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Abstract Micropropagated plants from two wild-olive

species, Olea maderensis and O. europaea ssp. europaea

var. sylvestris were screened for genetic stability.

O. maderensis shoots were elongated/multiplied on OMG

medium with zeatin (9.12 lM), and rooted on 1/2 OMG

with NAA (3.22 lM). O. europaea var. sylvestris shoots

were elongated/multiplied on OM medium with zeatin, and

rooting was optimal after a hormonal shock (IBA 100 lM)

followed by transfer to the same medium without growth

regulators. In both species, acclimatization was successful

and plants looked normal and morphologically identical to

the donor field trees. Genetic variability was assessed at

several stages of the micropropagation process using flow

cytometry (FCM) and nuclear microsatellites (SSR). No

changes in ploidy level were found among micropropagated

plants, though small deviations, putatively due to the neg-

ative effects of cytosolic compounds on propidium iodide

staining, between these and field plants were observed. In

SSRs analyses, ten SSR markers were able to distinguish

between genotypes. No mutations were found in these

tested SSR loci among the donor tree and micropropagated

plants, suggesting, for the tested markers, genetic unifor-

mity throughout the process. The FCM and SSR results

obtained do not exclude the occurrence of other changes in

the nuclear genome but, considering the morphological

stability of micropropagated plants, indicate that both pro-

tocols are suitable and efficient for large scale, true-to-type

micropropagation of these two wild olive species.

Keywords In vitro culture � Olea sp. � Ploidy level �
Somaclonal variation � SSR

Abbreviations

AFLP Amplified fragment length polymorphism

FCM Flow cytometry

IBA Indole butyric acid

ISSRs Intersimple sequence repeat

MS Murashige and Skoog medium

NAA a-Naphthalene acetic acid

OM Olive medium

OMG Modified olive medium

PI Propidium iodide

RAPD Random amplification of polymorphic DNA

RH Relative humidity

SSR(s) Simple sequence repeat(s)

WH Without hormones

WPM McCown woody plant medium

Introduction

The genus Olea includes approx. 40 extant taxa. The olive

tree (Olea europaea L.) is well spread along the
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Mediterranean coast, comprising economically important

cultivars and wild genotypes. In general, the olive trees

have a wide range of adaptability, tolerating drought, poor

soils and hot climates (Zacchini and De Agazio 2004).

Olea maderensis (Lowe) Rivas Mart. and Del Arco is an

endemic and endangered species of the Madeira Archi-

pelago (Macaronesia). Its few surviving individuals occur

on nutrient-deficient rocky ground under semi-arid condi-

tions (mostly in Porto Santo Island). In an attempt to fight

the desertification process threatening Porto Santo Island,

in the early twentieth century, trees of O. europaea L. ssp.

europaea var. sylvestris Brot. (from now on referred as

O. var. sylvestris) were introduced in some slopes of the

Island (Brito et al. 2008) and represent nowadays, together

with O. maderensis, interesting material for germplasm

preservation. These two species present several morpho-

logical differences, and recently, O. maderensis was found

to be tetraploid (2n = 4x = 92, nuclear DNA content =

5.97 pg/2C), while O. var. sylvestris is diploid (2n =

2x = 46, nuclear DNA content = 3.19 pg/2C) (Loureiro

et al. 2007b; Brito et al. 2008).

The propagation of these species by traditional methods

(e.g. own-rooted cuttings) has been rather inefficient and,

as in other endangered or economically important species

(e.g. Pinto et al. 2002; Zacchini and De Agazio 2004), in

vitro programmes are convenient strategies for germplasm

conservation. O. europaea commercial cultivars were

already micropropagated from different explant sources

(e.g. Rugini 1984; Canas and Benbadis 1988; Roussos and

Pontikis 2002; Garcı́a et al. 2002; Grigoriadou et al. 2002;

Brito et al. 2003, Santos et al. 2003; Zacchini and De

Agazio 2004), using mostly OM medium (Rugini 1984).

While for O. maderensis, an efficient plant regeneration

protocol was recently achieved using a modified OM

medium enriched with Fe, Mg and Mn (Brito and Santos

2009), no information is still available for the microprop-

agation of O. var. sylvestris.

A major drawback of the micropropagation process is

the putative occurrence of genetic variability (e.g. Rout

et al. 2006). Thus, a successful true-to-type propagation of

the plant material should be guaranteed (for reviews see,

e.g. Kaeppler et al. 2000; Rout et al. 2006; Santos et al.

2007). Among the micropropagation methods, propagation

by axillary bud stimulation is considered to bear low-risks

of genetic instability (e.g. Rugini and Pesce 2006). Flow

cytometry (FCM) and simple sequence repeat (SSR)

markers are among the most commonly used methods to

access somaclonal variation, allowing cheap, rapid and

reliable analyses of the genetic variability at different

genomic levels. FCM has been used to access clonal

fidelity in several woody species (e.g. Conde et al. 2004;

Pinto et al. 2004; Loureiro et al. 2005, 2007a), but never

before in Olea species. SSRs are widely used for cultivar

fingerprinting, paternity testing and genome mapping (e.g.

Rallo et al. 2003; Brito et al. 2008). In olive, due to their

desirable properties (reproducibility, level of polymor-

phism, information content and inheritance), SSRs became

the markers of choice for cultivar identification (e.g. Rallo

et al. 2000; Rathmacher et al. 2009). For assessing in vitro

somaclonal variation, SSRs were previously used with

success in some woody species (e.g. Rahman and Rajora

2001; Lopes et al. 2006) and only recently, this technique

was used to evaluate the genetic stability of the micro-

propagation process of two olive species (Lopes et al.

2009). The authors reported no genetic changes between

the donor tree and somatic embryos. In contrast, Peyvandi

et al. (2009) found differences in the genetic pattern (using

the RAPD technique) and physiological traits in micro-

propagated plants of an Iranian olive cultivar.

The aim of this work was to assess the genetic stability

of micropropagated plants of the wild olive species, O.

maderensis and O. var. sylvestris. For that we describe and

compare two micropropagation protocols of O. var. syl-

vestris (first report) and of O. maderensis (after Brito and

Santos 2009). The potential true-to-typeness of these pro-

tocols was evaluated using FCM and SSRs. Furthermore,

the genetic analysis provides a basis for the conservation

and multiplication of germplasm of these two wild olive

species.

Materials and methods

Micropropagation protocols

Plant material and shoot proliferation

Cuttings were collected from adult field trees ([30 years

old) belonging to two wild olive species, O. maderensis

from Madeira Island and O. europaea ssp. europaea var.

sylvestris from Porto Santo Island. Leaves were removed

and cuttings treated according to Brito and Santos (2009).

Disinfected cuttings comprising one or two axillary bud(s)

were placed in groups of 4–5 explants per 300 ml glass

flask (a total of 20 glass flasks per species) on the following

induction media: (a) Olive medium (OM; Rugini 1984) and

(b) OMG medium (Brito and Santos 2009). Both media

were supplemented with 3% (w/v) sucrose, 0.7% (w/v)

agar and pH adjusted to 5.8 (prior to autoclaving). Cultures

were incubated for 1 month in a growth chamber with an

average light intensity of 45 lmol m-2 s-1, photoperiod of

16 h and constant temperature (22 ± 1�C) (Brito and

Santos 2009). Shoot multiplication/elongation took place in

the presence of 9.12 lM of zeatin. Sub-culturing was

performed monthly and shoots were used as stock material

for all experiments.
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Due to different species responses to the induction

media, shoot proliferation/elongation experiments were

carried out using OM for O. var. sylvestris and OMG for

O. maderensis. These experiments were performed for

5 weeks, under the same culture conditions used for stock

material. Micropropagation efficiency was assessed by

measuring growth parameters in three independent exper-

iments (for 14 shoots in each species): shoot elongation,

number of new leaves, number of new nodes, proliferation

rate (number of new axillary shoots, considering that every

new shoot could be used as a new explant for further

subcultures), and callus diameter.

Rooting experiments

Apical segments with 2 or 3 nodes were selected, and

cultivated on rooting media (Fig. 1). According to the

available literature on the Olea genus (Grigoriadou et al.

2002; Roussos and Pontikis 2002; Mencuccini 2003;

Zacchini and De Agazio 2004; Brito et al. 2007) several

rooting strategies were tested in preliminary studies and

the best conditions for each species were then selected

for the micropropagation protocol: (a) O. maderensis

shoots were incubated in the dark on 1/2 OMG with

3.22 lM NAA for 1 week, and subsequently transferred

to 1/2 OMG medium without growth regulators (1/2

OMGWH) to light conditions (Zacchini and De Agazio

2004); (b) O. var sylvestris shoots were exposed, under

light conditions for 2 min in a 100 lM IBA followed by

a transfer to 1/2 OM medium without growth regulators

(1/2 OMWH) (Brito et al. 2007). Experiments took place

at the same growth conditions as those used for shoot

proliferation. After 2 months, the number of rooted

plantlets was recorded and expressed in terms of rooting

percentage.

Plant acclimatization

In vitro plantlets (with 2–4 roots on average) were trans-

ferred to a sterilised mixture of peat:vermiculite (1:3) and

watered with 1/2 OMG (for O. maderensis) or 1/2 OM (for

O. var. sylvestris) medium (with no sucrose nor growth

regulators). Plantlets were maintained in vitro for 2 weeks

under the growth conditions described above. Then,

plants were transferred for 1 month to a growth cabinet

with progressive decreasing of relative humidity (down

to 70% RH) and increasing light conditions (up to

70 lmol m-2 s-1) and a photoperiod of 16 h. Plants were

then transferred to a greenhouse (average of light intensity

of 70 lmol m-2 s-1) and after 3 months they were moved

to an open greenhouse (200–400 lmol m-2 s-1, at noon)

in Porto Santo Island under the conditions described by

Brito et al. (2009).

Genetic variability assessment

Plant material

To assess variation within clones of the same origin and

between these and their donor trees, the following plant

material was collected: (a) leaves from the field donor

trees; (b) leaves from in vitro micropropagated plants

(after 1 year of shoot subcultures) and (c) leaves from

greenhouse acclimatized plants (after 3 months of

acclimatization).

Flow cytometric analyses

Leaves from field donor trees were collected, maintained in

moistened paper and analysed within a maximum period of

3 days. Leaves from the in vitro and acclimatized plants

were collected and analysed immediately. In each case,

only young healthy looking leaves were used for the flow

cytometric analyses to avoid the possible interference of

senescence-related secondary metabolites. Ploidy level was

estimated according to Brito et al. (2008) using Pisum

sativum cv. Ctirad as the internal standard (2C = 9.09 pg;

Doležel et al. 1992). Briefly, nuclei were released by

chopping with a razor blade half of a leaf of the olive plant

and of P. sativum, in LB01 buffer (Doležel et al. 1989).

Propidium iodide and RNase (both at 50 lg mL-1) were

added to the nuclear homogenates. After a 5 min incuba-

tion period, at least 5,000 nuclei were analysed in a

Beckman-Coulter� EPICS-XL flow cytometer (Hialeah,

FL, USA). The ratio between the mean fluorescence of

G0/G1 nuclei of sample and standard was calculated as an

indicator of the ploidy level of each sample. For each

species and condition, 5–15 replicates were performed. The

nuclear genome size of each type of plant material was

estimated according to Brito et al. (2008).

SSR analyses

Leaves from donor trees and from in vitro and acclimatized

plants were collected and stored at -80�C. DNA was

extracted from 80 mg tissue with the DNeasy� Plant Mini

Kit (QIAGENTM, Germany) according to the manufac-

turer’s instructions. Ten microsatellites (Table 3) were

selected as being the most polymorphic ones available for

the genus (Sefc et al. 2000; De la Rosa et al. 2002). For

SSR analyses, one of each set of two primers was labelled

with a fluorescent dye (ABI dyes 6-FAM or HEX).

Capillary electrophoresis was performed with an ABI

Prism 310 Genetic Analyser (PE Applied Biosystems,

USA) and the GeneScan internal size standard labelled

with ROX (Applied Biosystems) was used. Presence (1) or

absence (0) of alleles for each microsatellite marker was
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Fig. 1 Micropropagation protocols used in Olea maderensis and

Olea europaea ssp. europaea var. sylvestris. OM olive medium

(Rugini 1984), OMG modified OM (Brito and Santos 2009),

WH without hormones, HR relative humidity, IBA indole butyric

acid, NAA a-naphthalene acetic acid
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recorded (Brito et al. 2008). For each species, five samples

were performed per stage of the micropropagation process.

Statistical analyses

Differences in growth parameters and in the ratios of G0/G1

peaks were analysed using one-way ANOVA on Ranks

(SigmaStat for Windows Version 3.1, SPSS Inc., Rich-

mond, CA, USA). In both cases, either the Tukey test or the

Dunn’s methods (in the case of unequal group size) were

used for pair-wise comparison.

Results

Micropropagation protocols

Olea var. sylvestris explant sprouting was successfully

achieved only on OM medium, while in O. maderensis

better results were obtained on OMG medium. Therefore,

further quantitative analyses concerning micropropagation

performance of both species were made on plants growing,

respectively, on each media (Fig. 1). Both species pre-

sented high apical dominance, which was overcome with

the use of basal segments, particularly in O. maderensis

(Table 1). In O. var. sylvestris, the proliferation rate was

low, but the formation of new nodes and shoot length,

allowed shoot multiplication during subcultures (Table 1).

In both species it was possible to maintain long-term cul-

tures, up to 3 years for O. var. sylvestris and up to 5 years

in O. maderensis. After 1 month, rooting rates for

O. maderensis and O. var. sylvestris were on average 84

and 14%, respectively (Fig. 1).

Olea maderensis and O. var. sylvestris presented aver-

age survival rates in the greenhouse of 97 and 33%,

respectively (Table 1; Fig. 1). After 10 months in an open

greenhouse (Porto Santo Island), the survival rates were of

100% for both species. These plants looked healthy, pre-

sented green leaves and well developed internodes and no

visible phenotypical variations (Fig. 1).

Assessment of genetic variability

Flow cytometric analyses

The FCM analysis of stained nuclei of both olive species

resulted in highly reproducible histograms with well-

defined G0/G1 peaks and CV values usually below 3.5%

(Fig. 2), ensuring the reliability of the used protocol.

Different ploidy levels were confirmed between

O. maderensis (2n = 4x) and O. var. sylvestris (2n = 2x).

Genome size estimations indicate 2C = 6.11 ± 0.07 pg

for O. maderensis and 2C = 3.23 ± 0.02 for O. var. syl-

vestris. The analysis of nuclear DNA content variability

among the in vitro and acclimatized plants and the donor

trees revealed small, but statistically significant differences

in both species (Table 2). While in O. var. sylvestris

there was a 2.5% decrease in nuclear DNA amount from

the donor plants to the micropropagated material, in

O. maderensis, ploidy was overall maintained, though,

in acclimatized plants, a small difference (approx. 9%) in

nuclear DNA content was observed.

SSR analyses

Amplification of the SSR loci involved the use of 10 primer

pairs that produced 47 reproducible alleles that ranged

from 120 to 256 bp in size (Table 3). Two loci, AJ279858

and AJ279865, resulted in a profile with only one band

(allele) for O. var. sylvestris, representing homozygous

individuals, whilst the other eight loci resulted in banding

patterns with two bands (alleles) corresponding to hetero-

zygous individuals of a diploid species. For this species,

the electropherograms corresponding to the donor tree and

micropropagation-derived plants are similar and show

heterozygous individuals with two alleles of ca. 177 and

183 bp, respectively (Fig. 3). For O. maderensis micro-

satellite profiles presented from 2 to a maximum of 4 bands

(alleles) which, as already shown above, concur with the

fact that this is a tetraploid species. In this species, all

electropherograms were similar showing heterozygous

individuals with four alleles of ca. 160, 168, 185 and

Table 1 Shoot proliferation experiments in Olea maderensis and O. europaea ssp. europaea var. sylvestris

Species Type of

explant

Shoot length

(cm)

No. of new

leaves

No. of new

nodes

No. of new shoots

(proliferation rate)

Callus
(Ø, cm)

Survival rate

(%)

O. maderensis Apical 1.21 ± 0.43a 4.00 ± 2.34a 2.71 ± 1.15a 1.29 ± 0.29a 0.53 ± 0.06a 97

Basal 3.24 ± 0.61b 8.57 ± 2.53b 5.43 ± 0.95b 3.00 ± 0.38b 0.60 ± 0.06a

O. var. sylvestris Apical 0.41 ± 0.14 2.57 ± 1.00 1.43 ± 0.48 1.00 ± 0.00 0.74 ± 0.05 33

Data refers to growth parameters measured in 14 shoots during five weeks in three independent experiments. Values are given as mean and

standard error of the mean

For each parameter mean values followed by the same letter are not statistically significant at P \ 0.05

Trees (2010) 24:723–732 727
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193 bp, respectively (Fig. 3). Therefore, as all the primer

pairs produced monomorphic amplification products either

across all the in vitro and acclimatized plants derived from

the two species or between them and their respective donor

trees, data revealed that micropropagation induced no

genetic changes for these specific markers (Fig. 3).

Fig. 2 Histograms of relative

fluorescence intensity obtained

after simultaneous analysis of

nuclei isolated from leaves of

Pisum sativum cv. Ctirad

(internal reference standard) and

leaves of the following donor

trees: a Olea maderensis,

b O. europaea ssp. europaea
var. sylvestris. In each

histogram a dominant peak

corresponding to nuclei at the

G0/G1 phase of the cell cycle

and minor peaks corresponding

to nuclei at the G2 phase were

detected for both sample and

standard

Table 2 Genetic variability assessment of the micropropagation process in Olea maderensis and O. europaea ssp. europaea var. sylvestris using

flow cytometry

Ratio of G0/G1peaks Mean nuclear DNA

content (pg/2C)a
n

Mean SD

O. maderensis

Field donor trees 0.672 0.007 6.11a 9

In vitro plants 0.664 0.010 6.03a 6

Acclimatized plants 0.611 0.003 5.55b 5

O. var. sylvestris

Field donor trees 0.355 0.003 3.23a 10

In vitro plants 0.347 0.002 3.15b 15

Acclimatized plants 0.349 0.002 3.17b 5

Values are given as the mean and standard deviation of the mean of the ratio of G0/G1peaks, as well as the mean nuclear DNA content (pg/2C).

The number of replicates analysed in each case is also given
a For each species mean values followed by the same letter are not statistically significant at P \ 0.05

Table 3 Allele size of the 10 microsatellite loci amplified in Olea europaea ssp. europaea var. sylvestris and Olea maderensis from Madeira

Archipelago and their derived micropropagated plants

Locus Allele size (bp)

Field donor trees In vitro plants Acclimatized plants

O. var. sylvestris O. maderensis O. var. sylvestris O. maderensis O. var. sylvestris O. maderensis

AJ279854 236/250 205/236/256 236/250 205/236/256 236/250 205/236/256

AJ279856 197/203 192/195/199 197/203 192/195/199 197/203 192/195/199

AJ279858 139 121/136/142//152 139 121/136/142//152 139 121/136/142//152

AJ279859 165/190 170/176/186 165/190 170/176/186 165/190 170/176/186

AJ279865 144 121/133/163/168 144 121/133/163/168 144 121/133/163/168

AJ279867 177/183 160/168/185/193 177/183 160/168/185/193 177/183 160/168/185/193

AJ416320 210/212 191/209 210/212 191/209 210/212 191/209

AJ416321 211/215 195/198/207 211/215 195/198/207 211/215 195/198/207

AJ416322 120/138 135/138/140 120/138 135/138/140 120/138 135/138/140

AJ416323 184/191 183/187/191/193 184/191 183/187/191/193 184/191 183/187/191/193
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Fig. 3 a Amplification of ssrAJ279867 (HEX) locus in O. europaea
ssp. europaea var. sylvestris (from top to bottom): donor tree, in vitro

plant and an acclimatized plant. b Amplification of ssrAJ279867

(HEX) locus in O. maderensis (from top to bottom): donor tree, in

vitro plant and an acclimatized plant. Top scale indicates fragment

size in nucleotides. Left scale indicates fluorescence intensity

measured in relative fluorescence units

Trees (2010) 24:723–732 729
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Discussion

Micropropagation protocols

In the present work, two simple, reproducible, efficient and

long-term in vitro protocols for regenerating two wild olive

species, O. maderensis and O. europaea ssp. europaea var.

sylvestris are described. Olive medium (OM), the most

commonly used medium to micropropagate olive species,

was also the most adequate medium to induce explant

sprouting in O. var. sylvestris, suggesting that the macro

and micronutrients combination developed by Rugini

(1984) is well balanced for this species. Nevertheless, as

O. maderensis explants did not proliferate on OM, we

enriched this medium with Fe, Mg, Mn (OMG; Brito and

Santos 2009) allowing the successful micropropagation of

O. maderensis.

Data on growth parameters revealed that O. maderensis

presented better performance in elongation (shoot length)

and proliferation rates than O. var. sylvestris, but these

comparisons must be regarded carefully as different media

were used for each species. Apical dominance is recurrently

reported for commercial cultivars of O. europaea and it is

mostly associated with apical explants. The use of basal

segments may overcome apical dominance, suggesting that

explants deprived of the apical bud force the sprouting of

axillary buds (Zacchini and De Agazio 2004).

Rooting is another crucial step of micropropagation. For

both species we attained suitable rooting strategies. It is

interesting to notice that each species had different rooting

condition requirements. O. maderensis required NAA and

dark incubation to achieve the highest rooting rates (84%

after 1 month). Beneficial effects of rooting in the dark

have already been reported in other olive species/cultivars

(e.g. Roussos and Pontikis 2002; Mencuccini 2003;

Zacchini and De Agazio 2004). This stimulatory effect of

the dark may be due to a higher/faster metabolism of

endogenous or exogenous auxins when compared to the

light. Also, high light intensity may stimulate ABA pro-

duction and other phenolic compounds that compromise

rooting ability (Anderson 1984). On the other hand, in

O. var sylvestris, only an auxin (IBA) shock for 2 min

promoted rooting. IBA has been widely used as a root-

inducing hormone in olive (e.g. Grigoriadou et al. 2002),

but to our knowledge, this shock strategy has been seldom

reported in olive micropropagation protocols (see Brito

et al. 2007).

The acclimatization procedure was similar for both

species and revealed to be equally successful. The initial

acclimatization stage under in vitro conditions was crucial

for plant survival of both species, as it facilitated plant

adaptability to the ex vitro environment (for review see

Pospı́šilová et al. 1999). Acclimatized plants looked

healthy and morphologically normal, having well hardened

and developed stems and dark green leaves.

Finally, the different performance of these two species,

may be due not only to external factors (medium compo-

sition) but, mostly, to endogenous factors, in particular

genetic characteristics, such as the ploidy level. Positive

effects of polyploidy on plant traits such as vegetative

vigour, drought tolerance and pest resistance are well

known in flowering plants (Osborn et al. 2003), and may

also have played a significant role in this case. Further-

more, it is generally assumed that polyploid species may be

more susceptible to somaclonal variation than diploid ones

(e.g. Karp 1995). These variations are prone to occur in any

micropropagation protocol and depend on the type of

explant and environmental stressing conditions. Therefore,

and to ensure a true-to-type propagation protocol, these

micropropagated plants were evaluated for genetic

stability.

Assessment of genetic variability

Changes in DNA ploidy level (polyploidization, aneuploidy

or mixoploidy, for reviews see Karp 1995 and Kaeppler

et al. 2000) and/or in DNA sequence are among the most

frequent genetic variations found in in vitro cultures.

The analysis of ploidy level during the micropropagation

stages showed, for each wild olive species, high homoge-

neity pattern among individuals of the same stage/popula-

tion (field, micropropagated and acclimatized plants),

supporting the suitability of the used protocol. These flow

cytometric analyses revealed that no major ploidy changes

occurred during the in vitro culture. However, the small

differences in nuclear DNA amount (approx. 9.0%) found

between acclimatized plants and both in vitro material and

donor trees in O. maderensis do not exclude the possible

occurrence of aneuploidy. Similar small DNA-PI fluores-

cence fluctuations have been observed in leaves of other

woody species, in particular in older ones, and may be

attributed to the presence of cytosolic compounds, and their

interference with the DNA-PI staining (known as the

‘‘tannic acid effect’’, for details see Loureiro et al. 2006b).

Therefore, acclimatized plants may have accumulated

higher levels of cytosolic compounds, which decreased the

PI fluorescence of isolated nuclei and resulted in a lower

nuclear DNA content estimation. This interference has

been also reported in similar true-to-typeness studies of

other woody plant species (Pinto et al. 2004; Loureiro et al.

2005), and even in DNA studies of some olive cultivars

(Loureiro et al. 2007b). The statistically significant differ-

ences detected in O. var. sylvestris were much smaller

(approx. 2.5% between the field donor trees and in vitro

plants; Table 2) and may be justified by the highly

homogenous estimations obtained for each type of plant
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material (SD \ 0.003 independently of the number of

replicates that varied between 5 and 15) in the different

dates of analyses and correspondingly by possible technical

related issues, such as instrumental drifts (known to

account for up to 3% of FCM differences; Loureiro et al.

2006a, b).

Further clues for a genetic stability at the ploidy level

come from the analyses of the nuclear microsatellite

markers. Contrary to the diploid O. var. sylvestris (with 1–2

bands), O. maderensis microsatellite profiles presented

from two to a maximum of four bands (alleles), which

confirms the tetraploid nature of this species and supports

FCM data and previous reports (Brito et al. 2008; Lopes

et al. 2009). Moreover, in this study no genetic changes

among all conditions were detected. The feasibility of these

molecular markers, as well as RAPDs, RFLPs and AFLPs,

to assess true-to-type micropropagation has long been cer-

tified, as endorsed by the increasing number of papers that

have been published in recent years in several species. For

instance, the absence of somaclonal variation in plant

material micropropagated by stem cuttings was reported for

the woody species such as Cedrus libani (Renau-Morata

et al. 2005) and Robinia pseudocacia (Bindiya and Kanwar

2003) using RAPDs. Also Fernandes et al. (2008), using

AFLP and SSRs in Quercus suber described the absence of

molecular changes in embryogenic cultures. In contrast, the

occurrence of somaclonal variation in micropropagation by

stem cuttings, detected by SSRs and other molecular

markers, has been reported for other woody species. As

examples, genetic variation has been detected in Eucalyptus

tereticornis using RAPDs and AFLPs (Tripathi et al. 2006),

in Populus tremuloides using SSRs (Rahman and Rajora

2001) and in Robinia ambigua using ISSRs (Guo et al.

2006). To our knowledge, only four studies used molecular

marker to ensure true-to-typeness in the genus Olea: for

commercial cultivars of O. europaea var. europaea, Garcı́a-

Férriz et al. (2002) and Leva et al. (2002) used RAPDs and

reported no somaclonal variation in plants regenerated by

stem cuttings. However, using the same markers and type of

explant, Peyvandi et al. (2009) detected somaclonal varia-

tion in micropropagated plants of a commercial olive cul-

tivar. Finally, Lopes et al. (2009) using SSRs reported no

changes between the donor trees and somatic embryos in

two olive species. In general, SSRs and AFLPs are con-

sidered to be more reliable than RAPDs in the detection of

polymorphisms, with SSRs being cheaper and easier to

implement than AFLPs. Considering that microsatellite loci

consist of sites of preferential mutation of the genome, the

absence of mutation in the tested ten microsatellites, sug-

gests that these micropropagation protocols lead to no or

few mutation occurrence.

In conclusion, FCM and microsatellite analyses

strongly suggest that in these two olive species, the

micropropagation protocols here described may not induce

genetic variability. However, considering the specific and

restricted information given by any molecular markers, the

putative occurrence of changes in other sites of the genome

or aneuploidy cannot be totally excluded (Lopes et al.

2009). As far as we know, this is the first true-to-typeness

screening using plant morphology, FCM and SSRs of mi-

cropropagated olives, and also the first report with respect

to a complete micropropagation protocol (up to open

greenhouse) of O. var. sylvestris. Since December 2006,

micropropagated plants are being integrated in several sites

of Porto Santo mountains, within a reforestation pro-

gramme of Porto Santo Island (e.g. Brito et al. 2009). They

are also being used in conservation programmes, mostly

involving the endemic and endangered O. maderensis, a

strong candidate for the priority sites of the Natura 2000

networking programme.
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Loureiro J, Rodriguez E, Doležel J, Santos C (2006a) Comparison of

four nuclear isolation buffers for plant DNA flow cytometry.

Ann Bot 98:679–689

Loureiro J, Rodriguez E, Doležel J, Santos C (2006b) Flow
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