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Abstract 

Quercus suber L., cork oak, is a forest tree of high social and economic value. The cork 

is traditionally used in the wine industry to produce bottle-stoppers, but it is also a very 

good material for both thermal and acoustic insulation in construction. Since its harvest 

does not harm the tree, the use of cork in the industry has a positive impact on the 

environment.  

 

Somatic embryogenesis is considered a feasible system for in vitro regeneration 

procedures, with many advantages in woody species. Classical genetic breeding 

programs have important limitations in forest trees, like cork oak, due to their long life 

span, and difficulties of seed conservation and vegetative reproduction. Therefore, 

somatic embryogenesis has a great potential for large-scale propagation and 

cryopreservation of elite genotypes, as well as for transformation strategies.  In the case 

of Q. suber, several in vitro propagation systems through somatic embryogenesis have 

been reported, with different efficiency rate.  

 

In the present chapter, updated information is reported about an efficient protocol for 

induction of somatic embryogenesis of Q. suber from immature zygotic embryos, as 

well as methods for proliferation and maturation of somatic embryos, germination, 

plantlet regeneration and acclimatization. 
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1.Introduction 

 

Quercus suber L., cork oak, is a forest tree of high social and economic value in 

southern Europe. The cork is a raw natural material traditionally used in the wine 

industry to produce bottle-stoppers. Moreover, since cork does not conduct either heat 

or sound well, it is a very good material for both thermal and acoustic insulation. Due to 

these properties, there is an increasing section of the cork market in which this material 



is employed to produce cork-based composite materials, with applications in 

construction and space industries. Another good property of cork is the fact that its 

harvest does not harm the tree, as the material is only separated from the trunk; 

therefore, the use of cork in the industry has a positive impact on the environment.  All 

these properties have made cork at present as a material with much greater potential, 

already employed in many industrial sectors, with new applications being developed, 

and with a positive impact on the environment.  

 

Somatic embryogenesis in vitro systems are very useful for biotechnological 

applications in plant breeding, propagation and conservation strategies [1,2]. Classical 

genetic breeding programs have important limitations in forest trees, like cork oak, due 

to their long life span, and difficulties of seed conservation and vegetative reproduction. 

Therefore, somatic embryogenesis has a great potential for large-scale propagation and 

cryopreservation of elite genotypes, as well as for transformation strategies. Induction 

of somatic embryogenesis has been reported in several Quercus species, like Quercus 

robur, Q. ilex, and Q. alba ([3-6]. In the case of Q. suber, several in vitro propagation 

systems through somatic embryogenesis have been reported, with different efficiency 

rate [7-9]. The effects on somatic embryogenesis efficiency of various culture 

conditions and medium components have been described [10,11], as well as changes in 

the proteome of cells during somatic embryogenesis of Q. suber [12,13]. Several studies 

on the cellular rearrangements and factors involved in the somatic embryogenesis 

induction and progression process have permitted to characterize the process at cellular 

level and to point out the relevance of epigenetic marks, like DNA methylation, pectins 

of cell wall, and endogenous phytohormones, especially auxin, in the induction and 

progression of in vitro embryogenesis of Q. suber [14-16]. 

 

In Q. suber, as in many other systems, somatic embryogenesis is a complex process, not 

completely understood yet, that begins with the induction process. After induction, 

some responsive cells of the explants are reprogrammed, acquire totipotency, follow the 

embryogenesis developmental pathway and produce embryos by direct somatic 

embryogenesis. In many in vitro systems, reprogrammed cells can also proliferate and 

originate masses of embryogenic cells that give rise to somatic embryos by indirect 

embryogenesis or continue proliferating and produce more embryogenic masses. 

Moreover, developing somatic embryos can in turn produce new embryos by recurrent 



secondary embryogenesis. This process permits the in vitro system to produce much 

more somatic embryos by cycling processes, and during longer time.  

 

In the present chapter, updated information is reported about an efficient protocol for 

induction of somatic embryogenesis of Q. suber from immature zygotic embryos, as 

well as methods for proliferation and maturation of somatic embryos, germination, 

plantlet regeneration and acclimatization. 

 

   

2. Materials 

 

2.1. Plant material 

 

1.Immature pollinated acorns were collected from Quercus suber L. (cork oak) trees 

every week during fruit development period (late August and September) from two 

selected trees in the E.T.S.I. de Montes (Universidad Politécnica de Madrid) and three 

selected trees from El Pardo, Madrid, Spain. 

 

2.Immature acorns selected at the appropriate developmental stage (Note 1) for somatic 

embryogenesis induction are kept at 4°C for one week before in vitro culture initiation. 

 

2.2. Laboratory Equipment 

 

1.- Laminar flow hood for plant in vitro culture. 

2.- Autoclave for sterilization. 

3.- pH meter. 

4.- General tissue culture laboratory equipments and tools: forceps, scalpels, magnetic 

stirrers, automatic pipettes, etc. 

5.- Sterile Petri dishes of 90 mm diameter. 

 

2.3.   Culture media mixtures 

 

1.- Micronutrients of MS medium [17] (Table 1) 



2.- Vitamins of MS medium [17] (Table 2) 

3.- Macronutrients of Sommer medium [18] (Table 3) 

 

 

3.Methods 

 

3.1.Culture media preparation 

 

1.Four solid culture media are prepared and used in the different steps of somatic 

embryogenesis: medium for induction, medium for proliferation, medium for 

maturation and medium for germination, with the composition detailed en Table 4.   

 

2.The pH of the media is adjusted to 5.6. Culture media are supplemented, as indicated 

in the Table 4, with the growth regulator 2,4-D, glutamine and agar (Note 2).  

 

3.After sterilization, medium is dispensed in Petri dishes and leave at room temperature 

to solidify. Plates are sealed with Parafilm and kept in sterile conditions until their use 

for in vitro culture. 

 

3.2.Explant excision and sterilization 

 

Immature zygotic embryos are carefully excised from the acorns by dissecting the 

surrounding tissues with the help of scalpel and forceps.  Immature zygotic embryos are 

sterilized by immersion in 70% ethanol for 30 s and in 2% sodium hypochlorite for 20 

min, followed by three rinses in sterile distilled water of 10 min each. 

 

3.3.Induction of somatic embryogenesis 

 

1.Immature zygotic embryos are first cultured in induction medium (Note 3), which 

contains 0.5mg/l 2,4-D (Table 4), for one month at 25°C and 16/8h light/darkness. 

During this induction period, cell reprogramming occurs in some responsive cells which 

initiate the embryogenesis pathway.  

 



2.By the fourth week of culture in induction medium, the responsive cells have 

reprogrammed, start to divide and give rise to clusters of proliferating cells that can 

originate embryogenic masses and small globular embryos, both types of structures 

appear at the surface of the explants, emerging from their interior. Embryogenic masses 

are rounded/nodular masses of cellular aggregates that arise from the explants after 

induction, as the first morphological sign of embryogenic response; they contain 

embryogenic cells that can give rise to somatic embryos by indirect embryogenesis or 

proliferate and produce more embryogenic masses. Globular embryos are small and 

rounded white structures with smooth surface, somatic embryos can be produced 

directly from reprogrammed cells of the explants (direct somatic embryogenesis) or 

from cells of the embryogenic masses (indirect somatic embryogenesis).   

 

3. Microscopic analysis reveals that embryogenic cells and early embryo cells show 

typical features of active proliferating cells, i.e. small cell size, medium-large nucleus, 

slightly dense cytoplasm and low vacuolation.  

 

3.4.Multiplication of somatic embryogenic cultures 

 

1.After one month in induction medium, immature zygotic embryos are transferred to 

proliferation medium (Table 4), with the same composition but growth regulator-free 

(without 2,4-D). During the next weeks of culture in the proliferation medium, 

embryogenic masses proliferate and protrude from different parts of the explants; they 

produce new embryogenic masses and embryos, which in turn give rise to new embryos 

by recurrent somatic embryogenesis (Note 4). 

 

2. To maintain the proliferation of the embryogenic masses, they are excised from 

explants and transferred to fresh proliferation medium every month. Monthly refreshed 

subcultures can be maintained in proliferation for several months, at 25°C and 16/8h 

light/darkness.  

 

3.Small embryos at globular, heart and torpedo stage, and embryogenic masses cultured 

in proliferation medium suffer recurrent somatic embryogenesis where new somatic 

embryos and embryogenic masses are originated from previously existing somatic 

embryos (Note 5).  



 

3.Some of these embryos stop recurrent embryogenesis, continue their development and  

differentiate as individual immature cotyledonary embryos which are translucent and 2-

3 mm long, with two small cotyledons and an embryogenic axis. 

 

3.5.Maturation of somatic embryos 

 

1.Well-shaped immature cotyledonary embryos from plates of the proliferation medium 

are  separated and cultured on maturation medium which has a basal composition 

(growth regulator-free) plus 1% activated charcoal (Table 4).  

 

2.Immature cotyledonary embryos are cultured for a period of 4 weeks at 25°C in 

darkness. During this period, embryos accumulate reserve nutrient substances in 

cotyledons and increase their weight, giving rise to mature somatic embryos.  Mature 

somatic embryos are larger (more than 8 mm length), opaque ivory-colored, with well-

formed large cotyledons, embryogenic axis and hypocotyl. 

 

3.6.Germination of somatic embryos and conversion to plantlets 

 

1.Prior to transfer to germination medium, as a pre-treatment, mature embryos are 

incubated during to 2 months at 4°C, in maturation medium. 

 

2.For germination, mature somatic embryos are transferred to Petri dishes with 

germination medium which has less sucrose and higher agar concentrations than the 

maturation medium, and  contains the growth regulators 6-benzylaminopurine, BA, and 

indole-3-butyric acid, IBA (Table 4) (Note 6)  

 

2.Somatic embryos are maintained in Petri dishes with germinating medium at 25°C and 

16h light conditions for several weeks. During this period, embryos start to germinate, 

develop radicle and turn the colour of cotyledons to green.  

 

3.When embryos exhibit a well developed radicle and green cotyledons, they are 

transferred individually to a glass culture vessel with germinating medium under the 



same culture conditions, where they have better conditions and more space for further 

growth.  

 

3.7. Hardening and acclimatization  

 

1. Germinating somatic embryos are cultured for 6-8 weeks in vessels where they 

develop true leaves and a more complex root system, with small lateral roots, and give 

rise to plantlets that growth during this period. 

 

2.In vitro-rooted plantlets are carefully extracted from vessels, washed to remove the 

agar and then cultured ex-vitro for hardening and acclimatization. They are first 

transferred to trays with a sterile potting mix of peat:vermiculite, 3:1; trays are covered 

with a transparent cover to maintain a high humidity environment, and maintained in a 

growth chamber with controlled temperature and photoperiod (25°C and 16h light).  

 

3.Finally, plants are transferred to pots with the same peat:vermiculite mix and put in 

the greenhouse.  

 

 

4. Notes 

 

1. The immature acorns that are most appropriate/responsive to somatic 

embryogenesis induction are those with small size, around 1 cm diameter, and 

green colour; they contain immature zygotic embryos at the early cotyledonary 

stage.  

 

2. The pH of the media is adjusted to 5.6 with NaOH prior to adding the 

solidifying agent (agar). Growth regulators and agar are added before 

autoclaving, and after that, glutamine is added by filter–sterilization, using filters 

of 0.22µm.  

 

3. Induction medium is dispensed in 90 mm Petri dishes (around 25 ml per dish), 

and 5 immature zygotic embryos (previously sterilized) are place per Petri dish. 



 

4. Since development is asynchronous and recurrent secondary embryogenesis can 

happen any time in each individual embryo, plates of proliferation medium 

usually exhibit a wide repertoire of embryogenic masses of different sizes and 

somatic embryos at various developmental stages, from early globular, torpedo 

till immature cotyledonary embryos.   

 

5. Somatic embryogenesis cultures in the proliferation medium maintain their 

embryogenic capacity for many months and are used as a continuous source of 

new somatic embryos. 

 

6. To promote germination, partial desiccation of mature embryos can be 

performed prior to transfer to germination medium, although it can be achieved 

without this pretreatment. 
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Table 1: Micronutrients of MS medium 

Component Stock solution 

concentration (g/l) 

Volume of stock for 

1 liter of medium 

Final concentration 

in medium (mg/l) 

FeSO4·7H2O 2.78 10 ml 27.8 

Na2EDTA 3.75 10 ml 37.5 

H3BO3 0.62 10 ml 6.2 

MnSO4·H2O 1.69 10 ml 16.9 

ZnSO4·7H2O 0.86 10 ml 8.6 

KI 0.083 10 ml 0.83 

Na2MoO4·2H2O 0.025 10 ml 0.25 

CuSO4·4H2O 0.0625 10 ml 0.625 

CoCl2·6H2O 0.6025 10 ml 6.025 

Table 2: Vitamins and aminoacids of MS medium 

Component Stock solution 

concentration (g/l) 

Volume of stock for 

1 liter of medium 

Final concentration 

in medium (mg/l) 

Glycine 0.2 10 ml 2.0 

Myoinositol 10 10 ml 100 

Nicotinic acid 0.5  10 ml 5.0    

Pyridoxine-HCl 0.5   10 ml 5.0   

Thiamine-HCl 0.1   10 ml 1.0   

Ascorbic acid 0.2 10 ml 2.0 

Table 3: Macronutrients of Sommer medium 

Component Stock solution 

concentration (g/l) 

Volume of stock for 

1 liter of medium 

Final concentration 

in medium (mg/l) 

KNO3 100 10 ml 1000 

NaH2PO4·2H2O 12.95 10 ml 129.5 

MgSO4·7H2O 25 10 ml 250 

SO4(NH4)2 20 10 ml 200 

KCl 30 10 ml 300 

CaCl2·2H2O 15 10 ml 150 

 Table 4: Composition of media for somatic embryogenesis of Quercus suber L. 

Induction medium Proliferation medium Maturation medium Germination 

medium 

2,4-D (0.5 mg/l)  Act. charcoal (10g/l) BA (50mg/l) 

Glutamine (0.5g/l) Glutamine (0.5g/l) Glutamine (0.5g/l) IBA (0.1mg/l) 

Sucrose (30g/l) Sucrose (30g/l) Sucrose (30g/l) Sucrose (15g/l) 

Agar (8g/l) Agar (8g/l) Agar (8g/l) Agar (10g/l) 

Sommer Macronutrients 

MS Micronutrients 

MS vitamins and aminoacids 

pH5.6 
 



Figure legends 

 

Figure 1: Main stages of somatic embryogenesis of Quercus suber.  

A) Immature zygotic embryo, at the beginning of the culture. B) Induction of somatic 

embryogenesis: embryogenic masses and early embryos emerge from the explants 

surface (arrows). C) Early torpedo embryo (lateral view) formed by direct 

embryogenesis and emerging from the explants. D) Proliferation period: clumps of 

embryogenic masses of different sizes and groups of embryos of various developmental 

stages showing recurrent embryogenesis. E) Immature cotyledonary embryo formed 

during the proliferation period. F) Mature cotyledonary embryo. G) Plantlet regenerated 

in vitro after germination of a mature somatic embryo. H) Acclimatization ex-vitro of a 

plant regenerated from somatic embryogenesis.  Bars in A, B, C: 1mm; in D, E, F: 

2mm. 

 

Figure 2: Cellular organization during induction and progression of somatic 

embryogenesis of Quercus suber.  

Samples of somatic embryogenesis cultures at different stages after fixation and 

Technovit resin embedding, for microscopy analysis.  Micrographs of semithin sections 

stained by toluidine blue and observed in a light microscope under bright field. A) 

Rounded masses of embryogenic cells (arrows) emerging from the surface of the 

explants. B) High magnification of embryogenic cells showing characteristic features. 

C) Globular embryo. D) Initiation of secondary embryogenesis by formation of a new 

protrusion of embryogenic cells from somatic embryos. E) Developing heart-shaped 

embryo. Bars in A, B: 50 µm, in C: 100 µm, in D, E: 200µm. 
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