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Abstract 
Date palm is one of the most important economical crops in the world. Sex determination of date palm in early stage is 
a prerequisite for breeding and cultivation. The aim of this study is to validate RAPD and ISSR markers for sex 
identification of date palm genotypes grown under Sudan conditions. DNA was extracted from ten seedlings and five 
male and female plants using CTAB method. Eight primers, six RAPD and two ISSR primers were examined for their 
validation in sex determination of date palm genotypes. PCR amplification was performed using these primers. Four 
RAPD primers OPA02, OPJ-09, RD A02 and RD A21 were amplified male specific band with size of 1000, 1100, 1000 
and 1400 pb respectively, while ISSR markers could not. The specific bands were observed clearly among all male 
genotypes and absent in female samples unknown samples irrespective of genotypes. Our results could be useful for 
sex determination of date palm sex in seedling stage and would promote date palm cultivation and production. 
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Introduction 
Date palm (Phoenix dactylifera L) is diploid 
(2n=36), monocotyledonous plant [1], considers 
an important member of the family Arecaceae 
which contains 200 genera and 500 species [2]. It 
is native to North Africa and the Middle East and 
now distributed in Australia, India, Pakistan, 
Mexico, Southern Africa, South America, and the 
United States [3]. Date palm is a dioecious plant 
species, flowers are unisexual where females and 
males found on separate plants [3]. Female plants 
only can produce fruits, where male plants can be 
used as resource of pollen grains. Date palm fruit 
contains high nutritional value including vitamins, 
minerals and rich in sugar in contradictory to 
proteins and fats [4]. Additionally leaves and 
stems of date palm trees can be used as a shelter 
and animal foods [4]. In Sudan date palm mainly 
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cultivated in Northern parts of Sudan for more 
than 3000 years with some existence in Kordofan 
and Darfur [5]. There are many varieties have 
been cultivated in Northern States including 
BARAKAWI ,GONDALLA, BIT TAMOUD, KULMA, 
ABDELRAHIM ,TUNISI JAW, MISHRIG/ WAD 
LAGGAI, WAD KHATEEB and MEDINA. The total 
production of both dry and soft dates in Northern 
States was estimated by 182000 tons of annual 
production [6].The sex of plants is important in 
planting of date palm plant; hence, it is difficult to 
differentiate between male and female plants 
phenotypically before flowering which takes 4 to 5 
years. One male is capable of pollinate 90-100 of 
females in the field [7]. Morphological 
identifications can be carried out only by the 
flowers of the tree using several specific features 
in any sex including the long of stamens [8]. 
Therefore, the sex determination in the seedling 
stage is very important for breeding. There is a 
lack of information regarding the genetics of date 
palm. Several cytological studies have showed 
heteromorphic chromosome pair in male plants 
and different appearance of sexual chromosomes 
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in date palm [7]. Although the results were useful 
to distinguish between male and female date 
palm, and recently DNA fingerprinting techniques 
have been considered as reliable and quick 
methods for sex determination in date palm plants 
[8]. Several kinds of DNA markers are now widely 
used in evaluation of genetic diversity as well as 
sex determination in plants.  
Random Amplified of Polymorphic DNA (RAPD) is 
a dominant, PCR based marker used to detect 
random amplified polymorphism in DNA [9]. 
RAPD was developed by [10], using single primer 
with arbitrary nucleotide sequence for detecting 
the polymorphism in the specific nucleotide 
sequence. RAPD primers have the ability to 
detect the polymorphism and gave a reproducible 
result [11]. It has been used in the genetic 
diversity studies in economically important food 
crops such as wheat [12], Rice [13], Sorghum 
[14]. Several studies have shown the 
effectiveness of RAPD marker in the term of 
detecting the polymorphism between and among 
different populations [15].On the other hand 
RAPD marker has been used to determine the 
sex in many dioecious plants such as Carica 
papaya L [16], Salix viminalis L [17] and 
Simarouba glauca [18]. In date palm RAPD was 
used for genetic diversity studies [19] and sex 
determination [20]. Date palm genome has a 
region linked to gender which had been identified 
a few years ago, in this region there are sex 
determination sequences [21]. Date palm is 
heterogametic sex (XY) in male over and above 
there is significant polymorphism in the alleles of 
male and female which can be helpful in the 
process of sex determination [22]. XY 
chromosome and heterogametic male’s theory 
were supported experimentally and had revealed 
that males were heterozygote in three loci that are 
linked to sex [23]. A previous study illustrated 
methods for sex-determination of a date palm 
plant using sex chromosome. The sex of a date 
palm plant may be genetically determined by 
presence or absence of the date palm SRY [24]. 
Inter simple sequence repeats (ISSR) is a 
dominant marker depends on the polymerase 
chain reaction (PCR) using one primer 
complementary to a target microsatellite [25]. In 
ISSR marker, the reaction begins in two identical 
microsatellites repeat regions (16 – 25 bp long) 
oriented in opposite direction [26]. The ISSR 
considered as an ideal molecular marker because 
it’s a hold the features of AFLP markers and 
simple sequence repeats (SSR) [27]. ISSR 
marker has been used widely to assess genetic 
diversity and genome analysis in plants because it 
is a simple, easy, and quick assay to perform [28]; 
[29]. Previous reports showed the useful of ISSR 

marker for genetic diversity evaluation among 
date palm genotypes [30, 31]. The results of using 
IS A02 and IS A71 marker were very promising, 
the banding pattern profile  provide a clear bands 
with different base pairs long giving a strong 
determination of the sex [31].  
The main objective of this study is to revalidate a 
number of RAPD and ISSR markers for sex 
determination of date palm genotypes grown 
under Sudan conditions.  
 
Material and Methods 
Plant Materials  
Five varieties of date palm fruits (BARAKAWI, 
GONDALLA, KULMA, MISHRIG and WAD 
LAGGAI) were bought from Bahri market, 
Khartoum State. Seeds were collected from fruits 
and germinated in plastic bags for six months at 
Department of Botany and Agricultural 
biotechnology, Faculty of Agriculture, University of 
Khartoum. Leaves samples were collected from 
ten seedlings and five male and female plants, 
and then used for DNA extraction. 
Genomic DNA Extraction   
Genomic DNA was extracted from leaves using 
CTAB (cetyltrimethyl ammonium bromide) 
extraction method reported by [32] with slight 
modifications. Quality and quantity of extracted 
DNA were estimated by gel electrophoresis 
(0.8%) and Nano-drop. The extracted genomic 
DNAs were used as a template for PCR 
amplification. 
PCR amplification  
Eight primers, six RAPD primers and two ISSR 
primers were used for amplification and their 
sequences were listed in Table 1.  
 

Table 1. 
Primers used for PCR amplification 

 
Primer Sequences  (5´ ➙  3´) Tm 

(◦c) 

RD A01 AGCAGCGCCTCA 40 

RD A02 GCCAGCTGTACG 40 

RD A21 GTGACCGATCCA 32 

RD A23 AAGTGGTGGTAT 34 

ISA02 GAGAGAGAGAGAGAGAGAC 57.3 

IS-A71 CACACACACACACACACG 56.1 

OPA02 TGCCGAGCTG 34 

OPJ-09 TGAGCCTCAC 32 

 
PCR amplification was performed with extracted 
genomic DNA for sex determination using 5x HOT 
FIREPol® Blend Master Mix Ready following 
manufacturer’s instructions. PCR reaction was 
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carried out in 20 μl reaction mixture containing 4μl 
of 5x HOT FIREPol® Blend Master Mix Ready, 20 
picmole primers, 2 μl of genomic DNA and 13.2 μl 
dd H2O.  The PCR reactions were conducted for 
an initial denaturation at °C for 2 min, followed by 
40 cycles of 1 min at 94 °C, 1 min at 42 °C, and 2 
min at 72 °C, and final extension at 72 °C for 7 
min for the following primers (RD A01, RD A02, 
RD A21 and RD A23). The PCR reactions were 
conducted for an initial denaturation at 94 °C for 2 
min, followed by 40 cycles of 1 min at 94 °C, 1 
min at 36 °C, and 2 min at 72 °C, for OPA02 and 
OPJ-09 primers, 1 min at 94 °C, 1 min at 53 °C, 
and 1.5 min at 72 °C and final extension at 72 °C 
for7 min   for ISA02, IS-A71 primers. PCR 
products were separated by gel electrophoresis 
on 0.8 % agarose gels, stained with ethidium 
bromide and visualized with the UV 
transilluminator. 
 
Results and Discussions 
Due to idiocy, date palm progenies contain equal 
proportion of male and female plants with no 
certain way to differentiate male and female plants 
before flowering which usually takes 5 - 10 years 
after cultivation [33]. Thus, it is very important to 
develop some molecular markers for sex 
determination in date palm at early stages. 
Molecular markers such as SSR, ISSR and RAPD 
have been used for sex determination in many 
plants. These tools will greatly assist breeding 
programs [34]. The current study is aims to 
examine the validation of some DNA molecular 
marker (RAPD and ISSR), which have been used 
previously on other cultivars. RAPD and ISSR 
primers used in this study have been used 
previously by [1], [35] and [36] for sex 
determination in date palm genotypes. The DNA 
concentration of 15 date palm accessions ranged 
from 0.59 to 22.25 ng/ μl and purity ranged from 
1.01 to 1.87 (Table 2).  

In this study DNA was amplified by six RAPD 
primers and two ISSR primers (Table 1) to check 
their validation in sex determination of date palm 
genotypes (three male and female as well as nine 
unknown) grown under environmental conditions 
of Sudan. 
 

Table 2. 
DNA purity and Concentrations 

 
No. Sample Ratio of 

A260/A280 
Quantity of 

DNA 
(ng/μl) 

1 M1 1.67 5.37 
2 M2 1.74 10.31 
3 M3 1.75 19.93 
4 M4 1.73 13.06 
5 M5 1.74 22.25 
6 F1 1.87 19.92 
7 F2 1.82 10.17 
8 F3 1.67 5.58 
9 F4 1.86 44.07 

10 Un1 1.86 19.75 
11 Un2 1.81 5.78 
12 Un3 1.84 5.57 
13 Un4 1.55 1.06 
14 Un5 1.78 9.91 
15 Un6 1.76 21.11 
16 Un7 1.01 0.59 
17 Un8 1.76 6.35 
18 Un9 1.73 4.49 

M= Male , F=Female , UN=Unknown  
 
The date palm genotypes were subjected to the 
genomic PCR analysis to identify potentiality of 
these markers in sex determination. All RAPD 
primers were produced multiple bands ranging in 
size from 150 bp to 1300 bp indicating 
polymorphism among genotypes. The number of 
amplicon bands varied from 2 to 8 bands per 
primer (Table 3). 

 
Table 3.  

Number of amplicons of six primers based on RAPD 
 

Primers  M1 M2 M3 F1 F2 F3 U1 U2 U3 U4 U5 U6 U7 U8 U9 Total

OPA02 7 4 6 4 5 5 7 7 6 6 7 7 7 7 7 92 

OPJ-09 6 7 6 5 4 3 7 7 7 7 8 7 8 6 7 95 

RDA01 5 4 4 2 3 4 5 6 6 5 6 5 6 6 6 73 

RDA02 2 3 3 2 2 0 3 3 2 4 4 4 4 4 3 43 

RDA21 4 5 0 3 4 4 6 6 6 6 6 6 6 6 6 74 

RDA23 4 3 3 3 3 3 4 3 4 4 4 3 4 4 4 53 

M= Male , F=Female , UN=Unknown
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A conserved fragment of ~ 450 bp was amplified 
by OPA 02 primer, while two conserved fragments 
of ~ 750 and 900 bp were amplified by OPJ09 
primer in all genotypes (Figure 1.a and b). In 
addition to that there were extra four conserved 
fragments amplified by the rest of RAPD primers 
ranging in size from 200 to 600 bp. Of all the 
RAPD primers four  OPA02, OPJ-09, RDA02 and 
RDA21 were succeed to amplify a unique band  in 
all male genotypes but not in all female genotypes 

indicating its specificity with male sex in date 
palm. While two RAPD primers (RD A01and RD 
A23) could not amplified a unique band in male or 
female genotypes. RAPD primer OPA02 amplified 
a male specific fragment of size 1000 (Figure 1 a), 
which is consisting with previous obtained results 
by [1] using same primer. OPJ-09 primer amplified 
a male specific fragment of size 1000 bp (Figure 1 
b) and this was in contrary to results reported by 
[1].

 

 

Figure 1. RAPD profiles of male, female and unknown genotype using OPA02 (a) and OPJ-    09(b) primer .the 
arrow point a unique band related to Male ,M: Molecular marker (1500 bp), M1-M3: Male genotype, F1-F3: Female 

genotype,UN1-un9: Unknown genotype. 
  
This is might be due to the genotypes differences. 
In comparison to reported results using this 
primer, our results would be better for sex 
determination in date palm plants. In addition 
RDA02 primer amplified a male specific fragment 
of size 1000 bp (Figure. 2 a), this in agreement 
with the results of previous report in date palm 
plant [35]. RDA21 primer amplified two male 
specific fragments of 1000 and 1400 bp (Figure. 2 
b). In contrast [35] amplified a band with RDA21 
of size 900 bp. There is a huge difference in date 
palm cultivars grown under environmental 
conditions of Sudan [2]. Nevertheless each single 
primer from the four valid primers succeeded to 
amplify male specific fragments in all genotypes 
under study. Differences in band size comparing 
with the previous studies maybe due to the 
differences in genotypes. On the other hand 
RAPD profile can be vary between laboratories 

due to the reaction condition [37]. The amount of 
the DNA template also play important role in 
generating the banding pattern profile and acquire 
a reproducible results. Moreover differences in 
primer concentrations may affect the appearance 
of some bands [38].The study failed to generate a 
specific band that is related to the sex of date 
palm plant during the usage of the ISSR primers. 
That was in contrary to what had reported in [36]. 
Who used the same primer and succeed in 
obtaining unique bands that are related to male in 
the case of IS-A17, and female in the case of 
ISA02. There is a several parameters consider 
hindrances to ISSR primer. Low temperature has 
negative impact on the banding pattern leads to 
appearance of a smear in the gel [25]. In our case 
the effect of low temperature was observed 
clearly. 
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Figure 2. RAPD profiles of male, female and unknown genotype using RD A02 (a) and RDA21(b) primer .the 
arrow point a unique band related to Male ,M: Molecular marker (1500 bp), M1-M3: Male genotype, F1-F3: Female 

genotype,UN1-un9: Unknown genotype. 
 
 
This study represents the first report of using 
RAPD and ISSR markers for sex determination of 
date palm plants at the early stage in Sudan. The 
current study was concluded the validation of four 
RAPD primers in terms of date palm sex 
determination. It could contribute to improving 
genetic breeding program of date palm, leading to 
enhance quality and quantity of dates. Further 
study need to be conducted to reveal the 
sequence of the target fragments and specific 
primers will be designed for sex determination. 
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