS, 1.0 ml of mix A (see Recipes) and 30 g L-1 of sucrose in distilled water.
2. Adjust the pH of the solution to 5.7 ± 0.1 with NaOH (0.1 N).
3. Distribute the solution in bottles for autoclaving.
4. Autoclave the solution at 105 °C for 5 min.
5. Dissolve 9.0 g L-1 of agar to solidify the medium.
6. Even with the warm medium and by means of syringes, dispense 25 ml of the solution into the
culture tubes and cover it.
7. Autoclave the racks containing tubes for 15 min at 115 °C.
8. Let it cool down and store at room temperature.

B. Plant material preparation
1. Remove the coats of the seeds to increase and homogenize seed germination. Avoid damaging
the seeds; especially pay attention not to injure the embryo (Figure 1). Disinfect the seeds by
putting them into a sodium hypochlorite solution (50.0%, v/v) plus 0.1% (v/v) Tween® 20 for 10
min.
2. Rinse the seeds three times with sterile distilled water in order to remove hypochlorite solution.
3. Store the seeds in a sterile laminar flow hood preventing dehydration.
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Figure 1. Example of seeds coat removal for increasing the rate and homogenization of
germination

C. Germination and growing conditions
1. Working in a sterile laminar flow hood and by means of a sterile tweezer, place one seed per
tube in the solidified growing medium and cover the tubes after sown (Figure 2A).
2. Once seeds are sown place racks into a growing chamber for two weeks maintained at 25 °C
and darkness to promote germination (Figure 2B).
3. After two weeks, transfer the etiolated seedlings (of about 5 cm in large at that time) to a lighted
growth chamber. Set photoperiod conditions of 16:8 h (light:dark), temperature of 25 °C and a
minimum radiation of 150 µmol m-2 s-1 photosynthetically active radiation (PAR) (Figure 2C).
4. After three weeks under light conditions when plants have grown and turned to green coloration,
shoot needs to be removed. In the sterile laminar flow hood plants are detached from shoot by
means of long-handled scissors (Figure 3). Do this under sterile conditions in the laminar flow
hood. Shoots are removed by cutting about 5 mm below of the root/shoot junction, keeping the
remaining root inside the medium to avoid future shoot regrowth (Figure 2D).
5. Tubes containing root tissues are maintained for at least two days prior to experiments are
performed to exclude any side-effect of wounding (Figure 4).
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Figure 2. Example of seedling development under in vitro condition. A. Sown seeds. B.
Etiolated seedlings growing under dark conditions. C. Seeds turned green after 3 weeks under
illumination. D. Detail of green roots after removal of shoots just under the shoot/root junction.

Figure 3. Detail of long-handled scissors used for detaching roots

Figure 4. Detail of the coloration of detached root in response to dark (right) and light
(left) exposure
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Data analysis

The aim of this protocol is to increase the levels of carotenoids in roots. To evaluate the raise of
these pigments two alternative methodologies could be used: on one hand, spectrophotometric
analysis could be performed by many different protocols, evaluating in this case the total carotenoid
content (i.e., Wellburn, 1994). Alternatively, detailed carotenoid composition could be achieved by
liquid chromatography coupled to a diode array detector (HPLC-DAD) as detailed in Manzi et al.,
(2016). Carotenoid quantification should be performed accordingly to the method used.

Notes

Rates of growth may differ among citrus genotypes. To avoid unwanted effects on metabolism,
avoid excessive growing of roots which may lead to an early senescence. To this, you might adjust
the growing time of the plants accordingly (i.e., reducing the 3 week period under light conditions).
In order to obtain high levels of sample material a good option is increasing the number of individual
roots rather than extending the root growing period. Consider that 20 roots provide approximately
1.5-2.0 g of fresh tissue.

Recipes

1. Mix A
Dilute a mix of myo-inositol (100 mg L-1), pyridoxine-HCl (1.0 mg L-1), thiamine-HCl (0.2 mg L1

), nicotinic acid (0.5 mg L-1) and glycine (0.2 mg L-1) in distilled water

Aliquot in 1.5 ml Eppendorf tubes
Aliquots must be stored at -20 °C
Note: One of this Eppendorf (1.5 ml) is added for each 1.5 L of growing medium
2. Sodium hypochlorite solution (50.0%, v/v)
Mix equal parts of pure sodium hypochlorite (100%) and distilled MiliQ water
Tween® 20 wetting agent at 0.1% (v/v) is added to the final solution
This solution can be either stored or prepared in the moment
Note: The volume of solution to prepare depends on the number of seeds to disinfect. To avoid
any harmful effect of the hypochlorite, seeds must not be exposed to the disinfectant solution
for more than 10 min
3. NaOH (0.1 N)
Dissolve 40 g of NaOH in 1.0 L of distilled water to make a 1.0 N solution
This solution must be stored at 4 °C
At the time of preparation of 0.1 N solution, take 1.0 ml of 1.0 N NaOH solution and complete to
10 ml by adding 9.0 ml of distilled water
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Note: Add drop by drop of 0.1 N NaOH to adjust the pH of the germination medium. Usually,
only few drops are sufficient to achieve a pH = 5.7 ± 0.1 of 1.0 L of medium
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