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Abstract The endangered Chilean tree Gomortega keule

(Mol.) Baillon produces edible fruit, making it a potential

crop. However, its cultivation from seed or cuttings is

extremely difficult. This paper reports the induction of

somatic embryogenesis and the initiation of liquid cultures

in this species. Callus was induced from zygotic embryos

and field-collected shoots. Somatic embryogenesis on

zygotic embryos occurred at a low frequency. Induction of

somatic embryogenesis was accomplished on micropropa-

gated shoots after 6.5 months on semi-solid Murashige and

Skoog (MS) medium with 30 g/l sucrose, 1.0 mg/l 2,4-

dichlorophenoxyacetic acid and 1.0 mg/l 6-(c,c-dim-

ethylallylamino) purine (2iP). Liquid cultures of compact

callus and small aggregates were obtained and showed

optimum proliferation in MS medium with 20 g/l sucrose,

0.01 mg/l a-naphthaleneacetic acid and 0.1 mg/l 2iP. The

proliferation of friable embryogenic callus was observed in

liquid medium and will allow the propagation of selected

genotypes of this tree on a large scale. Genetic variation in

two embryogenic genotypes cultured in vitro was not

detected in an assessment using microsatellites; this

approach is suitable for tracing genotypes.

Keywords Callus � In vitro culture � Plant growth

regulators � Gomortegaceae � Laurales

Abbreviations

2,4-D 2,4-Dichlorophenoxyacetic acid

2iP 6-(c,c-Dimethylallylamino) purine

AC Activated charcoal

BA 6-Benzyladenine

GA3 Gibberellic acid

FDA Fluorescein diacetate

MS Murashige and Skoog (1962) medium

NAA a-Naphthaleneacetic acid

PGRs Plant growth regulators

PVP Polyvinylpyrrolidone

SE Somatic embryogenesis

WP Woody plant medium (Lloyd and McCown 1981)

Introduction

The evergreen tree Gomortega keule (Mol.) Baillon

belongs to the monotypic family Gomortegaceae and is

endemic to a small area near the coast of central-south

Chile (Muñoz 1986; Rodrı́guez and Quezada 2001; He-

chenleitner et al. 2005), within one of the 25 biodiversity

hot spots with urgent priority for conservation on a global

scale (Myers et al. 2000). The species is considered

endangered (Walter and Gillett 1998), with recommenda-

tion for the initiation of ex situ conservation programmes

(Le Quesne and Stark 2006). The edible fruits of G. keule

have been used since the mid-sixteenth century (Torrejón

and Cisternas 2003), while its wood is of excellent quality

(Rodrı́guez et al. 1983). The tree also has possible

medicinal properties (Albert 1924). Despite its potential, G.

keule has not been cultivated, possibly because its propa-

gation from seed and cuttings is extremely difficult. Even
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the conditions for establishment from seed in habitat are

not understood. Consequently, there is extreme urgency to

multiply G. keule in order to re-establish plants in habitat

and to provide adequate material for eventual introduction

of this species as a commercial crop in Chile, or other areas

with a Mediterranean-type climate.

In vitro approaches have been explored in attempts

to obtain shoot proliferation (Calderón-Baltierra et al.

1993; Jordan et al. 2005). Recently, success has been

achieved in regenerating shoots from explants of

zygotic embryos via organogenesis (Muñoz-Concha and

Davey 2011). Somatic embryogenesis (SE) is also a

principal route for micropropagation, with the potential

to maximize, in a short time, the number of genetically

uniform plants, because organized meristems from

which the somatic embryos arise are generally consid-

ered highly stable (Rani and Raina 2000). Propagation

by SE has been developed for Aralia elata (Dai et al.

2011) and Desmodium motorium (Devi and Narmatha-

bai 2011), this pathway of plant regeneration also being

important in Olea europaea because of its recalcitrance

to regeneration in vitro (Capelo et al. 2010; Cerezo

et al. 2011). In addition, embryogenic cultures are

excellent material for cryopreservation of some woody

species (Wilhelm 2000; Efendi and Litz 2003; Krishna

and Singh 2007; Gonzalez-Arnao et al. 2008), and have

been used for genetic transformation of woody plants

(Gómez-Lim and Litz 2004; Krishna and Singh 2007;

Kumar et al. 2006).

As somatic embryos can be induced in liquid cultures,

the latter are attractive to mass propagate material using

bioreactors (Yoeup and Chakrabarty 2003). In Colocasia

esculenta, an efficient protocol was developed by Deo

et al. (2010) for plant regeneration from SE cultures in

liquid medium. Liquid cultures are also the preferred

material with which to study the biosynthesis of second-

ary metabolites under controlled conditions (Zhou and

Wu 2006). This may be applicable in realizing the

potential medicinal properties of G. keule. Since so-

maclonal variation may occur during cell culture, it is

essential to assess the genetic fidelity of regenerated

plants. DNA microsatellite markers have been employed

already to study somaclonal variation in trees such as

Olea spp. (Lopes et al. 2009), Picea abies (Harvengt et al.

2001), Pinus pinaster (Marum et al. 2009) and Quercus

suber (Santos et al. 2007).

The present work evaluated the use of different explants

for the induction of SE in G. keule and the use of liquid

media of different formulations, especially in relation to

plant growth regulators (PGRs). The genetic fidelity of

embryogenic cultures was assessed using DNA microsat-

ellite markers, and their potential confirmed for genotype

tracing in tissue culture-derived material.

Materials and methods

Plant material

Plant material (fruits, shoots) was collected from the

national protected area ‘Reserva Nacional Los Queules’

(Corporación Nacional Forestal, 500 m above sea level;

genotype B3-2853) and from ‘Predio Ralbún’ (Forestal

Celco S.A., 540 m above sea level; genotypes S3-104, S3-

112, S3-172, S4-A3 and S5-230) in the Region of Maule,

Chile.

Callus induction

Zygotic embryos were excised from seeds and surface-

sterilized by immersion in 4% (v/v) Domestos� bleach

solution (Johnson Diversey Ltd., Northampton, UK) for

10 min, followed by thorough washing with autoclaved,

reverse osmosis water. The concentration of Domestos�

was increased to 10% (v/v) for 60 min for shoots.

Zygotic embryos and shoots were cultured on medium

prepared by dissolving Woody Plant Medium (WP; Lloyd

and McCown 1981) or Murashige and Skoog (1962)

medium (MS) salts (Duchefa) in reverse osmosis water

with the addition of 20 g/l sucrose. The pH was adjusted to

5.7 before addition of 8 g/l agar (Sigma-Aldrich A7002)

and autoclaving (20 min, 121�C, 1.03 kg/cm2). Filter-

sterilized solutions of a-naphthaleneacetic acid (NAA) and

6-benzyladenine (BA) were added when the medium was

\60�C. Medium (30 ml aliquots) was poured into auto-

claved 175 ml screw-capped Powder-Round glass jars

(Beatson Clark and Co. Ltd., Rotherham, UK). Cultures

were incubated at 25�C with a 16 h photoperiod (‘‘Day-

light’’ fluorescent tubes; 60 lmol/m2/s).

Induction of SE

Zygoticembryoswereculturedwithilluminationorinthedark,

with 2,4-dichlorophenoxyacetic acid (2,4-D; 0.1–1 mg/l) or

NAA (0.01 mg/l) and 0.1 mg/l 6-(c,c-dimethylallylamino)

purine(2iP)or1.0 mg/lBA,andwith0–2 g/lactivatedcharcoal

(AC).

In order to evaluate the proliferation and development of

somatic embryos, material was used from genotypes S3-

172 and S3-112, considering a genotype as all the cultured

material derived from a single individual (zygotic embryo

or tree). Embryogenic friable callus of genotype S3-172

was placed on semi-solid MS medium (8 g/l agar) at 18

and 25�C, with 0–10 g/l of polyvinylpyrrolidone (PVP)

molecular weight 360,000 and 0.1 mg/l gibberellic acid

(GA3), 0.01 mg/l NAA and 1.0 mg/l BA. Cultures were

evaluated after 40 days. Additionally, compact callus of

genotype S3-112 was placed on semi-solid MS medium
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with 0.01 mg/l NAA, 1.0 mg/l BA and 0–0.1 mg/l GA3.

The response was evaluated after 3 months of culture.

SE induction was evaluated on 10 mm shoot-tips of

genotypes S3-104 and S4-A3 obtained in previous exper-

iments by the authors from zygotic embryos cultured on

semi-solid WP medium with 0.1 mg/l NAA and 1.0 mg/l

BA. For induction of SE, shoot-tips were incubated on

semi-solid MS medium with combinations of 0.1–1.0 mg/l

2,4-D and 0.1–1.0 mg/l 2iP for 6.5 months.

Cultures in liquid media

Callus obtained from 32 zygotic embryos and from buds of

10 wild trees cultured on semi-solid media, was incubated in

liquid MS or WP media, with the auxins indole-3-acetic acid,

indole-3-butyric acid, NAA and 2,4-D at 0.0–2.0 mg/l, the

cytokinins BA and 2iP at 0.1–2.0 mg/l, 0.0–0.1 mg/l GA3,

20–30 g/l sucrose and 10 g/l PVP. Three replicates (250 ml

Erlenmeyer flasks; 80 ml aliquots of medium) were incu-

bated on an orbital shaker at 80 rpm, at 25�C with a 16 h

photoperiod and a light intensity of 20 lmol/m2/s.

The growth of compact callus in liquid media was eval-

uated by inoculating 2 g of callus (genotypes S3-172 and S3-

112) into 80 ml of MS or WP-based medium supplemented

with 0–0.1 mg/l auxins (NAA, 2,4-D), 0–5.0 mg/l 2iP,

20–30 g/l sucrose and 0–10 g/l PVP. Six replicates (250 ml

flasks) were maintained under the same conditions as for the

initiation of cultures, or in the dark, the media being changed

every 14 days. The increase in fresh weight (percentage of

initial weight) was measured. When cultures consisted of

small embryogenic aggregates (genotype S3-112), 50% of

the medium was changed every 7 days. Increase in tissue

volume of these small aggregates was evaluated using

250 ml Erlenmeyer flasks with graduated side arms (8 rep-

licates). The viability of cells in liquid medium was observed

by staining with fluorescein diacetate (FDA) and ultra-violet

microscopy (Saunders et al. 1986).

Statistical procedures included ANOVA or t tests when

homogeneous variances and normal distribution were

present. Mann-Whitney test and Chi-square test were also

employed using the software Minitab 15.1� 2006 and

GenStat 11� 2008.

Genetic study using microsatellites

DNA was extracted from 1.5 year-old cultures (embryo-

genic callus) of genotypes S3-112 and S3-172. For each

genotype, DNA extraction from 10 samples of independent

source material followed the method of Lander et al.

(2007). Forward primers for 9 microsatellite loci (Lander

et al. 2007; Muñoz-Concha 2010), were labelled with a

blue, green or black fluorescent dye (WellRED Primers;

Sigma). Polymerase chain reactions (20 ll reaction

volume) were performed using 2 ll template DNA (10 ng/

ll), 2 ll buffer (Standard Taq Reaction Buffer, New

England Biolabs), 0.2 ll dNTP (10 mM, Sigma), 0.05 ll

acetylated bovine serum albumin (10 lg/ll), 0.02 ll

(100 lM) of each forward and reverse primers, 15 ll pure

autoclaved H2O and 0.2 ll Taq polymerase (GoTaq� Flexi

DNA Polymerase; Promega). The reaction conditions were

94�C for 3 min, 30 cycles of 94�C 1 min, 1 min at the

specific annealing temperature of each primer, followed by

72�C 1 min, and a final extension at 72�C for 20 min. The

annealing temperatures were 60.9 (Gk-1), 55.4 (Gk-6),

65.0 (Gk-30, Gk-31 and Gk-35), 56.8 (Gk-39) and 52.7�C

(CS2 and CS8). Fragment size determination for the

amplified products was performed by capillary electro-

phoresis in a CEQ 8000 Genetic Analysis System (Beck-

man Coulter, Fullerton, USA). The presence of alleles for

all samples were compared within each embryogenic

genotype.

Results

Induction of callus

Callus developed from the hypocotyls of zygotic embryos

when these were cultured on semi-solid MS-based medium.

Generally, the growth of callus was not sustained for more

than 2–3 months, except callus that developed and which

showed constant proliferation from three zygotic embryos

(genotypes S3-112, S3-172 and S5-230) and from a bud of a

field-collected shoot (genotype B3-2853). Callus of geno-

type S3-112 developed on semi-solid MS medium with

0.01 mg/l NAA, 1.0 mg/l BA and 0.1 mg/l GA3. Medium

used for genotype S3-172 was also MS with 0.01 mg/l NAA,

1.0 mg/l BA and 0.5 mg/l GA3, while for genotype S5-230

incubation was in the dark on MS medium with 0.1 mg/l 2iP

and 0.01 mg/l NAA. Callus of genotype B3-2853 was ini-

tiated on semi-solid WP medium with 0.1 mg/l NAA,

1.0 mg/l BA and 0.5 mg/l GA3. Although callus induction

occurred on both MS and WP media, MS-based medium

induced a more frequent response.

Induction of somatic embryos on semi-solid medium

Of ca. 560 embryos cultured, SE on zygotic embryos of

genotypes S3-172 and S5-230 occurred at the very limited

rate of 0.35% of the embryos with no observable influence

of the type or concentration of PGRs and the presence of

light and AC. Direct SE was observed on the radicle

(genotype S3-172) after 96 days of culture (Fig. 1a). A

zygotic embryo (genotype S5-230) produced embryogenic

callus, as well as somatic embryos, from its radicle after

7 months of culture.
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Proliferation of friable embryogenic callus in genotype

S3-112 was observed on semi-solid MS medium with

0.01 mg/l NAA and 1.0 mg/l BA (Fig. 1b); generally

embryos had morphological abnormalities. In genotype S3-

172, cultures at 18 or 25�C and in the presence (10 g/l) or

absence of PVP and PGRs (0.1 mg/l GA3, 0.01 mg/l NAA

and 1.0 mg/l BA) exhibited growth of embryogenic friable

callus and chlorophyll production regardless of the tem-

perature or the concentration of PVP. In some cases, callus

became necrotic, this necrosis being more frequent at 25�C

on medium without PGRs (Chi square test, P = 0.0417),

and at 18�C on medium lacking PVP (Chi square test,

P = 0.003). Recurrent proliferation of somatic embryos of

genotype S3-172 was observed on non-differentiated tis-

sue, as well as the production of friable white embryogenic

callus on the same medium for more than 12 months with

subculture every 4–8 weeks.

Compact callus of genotype S3-112 developed somatic

embryos after 74 days of culture on semi-solid MS medium

with 0.01 mg/l NAA, 1.0 mg/l BA and 10 g/l PVP. GA3

was not essential to induce SE. However, this response was

variable, since in independent experiments, some compact

callus of genotype S3-112 failed to develop somatic

embryos under the same conditions (with GA3). However,

it did exhibit SE in the absence of GA3.

Maturation of somatic embryos was observed in geno-

type S3-172, somatic embryos having a radicle and coty-

ledons, the latter containing chlorophyll when somatic

embryos were [5 mm in length (Fig. 1c). Although the

cotyledons were often abnormal in morphology, the

development of shoots followed the transfer of somatic

embryos to semi-solid WP medium with 0.1 mg/l NAA,

1.0 mg/l BA and 0.5 mg/l GA3. Rooting of mature

embryos of genotype S3-172 occurred after 6 months on

WP medium containing 2 g/l AC, but lacking PGRs, with

subsequent transfer of somatic embryo-derived plants to

the glasshouse. Similarly, somatic embryos of genotype

S5-230 rooted after 2 months on WP medium with 2 g/l

AC without PGRs.

Somatic embryos developed when shoot-tips of genotype

S4-A3 where cultured on semi-solid MS medium with 2,4-D

(0.1–1.0 mg/l) and 2iP (0.1–1.0 mg/l) for 196 days (Fig. 1d).

Only compact yellow callus was observed on shoot-tips of

genotype S3-104 cultured under the same conditions. No

significant differences were found (Chi-square tests) in the

initiation of SE in response to 2,4-D and 2iP over the con-

centration ranges tested of these growth regulators.

Initiation of liquid cultures and embryogenic cell

suspensions

Experiments to establish liquid cultures involved material

derived from 32 zygotic embryos and buds from shoots of

10 individual trees in habitat. Different concentrations of

2,4-D, AC and PVP had no influence on the initiation of

cultures in liquid media. Tissues from only 3 genotypes

Fig. 1 Callus cultures in liquid media and somatic embryos of

Gomortega keule. a Direct somatic embryogenesis on a zygotic

embryo cultured on semi-solid MS medium with 0.01 mg/l NAA and

1.0 mg/l BA, of genotype S3-172. b Embryogenic friable callus of

genotype S3-112 cultured as in a. c Conversion of a somatic embryo

to a shoot of genotype S3-172. d Somatic embryos developed on

shoots of genotype S4-A3 cultured on MS medium with 0.1 mg/l 2,4-

D and 0.1 mg/l 2iP for 196 d. e Compact callus of genotype S3-112

cultured in MS liquid medium with 0.01 mg/l NAA and 0.1 mg/l 2iP.

f A small aggregate of living cells of genotype S3-112 cultured as in

e, and observed with bright field illumination. Bars 1 mm (a, b, c, e),

0.3 mm (d) and 20 lm (f)
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(S3-112, S3-172 and B3-2853) proliferated in culture.

Zygotic embryos died when extracted from seeds and

incubated immediately in liquid medium.

Callus from genotype S3-112 proliferated for more than

19 months in liquid MS medium, growing as both compact,

nodular aggregates (Fig. 1e) and smaller clusters of cells

(Fig. 1f). Sucrose at 20 g/l in MS medium induced more

growth than sucrose at 30 g/l (t test, P = 0.024). Tissue

growth was similar in both liquid WP and MS-based media

with or without PVP when assessed after 42 days of cul-

ture. Growth was influenced by NAA concentration after

14 days of culture with two concentrations of 2iP (0.1,

1.0 mg/l) and NAA (0.01, 0.1 mg/l; two-way ANOVA,

P = 0.008 for NAA). In other experiments, involving

combinations of NAA (0, 0.01 mg/l) and 2iP (0, 0.1 mg/l)

(n = 5 or 6), there was a significant effect of 2iP

(P \ 0.001) after 44 days of culture (two-way ANOVA).

In agreement with this, in independent experiments, con-

centrations of 2iP from 0.1 to 5.0 mg/l influenced the

growth of liquid cultures (ANOVA, P \ 0.001) with the

greatest growth at the minimum concentration (Fig. 2a).

Tissue growth was affected by 2,4-D and 2iP concentration

(ANOVA, P \ 0.001); 0.1 mg/l 2,4-D and 0.1 mg/l 2iP

reduced growth. Liquid MS medium with 0.01 mg/l NAA

and 0.1 mg/l 2iP was optimum, allowing sustained prolif-

eration of small aggregates.

Proliferation of compact tissue in liquid medium was

observed when somatic embryos of genotype S3-172,

induced on semi-solid medium, were transferred to liquid

medium. The calli showed constant proliferation in liquid

medium over more than 12 months, and a very similar

morphology to those of genotype S3-112, but without the

production of small aggregates. Small aggregates origi-

nated from compact callus of genotype S3-112, also pro-

liferated during more than 18 months in MS liquid medium

with 0.01 mg/l NAA and 0.1 mg/l 2iP; tissue volume in the

culture increased at a rate of 0.1 ml/day (Fig. 2b).

Small aggregates were also obtained from callus that

originated from a bud of a field-collected shoot of the

genotype B3-2853. Tissue proliferation became stable after

18 months in MS liquid medium with 0.01 mg/l NAA and

0.1 mg/l 2iP, the cells being highly vacuolated, irregular

and elongate in shape.

Genetic study of embryogenic cultures

Ten samples, each one from independent cultures, assessed

for genotypes S3-112 and S3-172, showed the presence of

the same microsatellite alleles. This full matching of the

genetic profile amongst the samples of each genotype

confirmed the genetic identity for all the samples within

each group of in vitro material (Table 1; Fig. 3).

Discussion

Callus development was influenced more by the plant

genotype rather than the culture conditions. In agreement

Fig. 2 Growth of callus of Gomortega keule genotype S3-112 in

liquid medium. a Fresh weight increment (%) of compact callus at

different concentrations of 2iP. b Volume increment (ml) of small

aggregates over time

Table 1 Alleles (fragment size in bp) detected by microsatellites in

two embryogenic genotypes of Gomortega keule

Microsatellite locus Genotype S3-172 Genotype S3-112

Gk-6-1 98 98, 108

Gk-6-2 114 104, 120

Gk-30 182, 190 188

Gk-39 133, 201 133

Gk-35 226 224, 228

Gk-31 226 226, 228

Gk-1 224 226, 240

CS2 104 104

CS8 218 214
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with previous work, MS-medium was preferable for callus

development (Muñoz-Concha 2010).

Spontaneous SE observed directly on zygotic embryos

of G. keule cultured on semi-solid medium occurred at low

frequency and gave the best embryogenic material in terms

of proliferation. SE has also been reported in cultured

mature zygotic embryos of the endangered tree Ocotea

catharinensis (Moura-Costa et al. 1993), of the medicinal

tree Murraya koenigii (Paul et al. 2011) and of the vine

Passiflora edulis (Pinto et al. 2011). Although somatic

embryos of G. keule had morphological abnormalities,

such abnormal development is not uncommon in woody

species (Yoeup and Chakrabarty 2003). The optimum

conditions for somatic embryo development were on semi-

solid MS-based medium.

SE was observed after prolonged exposure (6.5 months)

of micropropagated shoot-tips to 2,4-D. An induction

period of exposure to 2,4-D for 7 days did not induce SE.

Thus, the induction of SE on shoot-tips of G. keule, may

require the permanent presence of both 2,4-D and 2iP in

the culture medium. Further research is needed to improve

induction conditions, especially using shoot-tips of selected

genotypes.

SE in the present experiments was restricted to five

genotypes of G. keule, using zygotic embryos and shoot-

tips as source material. SE is known to be highly dependent

on genotype and species (Kumar et al. 2006; Pollastri 2008;

Samson et al. 2006; Singh et al. 2003), which was the case

for G. keule. Nevertheless, SE in G. keule represents a base

for further work on mass propagation and longer term

maintenance by cryopreservation. More reproducible

induction of SE from shoot-tips and importantly, on

material derived from adult elite trees, along with the

maturation and conversion of somatic embryos to plants,

are future priority research targets.

Cells cultured in suspension were generally highly

vacuolated, and elongated or irregularly shaped, which are

typical characteristics of non-embryogenic cells (Jayasan-

kar et al. 1999). The fact that only 3 of the 42 genotypes

assessed proliferated consistently, supports the notion that

only a restricted number of genotypes of G. keule can be

established in liquid medium.

Fig. 3 Representative capillary electrophoresis profiles in 4 samples of two embryogenic genotypes of Gomortega keule at 3 microsatellite loci
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Compact callus masses ([5 mm) cultured in liquid

medium exhibited browning and limited production of light

coloured actively growing new tissues. Such tissues needed

to be dissected into smaller pieces at sub-culture to re-

activate the cultures. A similar situation was reported in

cultures of the tree Eucommia ulmoides by Miyanaga et al.

(2004). Proliferation of embryogenic tissues was optimum

in liquid medium, with the fragmentation by cutting of

compact callus and subsequent transfer to new medium of

the smaller aggregates being essential. This procedure,

although time-consuming, stimulated the production of

totipotent tissues.

Callus derived from a bud of a field-collected shoot

proliferated in liquid medium, and produced small cell

aggregates after 18 months of culture. However, cells

showed typical non-embryogenic characteristics when

examined microscopically. Although the aggregates grew

on semi-solid medium, organogenesis was not observed.

This example in the present work represented the only

sustained proliferation of tissues from field-collected

shoots. Consequently, future experiments to induce SE in

G. keule, should focus on the use of zygotic embryos as the

starting material.

Embryogenic cultures of G. keule in liquid medium may

facilitate the development of methods for mass propaga-

tion. This approach may enable plants to be regenerated

from field-collected material for establishment in the field

for conservation and commercial purposes. Liquid cultures

of embryogenic tissues have been developed for the

endangered medicinal woody plant Eleutherococcus sen-

ticosus (Choi et al. 2002) and this route may also constitute

the best approach for G. keule. Additionally, cultures in

liquid medium may be relevant for secondary metabolite

production in G. keule, as it has been explored for the

medicinal tree Eucommia ulmoides (Miyanaga et al. 2004),

and given the possible medicinal uses of G. keule (Albert

1924).

Genetic differences were not detected with microsatel-

lites among the samples within each of the two clones

studied, suggesting that in G. keule there is no genetic

variation or mutation detectable by microsatellites fol-

lowing culture involving SE. These markers are suitable for

tracing clonal lines and could prove important in longer-

term quality control of micropropagated material of G.

keule. However, low levels of somaclonal variation are

unlikely to be detected by microsatellites. Similar findings

have been reported using microsatellites to assess genetic

variation in plant material derived from embryogenic cul-

tures, where no genetic variation was found in trees

including Olea spp. (Lopes et al. 2009), Picea abies

(Harvengt et al. 2001) or Quercus suber (Santos et al.

2007). In contrast, using microsatellites in plants regener-

ated from SE, Marum et al. (2009) observed around 10%

genetic variation in Pinus pinaster, and Prado et al. (2010)

obtained 10 mutant plants (32%) in one of the 6 cultivars of

Vitis vinifera that they studied.

Conclusions

Overall, these results demonstrate that the response of G.

keule in culture is extremely dependent upon source

material, necessitating extensive screening of germplasm in

order to recognise responsive genotypes. Nevertheless,

micropropagation of G. keule is now possible through SE

and with the use of liquid cultures, providing an additional

pathway to organogenesis. Although at present SE is more

complex, labour-intensive and results in less regenerated

plants than organogenesis, SE represents an important

potential pathway for the multiplication of adult trees of

this endangered species, since the regeneration of plants by

organogenesis has been achieved only from zygotic

embryos as source material.
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