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Abstract: The potential of biochemical and molecular markers in sex identification of in vivo grown and

in vitro differentiated cultures of date palm was investigated. In vitro zygotic lines were proliferated from

mature and immature zygotic embryos of date palm. The mature embryos were more potential in the in

vitro differentiation responses compared with immature embryos. Incorporation of tissue culture medium

by 3 mg/L 2ip + 5 mg/L 2,4-D gave the highest percentages of embryo germination and growth.

Isozymes were used for identification of sex type of date palm cultures. High level of peroxidase activity

has been observed in adult female and offshoot female. Acid phosphatase and glutamate oxaloacetate

enzymes gave a strong difference between male and female date palm. Early estimation of sex type of

in vitro differentiated lines has been realized via the activity levels of the two enzymes. Random

amplified polymorphic DNA (RAPD) technique was used to compare genetic material from male, female

and unknown lines of date palm. RAPD analysis showed a relatively closely relation between the two

females (adult and offshoot) cultures, since they have large number of homologous bands. Although, there

is low relationship between male and female, results of similarity could not confirm link to sex or

estimate the sex type of unknown clones. 
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INTRODUCTION

Date palm is a dioecious, perennial monocot plant

that is commercially important in the Middle East and

North Africa. The entire tree of date palm is utilized

to provide food, shelter, fiber, clothing, furniture and

many other-products. Moreover, date palm successfully

tolerates extremely adverse environmental conditions,

including  drought, high temperature and salinity,

which are the peculiar criteria of desert lands. It

makes  a significant contribution toward the creation

of equable microclimates within the fragile oasis

ecosystems, thus enabling sustainable agricultural

development in many drought and saline affected

regions . The genetics, morphology, morphogenesis[1]

and physiology of date palms somewhat less

understood than other fruit-tree crops. It has been

difficult  to  study  because  they are native to

tropical  regions,  have long life cycles and has

diverse and unique growth habits compared to other

fruit-producing trees. Date palm breeding is a long-

term endeavor . Propagation of date palm through[2]

seeds or zygotic embryos is desirable for improvement

of the cultivars and for selection of diseases resistance,

fruit quality and high yield. Also, the early

determination of sex type is very important for

speeding up breeding programs. Plant tissue culture

techniques offer excellent tools for rapid proliferation

of sexual clones of date palm and other similar

dioecious plants. The culture of mature embryos

excised from ripened seeds is used to eliminate seed

germination inhibitors or to shorten the breeding cycle.

Immature embryo culture can also be employed to

germinate unique interspecific or intergeneric hybrids

that do not survive in nature (embryo rescue). Embryo

culture technique involves isolating and growing

immature or mature zygotic embryos under sterile

conditions  on an aseptic nutrient medium with the

goal of obtaining viable plant was employed . Despite3[ ]

of its economical and ecological importance, little

r e se a rc h  h a s  b e e n  u n d e r ta k e n  o n  ge ne t ic

characterization of germplasm and varieties of date

palm. Molecular markers have been introduced in date

palm programs . No data available regarding[4,5,6,7,8]

molecular analysis of male and female plants or

genetic bases of sex differentiation of date palm. In

this context, some trials on understanding sex

differentiation of Aspargus officinalis  and using of[9]

RAPD technique for sex determination of papaya

plants  have been achieved.[10]
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The objectives of this work are to study the in

vitro proliferation of sexual lines of date palm through

culturing of immature and mature embryos, analyze

male and female plants using biochemical and

molecular markers and early estimate the sex type of

embryo culture-derived plantlets.

MATERIALS AND METHODS

Explants and In vitro Culturing: Immature (excised

from green fruits) and mature (of colored fruits)

zygotic embryos of date palm (Phoenix dactylifera L.

‘Zaghlool’ ) were used as tissue culture explants.

Fruits were surface sterilized by 70 % ethanol for 3

min, 100 % commercial Clorox (5.25 % NaOCl) for

20 min and thoroughly washed with sterilized distilled

water. Under aseptic conditions, embryos were

extracted from the seeds and placed on culture media.

To study the role of growth regulators on in vitro

differentiation of embryos of date palm, immature

embryo explants were cultured on MS-medium[11]

supplemented with different combinations of 2,4-D,

BA and 2ip. To investigate the effect of embryo

maturation on in vitro morphogenic responses,

immature and mature embryos were cultured on three

selected combinations of growth regulators dependent

on pervious experiment. All cultures were incubated in

the dark during the first two weeks of culturing and

then transferred to light (3000 lux) 16/8 photoperiod

at 25<C. Morphogenic responses presented as

organogenesis (%), fresh weight (g) and callus

frequency (%) were recorded after four weeks of

culturing. Experiments were designed in completely

randomized design and the data were statistically

analyzed using Standard Error (SE) as described by

Snedecor and Cochran . [12]

Enzymes Extraction and Activities: For enzyme

extractions one gram leaf samples of adult female,

offshoots female, adult male and in vitro differentiated

zygotic lines (selected randomly) were collected.

Protein extracts of the tissues were prepared at the

same time and under the same conditions using 500

mM tris buffer, pH 7.0 containing 1 mM EDTA, 300

mM ascorbic acid, 2 % ß-mercaptoethanol, 10 mM

EDTA, 5 % Tritonx-100 and 10% (w/v) PVP. For

esterase activity, p-nitrophenylacetate was used as a

substrate for esterase according to  Gottlieb . The[13]

esterase activity was determined spectrophotometrically

at room temperature (25 ºC) by measuring the increase

in absorbance at 450 nm. The reaction solution (1 ml)

contained 60 mM sodium phosphate buffer, pH 7.0

and 2.0 mm of p-nitrophenylacetate. For each

measurement 200µL of crude extract was used.

Measurements were performed in 1.0 cm cuvettes

every 30 seconds over a five-min-period. One unit of

esterase activity is defined as the formation of 1 m

mol of p-nitrophenol per minute, and the specific

activity is given in units per milligram of protein.

Protein was estimated according to the method of

Bradford , with bovine serum albumin as a standard.[14]

Peroxidase activity was determined according to the

protocol described by Chance and Maehly . Total[15]

guaiacol peroxidase activity of extracts was determined

spectrophotometrically at room temperature (25°C) by

measuring the increase in absorbance at 470 nm for

0 .5  min intervals  up  to  2  m in using a

spectrophotometer. The reaction solution contained

2 20.45 ml of 5 mM hydrogen peroxide (H O ) and an

appropriate amount of crude extract. In the presence

2 2of H O , peroxidase catalyzes the transformation of

guaiacol to tetraguaiacol (a brown product).  One unit

of enzyme activity was defined as the amount of

enzyme which cause on O.D change at 470 nm per

min at 25 <C under standard assay conditions. The

activity of acid phosphatase was determined according

to the method described by Dinan et al., . Glutamate[16]

oxaloacetate (GOT) was determined  colorimetrical

according to the Reitman and Frankel . [17]

Randomly  Amplified  Polymorphic  DNA  (RAPD)

analysis: DNA extraction  from young fresh leaves

(500  mg) following a CTAB protocol was descried

by  Doyle  and  Doyle . Six arbitrary 10-mer[18]

primers (Operon technologies Inc., Alameda,

California) were randomly selected and screened for

RAPD  amplification  in  the  genomic DNA. A

single primer was used in each PCR reaction, which

was carried out in a total volume of 25 µl containing

50 ng genomic DNA, 25 pmol primer, 25 pmol

dNTPs  and  0.8 unit of Taq polymerase.  The

reaction  mixture was placed on a DNA thermal

cycler. The PCR program included an initial

denaturation step at 94°C for 2 mins followed by 45

cycles with 94°C for 1 min for DNA denaturation,

annealing  as mentioned with each primer, extension

at  72°C for 30 seconds and final extension at 72 °C

for  10  minutes  were carried out. The amplified

DNA  fragments were separated on 2% agarose gel

and stained with ethidium bromide. The amplified

pattern was visualized on a UV transilluminator and

photographed. The genetic similarity was calculated

using  the average linkage between groups according

to Lynch .[19]



J. Appl. Sci. Res., 4(4): 345-352, 2008

347

RESULTS AND DISCUSSIONS

Effect of  Growth Regulators on In vitro

Differentiation: The effect of the supplementation of

basal MS-medium with 2, 4-D at 5 and 10 mg/l and

in combination with 3 mg/l of either BA or 2ip on

differentiation of cultured immature zygotic embryos of

date palm are summarized in Table (1). Data has

shown that the morphogenic responses were varied

depending on the type of growth regulators. The

highest percentage of immature embryo germination

(70%) and the highest value of fresh weight of

differentiated cultures (1.30 g) were observed with

medium contained 5 mg/l 2,4-D + 3 mg/l 2ip. The

lowest percentage of germination (20%) and

subsequently the average fresh weight (0.7 g) were

registered on medium contained 10 mg/l 2,4-D.

However, the highest frequency of non-morphogenic

responses was noticed when BA added alone to

culture medium. Addition of 2,4-D alone enhanced

callus proliferation and 60 % of the cultures

proliferated callus on MS- medium supplemented with

10 mg/l 2,4-D. The quick and high morphogenic

potential recorded here may be due to the meristematic

nature of immature embryos as reported by

Tisserat .[20,21]

The results of the present study also reveal that,

2ip is more effective in germination and shoot

proliferation of in vitro cultured immature embryos of

date palm (Fig. 1-A, B). However, relatively high level

of 2,4-D stimulated callus proliferation. Similar

observation was reported by Tisserat  and Saker et[22]

al. .[23]

Effect of Embryo M aturation on In vitro

Differentiation: Data of morphogenic responses of

immature and mature zygotic embryos of date palm

cultured in vitro are presented in Table (2).  As

results indicated, mature embryo was relatively more

potential than immature embryo in their responses to

callus proliferation. Also, the highest percentages of

organogenesis and recovery of plantlets were observed

with mature zygotic embryos of date palm. This may

be due to the high content of endogenous hormones,

storage proteins and carbohydrates in mature embryos.

Inclusion of culture medium with 3 mg/l 2ip strongly

enhanced the in vitro germination of the mature

e m b ryo s ,  s inc e  the  highest percentages o f

organogenesis (85%) as well as the recovery of the

plantlets (75%) were recorded on this medium.

However, the highest value of fresh weight of

differentiated  cultures  was  recorded  when mature

embryos grew on medium contained 5 mg/l 2,4-D +3

mg/l 2ip. It is important here to note that the various

responses of either mature or immature zygotic

embryos to in vitro culture condition were recorded

after relatively short period (3-4 weeks) of culturing,

candidates this simple technique to play a role in date

palm improvement through either genetic manipulation

or traditional breeding programs. The present results

are in accordance with those of Saker et al., .[23]

However, Mater  used medium contained 2 mg/l IAA[24]

+ 2 mg/l Kin for plant regeneration from immature

embryos of date palm. 

Plantlets Development and Acclimatization: Shoots

derived from proliferated zygotic embryos were

transferred into charcoal containing medium for in

vitro elongation and rooting. The plantlets with healthy

root system were successfully transplanted to soil in a

greenhouse (Fig.1C). In this respect, Tisserat[22]

reported that high survival rate  (nearly 100 %) could

be obtained when date palm plantlets with 2-3 foliar

leaves and of shoot length greater than 10 cm (with a

well-developed adventitious root system) were

transplanted in pots containing a mixture of peat moss

and vermiculite. 

Enzymes Activities: As a step  of  identifying

biochemical marker  linked to sex in date palm , the

activities of esterase, peroxidase, acid  phosphatase

and glutamate oxaloacetate (GOT) in adult female,

offshoot female, adult male and two zygotic lines

differentiated in vitro (randomly selected)  were

measured (Table 3). Data of esterase activities

revealed that no clear variation of the five clones of

date palm. However, high level of peroxidasse

activities (1116 and 914 units/g fresh weight) has been

recorded in adult female and offshoot female

respectively. Concerning acid phosphatase and GOT,

there were clearly differences between both of two

female clones and male  clone.  It is important here

to note that there was  strong  similarity between one

zygotic line (1) and the male clone in their activities

of three enzymes (i.e. esterase, acid phosphatase and

GOT). Based on the obtained results, it could be

concluded that acid phosphatasse and GOT activities

can distinguish male from female date palm on

biochemical level and can primarily estimate the sex

type of in vitro differentiated zygotic lines. In this

respect, biochemical markers presented as peroxidase

banding patterns was used for sex  identification  in

papaya  by Saker and Rady . [10]
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Table 1: Effect of different combinations of growth regulators on the in vitro morphogenic responses of immature embryos of date palm
culture on MS medium.

2,4-D BA 2ip Organogenesis Fresh weight Callus formation No response

(mg/L) (mg/L) (mg/L) (%) (g) frequency (%) (%)

0 0 0 40 1.10 ± 0.11 20 40
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 0 0 30 0.85 ± 0.09 40 30
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 0 0 20 0.70 ± 0.20 60 20
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0 3 0 30 0.95 ± 0.12 0 70
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0 0 3 60 1.20 ± 0.30 10 30
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 3 0 35 0.70 ± 0.15 25 40
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 3 0 20 0.75 ± 0.18 40 40
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 0 3 70 1.30 ± 0.08 10 20
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 0 3 50 0.90 ± 0.25 20 30
Each treatment is the average of 20 replicates. ± SE 

Fig. 1: Morphogenesis of date palm: (A) Germination of immature embryos of date palm cultured in vitro. (B)

Shoot proliferation on MS+ 5 mg/l 2,4-D + 3 mg/l 2ip. C-Date palm plantlets adapted to free- living

conditions.
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Table 2: Effect of embryo maturation in combination with selected culture media on in vitro morphogenic responses of zygotic embryos
of date palm cultured on MS medium. 

Organogenesis Callus formation Fresh weight (g) plantlets recovery
2,4-D 2ip (%) frequency (%) (%)
(mg/L) (mg/L) -------------------- -------------------- ----------------------------------- ------------------------

IE ME IE ME IE ME IE ME

0 0 40 60 20 20 1.05 ±0.10 1.20 ±0.15 20 40
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0 3 60 85 10 15 1.25 ±0.20 1.40 ±0.30 20 75
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 3 65 80 15 20 1.33 ±0.09 1.70 ±0.20 25 70
Each treatment is the average of 20 replicates. ± SE 
IE = Immature embryo 
ME = Mature embryo

Table 3: The activity levels of esterase , peroxidase, acid phosphatase and glutamate oxaloacetate(GOT) enzymes in male and female plants
and in vitro differentiated zygotic lines. 

Enzymes
Type of culture --------------------------------------------------------------------------------------------------------------------

Esterase Peroxidase Acid phosphatase GOT
Adult female 160 1116 92 249
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Offshoot female 137 916 79 214
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Adult male 130 350 132 190
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Zygotic tissue culture (1) 138 390 125 180
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Zygotic tissue culture (2) 153 475 71 206

Table 4: The sequence of the selected random primers, total number of amplification products per primer, number of polymorphic bands
and percentage of polymorphism.

Primer Sequence (563 ) Total number of bands No. of polymorphic bands Percentage of polymorphism\ \

K1 TGGCGACCTG 4 3 75
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
K 2 GAGGCGTCGC 1 4 0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
K 3 CCCTACCGAC 5 4 80
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
K4 TCGTTCCGC 5 4 80
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
K5 CACCTTTCCC 4 3 75
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
K6 GAGGGAGAG 3 3 0

Moreover, search for genes associated with sex

chromosome in asparagus had initiated by screening

for enzyme variants encoded by polymorphic loci .[9]

Their results indicated that gene expression in young

male and female flowers is very similar and only later

on differential expression takes place.

RAPD Analysis: The PCR-based markers for sex

prediction in date palm have the advantage that they

are not affected by environmental conditions in which

the plants are grown or by epistasis (gene interaction).

Thus, sex prediction can be done at any developmental

stage of plant growth. In this study, DNA isolated

from adult female, offshoots female , adult male and

two randomly selected clones of zygotic lines

differentiated in vitro were subjected to RAPD

analysis. Six random primers (k1-k6) were screened in

RAPD analysis for their ability to produce sufficient

amplification products (Table 4). 

The results of DNA fingerprints generated by PCR

amplification using the six random primers are

presented in Fig 2 (A, B) and Table (5). The number

of  fragments  generated per primer varied between 1

to 5. The total number of bands was 22 and the

average percentage of polymorphism was 51.6. The

primers k3 and k4 gave the highest numbers of bands

(5) and percentage of polymorphism (80). As shown

in Fig 2 (A, B) and Table (5) some clones are closely

related to each other and have similar patterns of

bands but possess one or more different bands  that

can differentiate between them. RAPD profiles of PCR

products using primer k1 indicated that unique DNA
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Table 5: RAPD  products  of  different  date  palm  clones, generated by PCR amplification using the random primers from K1 to K6.
Primer M.W. of bands (bp) Date palm cultures

-------------------------------------------------------------------------------------------------------------
Male (adult) Female (adult) Female (offshoots) Vitroplant (1) Vitroplant (2)

K1 1 1000 - + - - +
2 700 - + - - -
3 500 + + + - +

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
K2 1 1000 - - - - +

2 800 - + - - +
3 500 - + - - -
4 400 - - - - +

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
K3 1 1000 - - - + -

2 800 + + + - +
3 500 + - - - +
4 400 - + + - -

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
K4 1 700 - + + + +

2 400 - + + - +
3 200 + - - - +
4 100 + + + + +

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
K5 1 900 + - + - -

2 450 + - - + +
3 200 + - - - -

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
K6 1 850 + + + - -

2 700 + - + - -
3 600 + - + - -
4 300 + + + + -

Fig. 2: RAPD profile of adult male, adult female, offshoot female, vitroplant 1, vitro plant 2 from left to right

using random primers K1, K2, and K3 (A) and K4, K5, and K6 (B). M  DNA molecular marker. 

Table 6: Genetic similarity index of male and female plants and in vitro differentiated zygotic lines of date palm.

Clone Adult male Adult female Offshoot female Zygotic tissue culture(1) Zygotic tissue culture(2)
Adult male 100
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Adult female 40 100
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Offshoot female 46 46 100
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Vitroplant (1) 25 27 36 100
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Vitroplant (2) 33 50 50 25 100
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fragment (1000 bp) is present in female clones and

this band is completely absent in the adult male clone.

However, other polymorphic bands were detected

among either male or female clones with other primers

tested. Data of similarity index (Table 6) reveal that

there is low relationship between male and female

clones. Also, female clones are relatively closely

related to each other and they have large number of

homologous bands. Concerning the in  v itro

differentiated cultures, there was high similarity

between each other. Due to the weak relationship of

vitroplants to either male or female clones, we can not

confirm clear link to sex or estimate the sex type of

these unknown clones. 

Our results are in line with those of Soliman et

al.  on date palm. They added, identification of male[25]

variety date palm needs more advanced molecular

studies. In this respect, SCAR has been used

successfully to design markers for sex determination in

hop  and asparagus .  Moreover, Markers were[26] [27]

generated by DNA amplification fingerprinting (DAF)

for male, female and hermaphrodite progenies of a

cross between Khaeg Dum (Thai cultivar) and Richter

Gold (Australian cultivar) . In addition, randomly[28]

amplified polymorphic DNA (RAPD) markers were

also developed for interspecific Carica hybrids . [29]

Abbreviations: BA - N -benzyladenine, CTAB -6

cetyltrimethylammonium bromide,  2,4-D - 2,4-

dichlorophenoxyacetic acid , EDTA - Ethylenediamine-

tetraacetic acid disodium salt, IAA - 3-Indoleacetic

acid,  2iP - 6-(ã,ã-Dimethylallylamino) purine, kin -

Kinetin, MS – Murashige and Skoog  , PVP –

Polyvinylpyrrolidone.
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