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Abstract

We report here for the first time callus formation from protoplasts in date palm (Phoenix dactylifera L.). Protoplasts were isolated
from young leaves of offshoots and embryogenic calli in Deglet nour and Takerboucht genotypes. The protoplast yield depended
on genotype, donor plant material, mixture of enzyme solution, and incubation time. With regard to the donor material, the best
response was obtained with callus. Cell division was induced in both liquid culture and nurse culture. The best donor material for
cell division was callus and the best response was obtained with the feeder layer, which induced a division rate of 30% in Deglet
nour and 15% in Takerboucht genotypes. The dividing cells developed to microcalli on the feeder layer; the microcalli developed
to calli on modified MS medium; however, the calli failed to regenerate into roots or shoots. To cite this article: D. Chabane et al.,
C. R. Biologies 330 (2007).
© 2007 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

Résumé

Formation de cals à partir de protoplastes récalcitrants du palmier dattier à l’aide d’une couche nourrice. Nous reportons
pour la première fois la formation de cals à partir de protoplastes chez le palmier dattier (Phoenix dactylifera L.). Les protoplastes
sont isolés à partir de jeunes feuilles de rejets et de cals embryogènes des génotypes Deglet nour et Takerboucht. Le rendement
en protoplastes dépend du génotype, du matériel végétal, de la composition de la solution enzymatique et du temps d’incubation
avec celle-ci. Le cal a permis l’obtention du rendement en protoplastes le plus élevé. La division cellulaire est induite aussi bien en
milieu liquide que sur couche nourrice. Pour la division cellulaire, le matériel le plus performant est le cal, et la meilleure réponse
est obtenue sur la couche nourrice avec un taux de division de 30% chez Deglet nour et 15% chez Takerboucht. Les cellules
divisées se développent en microcals sur la couche nourrice ; les microcals évoluent en cals sur milieu MS modifié. Cependant, les
cals n’ont pas révélé une capacité à la régénération. Pour citer cet article : D. Chabane et al., C. R. Biologies 330 (2007).
© 2007 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

Abbreviations: BA: benzylaminopurine; 2.4 D: 2.4-dichlorophenoxyacetic acid; IPA: 6-(γ, γ dimethyllylamino)-Purine; NAA: 1-naphthale-
neacetic acid; IAA: indolacetic-3-acid; MES: 2[N -morpholino] ethanesulphonic acid.
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1. Introduction

Date palm (Phoenix dactylifera L.) is a monocotyle-
donous, dioecious and diploid (2n = 2x = 36) species.
It is an economically important plant in Saharan agri-
culture. The most important date palm cultivation areas
are in North Africa and the Middle East, where it of-
fers dates as staple food and ecological conditions for
other cultivated plants. There are two common methods
to propagate palm trees, sexually by seeds and asexu-
ally by using offshoots. Generally, half of the progeny
is male and the other half female; only female trees
produce fruit. To date, there is no reliable method to de-
termine the sex of the progeny at an early stage. This
tree is still traditionally vegetative-propagated through
offshoot, but the number of offshoots produced by each
palm is about 10–15 per tree; this approach is less effi-
cient compared to the micropropagation method [1,2].

A fungal disease called Bayoud threatens the date
palm plantations in North Africa. Bayoud, the fun-
gal vascular wilt of date palm, is caused by Fusar-
ium oxysporum fsp albedinis. Genetic improvement is
the most important and efficient tool to produce re-
sistant plant material with good date quality. Classi-
cal cross breeding takes a long time (15–30 years) for
the production of new varieties. Somatic hybridisation
can be an alternative. Recently, somatic hybridisation
has been successfully used in vegetative propagated ba-
nana (Musa spp.) [3], in the Solanaceae to introduce
disease-resistance traits, by transferring resistance from
wild relatives to cultivated varieties [4,5], in rice (Oryza
sativa L.), in barley (Hordeum vulgare L.) [6], and in
citrus (Citrus spp.) [7].

Totipotent protoplasts are considered as a very im-
portant experimental material for genetic engineer-
ing [8]. Somatic hybridisation by protoplast fusion en-
ables nuclear and cytoplasmic genomes to be combined,
fully or partially, at the interspecific and intergeneric
levels to circumvent naturally occurring sexual incom-
patibility barriers. Isolated protoplasts are also exploited
in numerous miscellaneous studies involving membrane
function, cell structure, synthesis of pharmaceutical
products, and toxicological assessments [9–12].

Protoplasts can be isolated from leaves, cotyle-
dons, shoots, roots, and flowers. In monocotyledonous
species, the best material for protoplast isolation is em-
bryogenic cell suspension as in cereals and especially
rice [13]. Likewise, in rye, Ma et al. [14] used fast-
growing friable callus initiated from immature inflo-
rescences to establish embryogenic cell suspensions as
a source of totipotent protoplasts. In other monocotyle-
donous species such as banana, the best source mater-
ial for protoplast isolation is embryogenic callus [15]
and/or cell suspensions [16] because of their totipo-
tency. Protoplasts from leaf mesophyll cells/tissues and
callus were recalcitrant for regeneration [16,17].

To our knowledge, no report exists on protoplast
technology in date palm. In the present investigation, we
report first the induction of callus formation from pro-
toplasts in two genotypes of date palm. To optimize the
production of protoplasts and cell division frequency,
factors such as donor material, composition of enzyme
solutions, duration of incubation period, and culture
system were studied.

2. Material and methods

2.1. Plant material

Two genotypes, Deglet nour from Biskra, in the
Southeast of Algeria, and Takerboucht from Adrar, in
the Southwest, were studied. Deglet nour is sensitive to
fusariose and has a good fruit quality; in contrast, Taker-
boucht is resistant to this pathogen and has a lower fruit
quality. The offshoots grown in open fields (20-cm di-
ameter, 3- to 6-kg weight) were taken from adult female
plants. Young leaves and the shoot apical tip from off-
shoots were used for our investigation.

2.2. Initiation and maintenance of callus cultures

The offshoots (2–4 years old) from field grown adult
female date palm were used for callus initiation. The
shoot tip of offshoots were sterilized with 0.3% ben-
late (methyl [1-(butylcarbamoyl)benzoimidazol-2-yl]
aminoformate) (DuPont, France) for 30 min, followed
by transferring to a 30% aqueous solution of 5.4% (v/v)
sodium hypochlorite in water with two drops of tween
20 per 500 ml for 45 min. The tip was then rinsed
three times with distilled water (duration of each rinse:
10 min). Shoot apical tips (about 5-cm length, 3-cm di-
ameter) of offshoots were excised in small pieces (5-mm
length) and cultured on Petri dishes (9.5-cm diameter)
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Table 1
Composition of enzyme solutions

Enzyme concentration (%, w/v) EC1 EC2 EC3

Cellulase RS (Yakult Pharmaceutical Ind. Co., Ltd, Tokyo Japan) 1.5 1.5 1.5
Pectolyase (Kyowa Chemical Products Co., Ltd, Osaka Japan) 0.15 0.2 –
Hemicellulase (Sigma, USA) 0.2 – –
Macerozyme (Sigma, USA)
Pectinase (Sigma, USA) – 1 1.5
KCl 3 3 3
CaCl2 0.5 0.5 0.5
pH adjusted with HCl 0.1N 5.6 5.6 5.6
on solid medium M1 (20 ml, 10 pieces per Petri dish)
containing MS salts [18] and supplemented with 9.0 µM
2.4-D, 14.76 µM IPA, Morel vitamins [19], 87 mM
sucrose, and 7 g l−1 agar (Sigma, USA). The pH was
adjusted to 5.7–5.8 before autoclaving (20 min, 120 ◦C,
1 bar). The cultures were kept at 27 ◦C in the dark.
The explants were subcultured at 4-week interval on
the same medium. After 3–6 months of culture, friable
white and yellow nodular calli were formed.

2.3. Protoplast isolation from young leaves of
offshoots

Offshoot leaves around the shoot tip (10–15 cm)
from field grown adult female date palm were used
for protoplast isolation. Leaf pieces of approximately
1 cm in length were excised and surface sterilized with
a mercryl lauryle solution (about 5 drops in 100 ml dis-
tilled water) for 15 min and followed by washing three
times with a domestic detergent (Domestos, Sunlight,
France), followed by a repeat surface sterilization with
a 30% aqueous solution of 5.4% (v/v) sodium hypochlo-
rite solution for 20 min and rinsing in sterile distilled
water three times during 15 min. About 1 g f.wt. of leaf
explants were scarified on the lower surfaces and placed
in 15 ml of enzyme solution with their abaxial surface
downward. Three different enzyme solutions EC1, EC2
and EC3 (pH 5.6) were tested (Table 1). The enzyme
solutions were sterilized using a 0.2-µm Millipore filter
(Millipore, Billerica, MA, USA).

The enzyme solution/young leaf mixture was incu-
bated overnight (12–20 h) at 27 ◦C in the dark. Before
the purification step, the mixture was observed under the
microscope. In the case the number of protoplasts ob-
served was not important, the protoplast suspension was
transferred to a gyratory shaker (30 rpm) for 15 min.

2.4. Isolation of protoplasts from callus

Two types of callus derived from shoot tip (3–7 cm)
were tested for protoplast isolation: nodular yellow cal-
lus and friable white callus. About 800 mg f.wt. were
used for each experiment. The callus was cut into small
pieces, put into 15 ml of enzyme solution in Petri dishes
(9.5 cm diameter), and placed in the dark at 27 ◦C for
12–20 h. The same enzyme solutions were used as for
leaf explants (Table 1).

2.5. Purification of protoplasts

The protoplasts were purified as described by [20].
After incubation, the digestion mixture was filtered
through 100/25-µm metallic mesh combination to re-
move debris and large cell colonies. Protoplasts were
washed three times through centrifugation (65 g for
5 min) with a washing solution that consisted of
204 mM KCl, 67 mM CaCl2 with pH 5.7. In order
to minimize the salt content in the protoplast suspen-
sion, they were rinsed again with 0.5 M mannitol and
67 mM CaCl2 (centrifugation 65 g for 5 min). The pro-
toplast viability was determined by fluorescein diacetate
(FDA) [21].

2.6. Culture of protoplasts

Protoplasts were cultured at a density of 106. Two
culture systems were tested: liquid culture and nurse
culture.

For liquid culture, protoplasts were suspended in
4 ml of media in small Petri dishes (5.5 cm diameter).
The liquid medium (M5) consisted of MS salts, vita-
mins of Morel, 0.68 mM glutamine, 117 mM sucrose,
0.4 mM glucose, 0.5 mM MES, 1.9 mM KH2PO4,
9.0 µM 2.4 D, 14.76 µM IPA and 250 mg l−1 poly-
ethylene glycol 4000 (PEG). The pH was adjusted to
5.7 with 0.1 N NaOH before filter sterilization (0.22-µm
millex GS filters, Millipore, Billerica, MA, USA). The
Petri dishes were sealed with parafilm and transferred
into the culture room.

For the feeder layer, embryogenic offshoot-tip-derived
calli of Deglet nour were used as nurse cells. The nurse
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culture was prepared the same day when the proto-
plasts were isolated. The PCM liquid medium (double
strength) contained double strength of MS salts, 9.0 µM
of 2.4 D, vitamins of Morel, 2.8 mM glucose, 278 mM
maltose, 170 mM sucrose and 2.5 mM Myo inositol
(pH 5.7). Callus suspension was made by cutting fri-
able calli into small pieces (0.2 mm) and by adding it
to 100 ml of PCM culture medium, in order to obtain
a final cell concentration of 2% in PCM/agarose mix-
ture.

Agarose sea plaque 1.2 g (Sigma, USA) was dis-
solved separately in 100 ml of distilled water (pH was
adjusted to 5.7) and then autoclaved. When the tem-
perature of the agarose solution decreased to 30–35 ◦C,
it was carefully mixed with a 100-ml PCM medium
containing nurse cells. Aliquots of 10 to 12 ml of this
mixture were poured into small Petri dishes (5.5-cm
diameter). After solidification, the medium was cov-
ered with sterilized nitrocellulose filter (AA type milli-
pores), and 1 ml of protoplast suspension in M5 medium
(see above). All cultures were maintained at 27 ◦C in
the dark. Cell-wall regeneration was observed with cal-
cofluor white brightener stain [22].

The microcalli formed were transferred onto a cal-
lus induction medium containing MS salts and supple-
mented with 13.5 µM 2.4 D and 14.76 µM IPA, Morel
vitamins, and 3 g l−1 gelrite. The calli were transferred
into the regeneration medium, which consisted of MS
salts supplemented with the same level of IPA of the
callus induction medium (see above) and 1.4 µM 2.4 D.
The cultures were kept in the dark at 27 ◦C.

2.7. Data collection and statistics

Only viable protoplasts were counted. Protoplast
yield was estimated with a Nageotte hematocytome-
ter. At least three replicate counts were used. Results
were expressed as yield per g f.wt. for leaves or calli.
The protoplast yield per milliliter 0.5 M mannitol and
0.75 mM CaCl2 was calculated using the following for-
mula: Y = Q × 104/W (Y is the protoplasts number
per milliliter, Q is the quantity of protoplasts in average
5×1 mm2, W is the fresh weight of plant material). The
diameter of the protoplasts was determined using a cal-
ibrated eyepiece graticule fitted to the microscope. The
experiments were performed at least three times. Differ-
ences between means were assessed using the Student–
Newman–Keuls test (SAS version 9.1.3, SAS Institute
Inc., Cary, NC, USA); means with the same letter are
not significantly different.

3. Results

3.1. Production of protoplasts

Embryogenic callus (Fig. 1A and B) is the material
of choice for protoplast isolation in date palm. In this
study, viable protoplasts were isolated from both geno-
types Deglet nour and Takerboucht (Fig. 1C and D).
Generally, young leaves gave less viable protoplasts
than those from calli. In young leaves, the viability rate
was 8% in Deglet nour and 9% in Takerboucht; in calli
it was 65% in Deglet nour and 57% in Takerboucht.
The viability of freshly isolated protoplasts (immedi-
ately after isolation) was about 80% in both leaf- and
callus-derived protoplasts.

3.2. Factors affecting protoplast isolation

The viability rate of freshly isolated protoplasts was
dependent on the composition of the enzyme solution
tested. EC1, the combination of cellulase RS and pec-
tolyase with hemicellulase (Table 2) was more efficient
for the isolation of protoplasts in date palm.

The protoplast yield was also dependent on donor
material, genotype, and incubation time. Regarding the
donor material, the best response was obtained with
nodular callus; the protoplast yields were 5.6 × 105

per g f.wt. in Deglet nour and 4.95 × 105 g f.wt. in
Takerboucht (Table 2). The protoplast yields were less
Table 2
Influence of genotype, donor material and enzyme solution on protoplast yield (×105)

Genotype Donor material EC1 EC2 EC3

Deglet nour nodular callus 5.6±0.1 a 2.95±0.1 a 0.95±0.09 a
friable callus 3.9±0.1 c 2.25±0.2 b 0.68±0.08 c b
leaf 1.97±0.05 e 0.72±0.03 c 0.21±0.03 d

Takerboucht nodular callus 4.95±0.2 b 2.05±0.2 b 0.78±0.03 b
friable callus 3.25±0.3 d 1.85±0.06 b 0.62±0.04 c
leaf 1.00±0.06 f 0.53±0.03 c 0.05±0.03 e

Data are means of three independent treatments. Differences between means were assessed using the Student–Newman–Keuls test; means with the
same letter are not significantly different at α = 0.05.
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Fig. 1. (A) Development of nodular callus from meristematic shoots of cultivar Deglet nour after 4 months of culture on induction medium.
Bar = 6 mm. (B) Friable and granular callus development of cultivar Deglet nour after 6 months of culture on induction medium. Bar = 0.2 mm.
(C) Protoplasts isolated from embryogenic callus of cultivar Deglet nour. Bar = 30 µm. (D) Protoplasts isolated from leaves of cultivar Deglet
nour. Bar = 30 µm. (E) Dividing cell 7 days after protoplast isolation from callus in Deglet nour. Bar = 5 µm. (F) Second cell division 10 days
after protoplast isolation from callus in Deglet nour. Bar = 5 µm. (G) Microcalli of Deglet nour on feeder layer 6 weeks after protoplast isolation.
Bar = 1 cm. (H) Microcalli of Takerboucht on feeder layer 8 weeks after protoplast isolation. Bar = 1 cm. (I) Callus formation from callus-derived
protoplasts in Deglet nour after 4 months of protoplast culture. Bar = 6 mm.
in young leaves of offshoots (1.97 × 105 per g f.wt. in
Deglet nour and 1 × 105 per g f.wt. in Takerboucht).
Regarding the incubation time, the best response was
obtained with an incubation time of 12 h; there was
a significant difference between the genotypes as shown
in Fig. 2; protoplast yields were 5.2 × 105 per g f.wt.
callus in Deglet nour and 4.2 × 105 per g f.wt. callus in
Takerboucht.
3.3. Protoplast response in culture

The protoplast viability rate was 80% at day 0 (im-
mediately after isolation) before transferring in culture
medium; however, the cell viability diminished with in-
creasing culture duration, depending on the explant, cul-
ture system, and genotype; regarding the cell viability,
callus-derived protoplasts showed the best responsive-
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Fig. 2. Impact of incubation time on protoplast yields from nodular callus. Data are means of three independent experiments. Differences between
means were assessed using the Student–Newman–Keuls test; means with the same letter are not significantly different at α = 0.05.

Table 3
Influence of genotype, donor material and culture system on frequency of cell viability cell wall regeneration four days after protoplast culture

% of cell viability % of cell wall regeneration

Liquid medium Feeder layer Liquid medium Feeder layer

Deglet nour callus 60±2.0 a 65±2.0 a 25±3.0 a 54±3.6 a
leaf 5±2.0 c 8±2.0 c 3±1.0 c 5±1.0 c

Takerboucht callus 49±2.6 b 57±2.6 b 14±1.7 b 38±3.6 b
leaf 4±1.0 c 9±1.0 c 1±0.3 c 2±1.0 c

Data are means of three independent treatments. Differences between means were assessed using the Student–Newman–Keuls test; means with the
same letter are not significantly different at α = 0.05.
ness as compared to leaf-derived protoplasts. In Deglet
nour, the cell viability rate of callus-derived protoplasts
at day 4 was 65% on the feeder layer and 60% in the
liquid medium (Table 3). In Takerboucht, the frequency
of cell viability of callus-derived protoplasts was 57%
on feeder layer and 49% in liquid medium (Table 3).
Three days after the protoplast culture, the cells began
to regenerate the cell wall and became oval. In terms
of cell-wall regeneration, the best responsiveness was
obtained with callus-derived protoplasts, and the best
culture system was the feeder layer. At day 4, the rate
of cell-wall regeneration of callus-derived protoplasts in
Deglet nour was 54% on feeder layer and 25% in liq-
uid medium; in Takerboucht, the frequency of cell-wall
regeneration of callus-derived protoplasts was 38% on
feeder layer and 14% in liquid medium (Table 3).

Cell division was obtained in both callus and leaf-
derived protoplasts; however, the callus-derived proto-
plasts showed a better response. The higher division rate
of callus-derived protoplasts was achieved on feeder
layer; in contrast, leaf-derived protoplasts did not show
any significant difference in both culture systems. The
cell division rate of callus-derived protoplasts (Fig. 1E
and F), related to the number of isolated protoplasts
at day 0 (immediately after isolation), was 30% on
feeder layer and 20% in liquid medium in Deglet nour at
day 10; in Takerboucht, the division frequency was 15%
on feeder layer and 7% in liquid medium (Table 4).

The dividing cells continued to grow and developed
into microcalli on feeder layer 8 weeks after protoplast
plating, as shown in Fig. 1G and H. The number of mi-
crocalli was 14 000 per Petri dish in Deglet nour and
9000 per Petri dish in Takerboucht. In both genotypes,
about 25% of the microcalli developed to callus (Fig. 1I)
on the callus induction medium. The calli that were
transferred onto the regeneration medium failed to re-
generate into shoots or roots.

4. Discussion

In this investigation, we have established a protocol
that allowed callus formation from protoplasts in date
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Table 4
Influence of genotype, donor material, and culture system on cell division rate (%) 10 day after protoplast isolation

Genotype Donor material Liquid medium Feeder layer

Deglet nour callus 20±2.6 a 30±3.6 c
leaf 5±2.0 be 6±2.5 e

Takerboucht callus 7±1.7 b 15±2.0 d
leaf 4±1.0 be 5±1.5 e

Data are means of three independent treatments. Differences between means were assessed using the Student–Newman–Keuls test; means with the
same letter are not significantly different at α = 0.05.
palm. Out of 800 genotypes of date palm identified in
Algeria [23], the cultivars Deglet nour and Takerboucht
were selected for the current study. Deglet nour pro-
duces dates with excellent fruit quality (soft, red color,
perfumed, small-medium fruit size with medium ripen-
ing), making it an important commercial cultivar in
northern Africa; nevertheless this genotype is suscep-
tible to bayoud, the most important date palm disease
in northern Africa. Takerboucht has a lower economical
value because of the medium quality of its fruit (semi-
dry to dry, yellow orange color, small fruit size, medium
ripening); however this cultivar is known to be resis-
tant against bayoud disease. A combination of the two
genomes by protoplast fusion may contribute to produce
a superior date palm variety with excellent fruit quality
and resistant to bayoud.

To date, there is no report on the production of pro-
toplasts in this species. The isolation of protoplasts
depended on the choice of genotype, the donor ma-
terial, the enzyme solution, and the incubation time.
The embryogenic callus was a suitable donor mater-
ial for protoplast isolation. In monocotyledonous trees,
like banana, it was shown that the appropriate donor
materials for efficient protoplast isolation were callus
and embryogenic cell suspension [17]. But the induc-
tion of embryogenic suspension cultures of banana re-
quires more than one year [24], and the number of
genotypes that can be used to produce suspension cul-
tures is limited [25,26]. In other monocotyledonous
species, such as in rice [27], maize [28], and bar-
ley [29], suspension cultures were the most suitable
donor material for protoplast isolation. Cell-suspension
cultures established in date palm in our lab were not
stable (data not shown); therefore, calli were used as
donor material for protoplast isolation in the present
study.

The efficiency of protoplast isolation depended on
the environmental conditions, particularly the composi-
tion of the enzyme solution. The combination of cellu-
lase RS–pectolyase–hemicellulase gave a higher num-
ber of protoplasts. Using the same approach in ba-
nana protoplast isolation [17], the mixture of cellulase–
pectolyase–hemicellulase was more efficient for proto-
plast isolation from cell suspensions after 15–17 h in
darkness. The protoplast isolation involved the treat-
ment of tobacco leaves with pectinase to separate the
cells, followed by cellulase to remove their wall [30].
The procedure was simplified by a single treatment with
a mixture of enzymes [31].

In dicotyledonous, it was shown that the combina-
tion of cellulase onozuka RS and pectolyase Y-23 sig-
nificantly improved the yield and the viability of leaf
mesophyll protoplasts in Prunus cerasus L. [32]. The
optimum enzyme mixture for protoplast isolation in cal-
lus of the same plant material was cellulase onozuka RS
and macerozyme R10. It was reported that in Echinacea
angustifolia, the yield of protoplasts released also in-
creased when the cellulase concentration was increased
to 2.0% (w/v), and the lower cellulase concentration
(less than 1%) could not lead to liberation of enough
protoplasts [33]. Cellulase at a concentration higher
than 2% may cause over digestion of plant material
[34,35].

Several factors influence protoplast release, includ-
ing the extent of cell wall thickening, temperature, du-
ration of enzyme incubation, pH of the enzyme solu-
tion [36], agitation, the nature of the osmoticum, and
plasmolysis prior to enzyme digestion of source tissues
in salts [37]. Protoplast yield and viability can be further
enhanced by slicing of source (preplasmolysed) tissues,
manual or enzymatic removal of the epidermis, and con-
ditioning of the donor material or its culture on media
containing suitable osmoticum [38–40].

During the present study, cell-wall regeneration, cell
division, and callus formation were obtained. Among
the plant growth regulators that we tested (data not
shown), only the combination 2.4D–IPA induced cell
division. In earlier studies on rose mesophyll proto-
plasts, NAA and BA were the most efficient growth
regulators for the regeneration of microcalli [41]. In
lily protoplasts, the addition of picloram to the culture
medium was critical of development of microcalli [42].
Our investigation demonstrates that nurse culture was
effective for mitotic activity of date palm protoplasts.
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Recently nurse culture technique has been successfully
used to solve regeneration problems in recalcitrant pro-
toplasts [20,42,43]. The number of microcalli we ob-
tained was close to those obtained in earlier studies
in banana [44]; however, the obtained calli did not
develop into plants in our study. Shoot organogene-
sis depends on many parameters, including the geno-
type, protoplast-derived material, plant growth regula-
tors, culture system, and exposition time of protoplasts
on nurse cells.

Previous investigations showed the impact of geno-
type on plant regeneration from protoplasts in apple
and banana [17,45]. Currently, protoplasts can be iso-
lated from almost all plant tissues, calli and cell sus-
pensions; however, the type of the donor material is
crucial for shoot organogenesis and somatic embryoge-
nesis; callus tissues contain less embryogenic or ded-
ifferentiated cell aggregates compared to cell suspen-
sions, the most used donor material for protoplast iso-
lation in monocotyledonous. This may be the cause of
the lack of plant regeneration. The main plant growth
regulators auxin and cytokinin, alone or in combina-
tion, are generally essential for efficient protoplast-
to-plant systems [8]. Plant growth regulator concen-
trations and combinations need to be optimized for
each protoplast development step. The following plant
growth regulators were tested in our preliminary ex-
periments: 2.4 D, IPA, IAA, BA, and NAA. Only the
combination 2.4D–IPA induced sustained cell divisions
and callus formation. None of the plant growth reg-
ulators induced plant regeneration, which may be re-
lated to the negative interaction between those plant-
growth regulators and some metabolites produced by
callus tissues. The nature of positive or negative fac-
tors produced by feeder cells is still completely un-
known; however, we recently found that the interac-
tion between feeder layer cells and protoplasts is very
time-dependent in banana protoplasts [44]. During the
present study, both liquid culture and feeder layer sys-
tems were used. Alginate and agarose techniques may
be a useful alternative to liquid or to the feeder layer
method [46]. The conversion frequency of microcalli
into somatic embryos was very low when using a feeder
layer compared to when microcalli were transferred
onto regeneration medium immediately after their for-
mation [44].

5. Conclusion

In the present studies, we induced first sustained cell
division, microcallus formation, and callus regeneration
from recalcitrant date palm protoplasts by optimizing
the protoplast isolation and culture conditions. For op-
timizing the shoot regeneration from date palm pro-
toplasts, future investigations should focus on the fol-
lowing points: (1) development of stable embryogenic
suspension culture as a source for protoplast isolation
because of the higher frequency of embryogenic cells,
(2) optimizing the combination and concentration of
plant growth regulators, (3) optimizing exposition time
of microcalli on nurse culture, and (4) application of
other culture procedures like alginate and agarose cul-
ture.
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