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SUMMARY 

 

Discovering its genetic diversity and background is crucial for the date palm (Phoenix dactylifera L.) 

genetic resources management and conservation. In the latest study, the start codon targeted (SCoT) 

molecular marker utilization determined the genetic diversity and set the distinctive genotypes in 10 

seeded date palm (P. dactylifera L.) genotypes. The genotyping attained through SCoT markers 

assessed the genetic variations in the date palm genotypes by the dendrogram. The highest genetic 

similarity of 89% was evident between the date palm genotypes G8 and G9, while the lowest 

similarity of 71% was between the genotypes G10 and G1 and G1 and G8. Overall, 160 bands 

amplified through 10 seeded date palm trees ranged from 150 bp to 1600 bp. Having the lowest value 

of PIC grouped the markers SCoT-02, SCoT-03, SCoT-04, and SCoT-09 into a cluster based on the 

heat map plot. However, the genotypes G4 and G5 are in a cluster along with genotype G6. The 

genetic association stemmed through genetic parameters using PCoA, heat map, and genetic distance. 

These findings can help identify the genetic diversity of anonymous date palm genotypes. 
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Key findings: The results enunciated that the highest genetic similarity of 89% was between the date 

palm (P. dactylifera L.) genotypes G8 and G9, while the lowest value of 71% was between the 

genotypes G10 and G1, and G1 and G8. Overall, 160 bands amplified through 10 seeded date palm 

trees ranged from 150 bp to 1600 bp. The markers of SCoT-02, SCoT-03, SCoT-04, and SCoT-09 were 

in a cluster. The genotypes G4 and G5 were in a cluster along with G6. 

 

 

INTRODUCTION 

 

The date palm (P. dactylifera L.; Family 

Arecaceae) is one of the oldest staple food 

crops that can grow worldwide (Ahmed and Al-

Qaradawi, 2009). It is a dioecious and 

monocotyledon, characterized by having 18 

pairs of diploid chromosomes in its genome (2n 

= 2x = 36), ranking second economically 

among monocotyledons with an approximately 

estimated size of 670 Mb (Al-Dous et al., 

2011).  

 The genetic studies of date palms 

attract little attention compared with other 

crops like cereals and fruits. Dates daily 

consumption worldwide is due to their 

exceptional nutritional value and associated 

health benefits (Bekheet, 2013). In Middle 

Eastern countries, especially Egypt, the 

estimated number of date palm trees is 

approximately 62 million. Egypt leads global 

date production, generating 1,694,813 tons in 

2015–2016, followed by Iran, Algeria, Saudi 

Arabia, and others (FAO, 2016) 

(http://www.fao.org). 

 The identification of date palm 

genotypes depends mainly on morphological, 

biochemical, and molecular markers (El-

Sharabasy and Rizk, 2019; Mahdy and Ahmad, 

2023). The genetic studies explored the high 

diversity of the date palm genome, including 

stress resistance and sugar metabolism-related 

genes; hence, date palms have a considerable 

role in evolution. Recent technological 

proceedings enabled researchers to produce a 

preliminary sequence of commercial date palm 

cultivars that refined to a genome size of 

roughly 670 Mb. Although this draft sequence 

is vital for grasping gene variation, it does not 

offer detailed structural data about the 

genome. This sequence identified the scaffolds 

with polymorphisms associated with date palm 

gender (Hazzouri et al., 2019). However, 

further studies, like searching for selective 

sweeps and quantitative trait loci (QTL), would 

greatly benefit from having the genetic map 

(Hazzouri et al., 2019). A few genome-wide 

studies focusing on P. dactylifera, with a recent 

study conducted in Qatar, presented a draft 

genome assembly using the data from the 

Illumina GAII sequencing platform (Al-Dous et 

al., 2011). Their research estimated the 

genome size at 658 Mb, assembled about 58% 

of that genome (amounting to 382 Mb), and 

predicted 25,059 genes.  

 DNA-based molecular marker 

development has targeted genetic diversity, 

sex determination, cultivar identification, 

phylogenetic study, and the latest various 

innovative and potential marker techniques 

(Bahraminejad and Mohammadi-Nejad, 2015; 

Al-Haidari and Al-Tamimi, 2023). The data 

from the genome sequencing holds great 

promise for developing new markers across 

various crop plant species (Elmeer and Mattat, 

2012). The DNA markers derived from genetic 

variations within the DNA have significantly 

established new findings in different biological 

fields, including taxonomy, phylogenetic 

relationships, and genetics (Dorado et al., 

2017). 

 Start codon targeted polymorphism 

based on the short-conserved region in plant 

genes surrounding the ATG translation start 

codon has been well characterized in previous 

studies (Zhang et al., 2015). SCoT primers’ 

design comes from the short conserved region 

flanking the ATG start codon and serves as a 

single primer amplification reaction for the 

forward and reverse directions (Zhao et al., 

2020). DNA-based markers’ wide use is 

prevalent nowadays in date palm cultivars 

(Chen et al., 2013), with the recent 

development of the Start Codon Targeted 

(SCoT) marker (Poczai et al., 2013; Zhang et 

al., 2015). The application of SCoT markers to 

numerous plant species has included rice 

(Collard and Mackill, 2009), beans (Hromadová 
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et al., 2023), chicory (El-Taher et al., 2023), 

and soybean (Rayan and Osman, 2019). 

 In recent decades, the employment of 

molecular techniques has assessed the genetic 

diversity among date palm cultivars. Saboori et 

al. (2020) studied 113 date palm trees of 13 

cultivars grown in different regions of Iran 

using SCoT markers to examine the genetic 

diversity among and within these date palm 

cultivars. Their results indicated the efficiency 

of SCoT markers in analyzing the date palms’ 

genetic diversity and fingerprinting, specifically 

revealing a high genetic variability within the 

population.  

 Therefore, it suggested utilizing 

modern molecular breeding and biotechnology 

approaches to get detailed information based 

on the genetic content and structure of existing 

germplasm (Al-Khayri et al., 2015). The 

presented study aimed to use the start codon 

targeted (SCoT) molecular markers to 

determine genetic diversity and recognize the 

distinctive genotypes in 10 seeded date palm 

(Phoenix dactylifera L.) genotypes. 

 

 

MATERIALS AND METHODS 

 

The latest research carried out in 2021-22 

proceeded on 10 date palm genotypes 

procured from the Central Laboratory for 

Research and Development of Date Palm, 

Agricultural Research Centre (ARC), Giza, 

Egypt (Table 1). The collected fresh and 

healthy leaf tissues (5 g) of each genotype in 

the Eppendorf tube underwent a study at the 

Agriculture Genetic Engineering Research 

Institute (AGERI), ARC, Giza, Egypt. 

Table 1. List of studied date palm genotypes. 

Genotypes Genotype ID  

Type 01 G1  

Type 02 G2  

Type 03 G3  

Type 04 G4  

Type 05 G5  

Type 06 G6  

Type 07 G7  

Type 08 G8  

Type 09 G9  

Type 10 G10  

 

 

Table 2. SCoT primer name, sequence, and polymorphism information derived from 10 SCoT 

markers. 

Primers Sequence MW Mb Ub Pb Tb P% PIC 

SCoT-02 CAACAATGGCTACCACCC 150-750 11 1 6 17 35 0.11 

SCoT-03 CAACAATGGCTACCACCG 170-690 13 0 5 18 28 0.106 

SCoT-04 CAACAATGGCTACCACCT 210-1600 5 3 15 20 75 0.226 

SCoT-06 CAACAATGGCTACCACGC 170-1100 2 1 9 11 82 0.23 

SCoT-08 CAACAATGGCTACCACGT 180-810 6 2 6 12 50 0.168 

SCoT-09 CAACAATGGCTACCAGCA 210-870 9 1 7 16 44 0.157 

SCoT-11 AAGCAATGGCTACCACCA 190-1100 6 1 11 17 65 0.208 

SCoT-12 ACGACATGGCGACCAACG 210-1500 4 0 13 17 76 0.261 

SCoT-13 ACGACATGGCGACCATCG 220-1400 5 2 9 14 64 0.181 

SCoT-14 ACGACATGGCGACCACGC 180-840 2 3 16 18 89 0.182 

Total  
150-1600 

63 14 97 160 
60 0.193 

Means  6 1 10 16 

Mb= monomorphic, MW= molecular weight, Ub= unique band, Pb= polymorphic band, P%= polymorphism percent, Tb= 

total number of bands, and PIC= polymorphic information content. 
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DNA extraction and start codon targeted 

(SCoT) 

 

Total DNA extraction followed the Zymo 

Research Kit. Electrophoresis checking on 

1.2% agarose gel electrophoresis was at 100 

Volt/30 min. The total DNA, diluted to 10 

ng/μl, gained PCR analysis. Ten SCoT primers’ 

selection followed the method according to 

Collard and Mackill (2009) (Table 2). 

 

PCR amplification and product 

electrophoresis 

 

The PCR reaction performed in a 20 μl reaction 

mixture contained 10 ng template DNA, 200 

μM dNTPs, 250 nM of each primer, 1.5 mM 

MgCl2, 1x PCR buffer, and 1-unit Taq DNA 

polymerase. The PCR amplification ran through 

the Techno thermocycler (Germany) with an 

initial denaturation at 94 °C for 5 min, followed 

by 35 cycles of 94 °C for 1 min, 50 °C to 60 °C 

based on the primers (Table 2) for 1 min, 72 

°C for 2 min, and a final extension at 72 °C for 

5 min before cooling at 4 °C. Amplification 

results visualization run on 2% agarose gel, 

followed by the ethidium bromide staining. A 

100-base pair (bp) molecular size ladder 

(Fermentas, Germany) helped determine the 

fragment size. 

 

Data scoring and analysis 

 

The analysis of the gel of the primers had the 

bands scored with the coding of 0 and 1 as 

absent or present bands, respectively. Using 

the Polymorphism Information Content (PIC) 

calculated for each marker, the basic 

information about molecular markers 

determines their application in genetic 

mapping. The PIC provides an estimate of the 

discriminatory power of a locus by considering 

not only the number of alleles expressed but 

also the relative frequencies of those alleles. 

The PIC values calculation employed by 

Anderson et al. (1993) relied on the following 

equation: 

 

PIC = 1-p2-q2 

Where: 

Pi is the frequency of the ith alleles, and q is 

the null allele frequency.  

 PIC values range from 0 (no 

discriminatory power) to 1 (very high 

discriminatory power). 

 The genetic similarity coefficient (GS) 

between the two genotypes received 

estimation according to the Dice coefficient 

(Sneath and Sokal, 1973). 

 

Dice formula: GSij = 2a/(2a+b+c) 

 

Where GSij is the measure of genetic similarity 

between individuals i and j, a is the number of 

bands shared by i and j, b is the number of 

bands present in i and absent in j, and c is the 

number of bands present in j and absent in i.  

 The similarity matrix used in 

performing the cluster analysis organized the 

observed data into meaningful structures to 

develop taxonomies. The cluster analysis 

computation as the Unweighted Pair Group 

Method with Arithmetic Average (UPGMA) 

method generated a dendrogram for studying 

the relationship among the date palm 

genotypes based on the Dice coefficient 

(Sneath and Sokal, 1973) (Table 3). Heatmap 

plot estimate based on ascendant hierarchical 

clustering depended on Dice distances. Feeding 

all the recorded data to the XLSTAT helped run 

the statistical analysis (Addinsoft, 2023). 

 

 

RESULTS AND DISCUSSION 

 

In this study, the date palm (P. dactylifera L.) 

genotype morphological description followed 

Stearn (1973). This step was critical to 

authenticating these unknown date palm 

genotypes still undocumented before as 

cultivars, which subjects to describe and 

compare derived morphological observations to 

the atlas of the date palm in Egypt (El-

Sharabasy and Rizk, 2019).  
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Table 3. Similarity matrix between 10 date palm genotypes based on Dice coefficient. 

Genotypes 1 2 3 4 5 6 7 8 9 

2 0.80 
        

3 0.83 0.84 
       

4 0.79 0.82 0.82 
      

5 0.80 0.80 0.78 0.81 
     

6 0.73 0.76 0.72 0.79 0.84 
    

7 0.73 0.73 0.73 0.77 0.81 0.84 
   

8 0.71 0.75 0.74 0.77 0.81 0.84 0.88 
  

9 0.72 0.77 0.78 0.81 0.78 0.83 0.84 0.89 
 

10 0.71 0.74 0.73 0.81 0.77 0.81 0.83 0.84 0.83 

Red color indicates low values and green indicates high values. 

 
 

Figure 1. Photographs showing SCoT products of the 10 different seeded date palms using 10 

primers. (From left to right): M= DNA ladder (100bp), 1 to 10= genotypes. 
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Genetic diversity 

 

For further identification, analyzing the 10 

seeded date palm genotypes used the PCR-

based marker technique, SCoT (Figure 1). The 

polymorphism information content (PIC) 

derived from SCoT markers appears in Table 1. 

In total, 160 bands attained amplification 

through 10 seeded date palm genotype trees 

ranging from 150 bp to 1600 bp in size. The 

amplicons ranged from 11 (SCoT-6) to 20 

(SCoT-4), averaging 16 bands per primer. The 

results further revealed that 97 bands scored 

several polymorphic bands, oscillating from 

five bands (SCoT-3) to 16 bands (SCoT-14), 

with an average of 10 bands per primer. The 

polymorphism percent estimated for the primer 

SCoT-14 revealed the highest polymorphism 

(89%), followed by 82%, 76%, and 75% 

scored in the primers SCoT-6, SCoT-12, and 

SCoT-4, respectively. Adawy and Atia (2014) 

reported higher averages for SCoT 

bands/primer than the present investigation 

(16) at 10.1 and 7.1, respectively.

 Estimating the PIC, 10 SCoT primers 

became samples because of the high quality 

and low nonspecific amplification banding 

patterns (Table 2), reflecting the polymorphic 

content of the markers and similar allele 

frequency distribution by comparing with the 

other primers. The presence and quality of the 

amplification products sustained verification on 

agarose gels. The primers SCoT-02 and SCoT-

03 showed the lowest value of PIC (0.11). 

However, the primers SCoT-12, SCoT-04, 

SCoT-06, and SCoT-11 revealed the PIC 

highest values, scoring 0.26, 0.226, 0.23, and 

0.208, respectively. Higher PIC values than 

with the current study came from Akkak et al. 

(2009), ranging from 0.15 to 0.79 in Algerian 

and Californian date palm cultivars. 

Congruently, reports of an average PIC value 

of 0.60 among date palm genotypes from Iran, 

Iraq, and Africa emerged (Arabnezhad et al., 

2011). However, Jaskani et al. (2016) reported 

a PIC mean value of 0.39, which agrees with 

the PIC (0.193) obtained in this research. 

 The obtained data enunciated the 

polymorphism nature of the seeded date palm 

genotypes. The results further revealed this in 

the four primers, SCoT-4, SCoT-6, SCoT-12, 

and SCoT-4, by their percentage of 

polymorphism. These primers have the 

potential for identification and are more 

valuable when converting them into a simple 

sequence PCR-based marker for large-scale 

screening and evaluation. These markers could 

assess the detection of unknown genotypes 

based on the laboratory conditions compared 

with field screening, which is arduous and less 

accurate (Mahdy et al., 2021). 

 

Genetic distance and similarity indices 

 

The genetic similarity estimates with the Dice 

coefficient relied on SCoT markers (Table 2). 

The similarity among the date palm genotypes 

ranged from 0.71 (between G1 and G10) to 

0.89 (between G8 and G9). The phylogenetic 

tree revealed that all the genotypes fall into 

three classes (Figure 2). The first class (CI) 

includes the date palm genotypes G5, G6, G7, 

G8, G9, and G10. The second class (CII) 

contains the genotypes G2, G3, and G4, while 

the third class (CIII) only includes genotype 

GI. The CI falls into one group, while the rest 

of the classes (CII and CIII) fall into a separate 

group. As shown in Figure 2, the cluster 

divided the seeded date palm genotypes into 

two distinct groups at 0.76. Group I (right 

cluster) splits into two subgroups at 0.81. The 

first includes G1, while the second subgroup 

comprises genotypes G2, G3, and G4. Group II 

(left cluster) further incurs division into two 

subgroups at 0.811. The first subgroup 

includes G5 and G6, while the second has the 

rest of the date palm genotypes. Similarly, 

Adawy and Atia (2014) reported high genetic 

similarity among three Egyptian cultivars 

(Zaghloul, Hayani, and Samany) using SCoT 

primers that ranged from 0.85 to 0.95. This 

high genetic similarity among Egyptian date 

palms also acquired confirmation by other 

investigations using different marker systems, 

i.e., RAPD (Soliman et al., 2003), AFLP (El-

Khishin et al., 2003; Adawy et al., 2005), and 

ISSR (Hussein et al., 2005). 
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 The matrix standardization helped 

elaborate the linkage among the studied 

seeded date palm genotypes based on SCoT 

attributes, with the coordinates computed for 

bi-plot mapping using the principal coordinate 

analysis (Figure 3), confirming the results 

derived from the cladogram (Figure 2). The 

results further authenticated that the plotting

 
 

Figure 2. Phylogenetic tree obtained from SCoT markers for 10 date palm genotypes based on the 

UPGMA. From 1 to 10= ID of genotypes (for more details, see Table 1). 

 

 

 
 

Figure 3. PCoA based on SCoT markers. The matrix plot received processing by XLSTAT 2019. From 1 

to 10= ID of genotypes (for more details, see Table 1). 
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Figure 4. Heatmap plot of 10 unknown date palm genotypes derived from SCoT markers using 

ascendant hierarchical clustering based on Euclidian distances. From G1 to G10= ID of genotypes (for 

more details, see Table 1). 

 

of date palm genotypes G2, G3, and G4 was in 

a separate group. The genotypes G9 and G10 

occurred close to each other; however, these 

genotypes could be beneficial to generate new 

promising genotypes with genetic improvement 

by G1 and G5 toward the ‘X’ axis and Class II 

(Figure 2) and the ‘Y’ axis. In agreement with 

the cluster results, Adawy et al. (2005) 

grouped Sewi cultivars in one subcluster, and 

Eissa et al. (2009) grouped Zaghloul and 

Hayani in the same cluster. In contrast, other 

studies that used SSR loci showed diverse 

genetic distances among Sudanese, Moroccan, 

Qatari, Iraqi, Mauritanian, Nigerian, and Saudi 

date palm genotypes (Ahmed and Al-Qaradawi, 

2009). 

 The results implied that SCoT-14 was 

the leading marker by showing the highest 

polymorphism (89%), while the least 

polymorphic marker was SCoT-03, with only 

28% polymorphism (Figure 4). According to 

these findings, the SCot-14 marker can 

efficiently study genetic diversity and identify 

different unknown date palm cultivars. 

Additionally, grouping the markers SCoT-02, 

SCoT-03, SCoT-04, and SCoT-09 into a 

separate cluster was due to having the lowest 

value of PIC (Table 1). However, the date palm 

genotypes G4 and G5 attained grouping into a 

cluster along with genotype G6. The rest of the 

genotypes underwent division into subgroups. 

It was remarkable that a correlation appeared 

from the PCoA, heat map, genetic distance, 

and genetic parameters. The derived results 

indicated that the SCoT markers technology is 

very effective in utilizing the identification and 

genetic diversity of unknown date palm 

genotypes. Saboori et al. (2020) revealed the 

efficiency of SCoT markers in genetic diversity 

analysis and genetic fingerprinting of date 

palms. 

 The scattering of the date palm 

accessions confirmed the highest genetic 

variation in the genotypes. Selection of the 

proper molecular marker for identification is 

very crucial to consider. SCoT markers have 

great potential in germplasm identification and 

can reproduce polymorphisms. The presented 

results indicated that the used markers ably 

and effectively identify the unknown date palm 

genotypes through DNA-based markers. SCoT 

markers have the highest capability to identify 
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specific germplasm. Past studies reported that 

the genetic polymorphism percentage ranged 

from 32% to 37% using various molecular 

markers like ISSR, cp-DNA, and genomic DNA, 

which agrees with SCoT molecular marker 

results reported here (Wu et al., 2013). Based 

on the nature of the SCoT marker, these 

regions could show variations in the coding 

regions and may linked to a functional gene 

(Luo et al., 2011). Therefore, the SCOT private 

bands may be valuable in date palm genetic 

fingerprinting and cultivar identification. 

 Therefore, the approach proved more 

effective in distinguishing the studied date 

palm germplasm and constructing unique DNA 

profiles of each genotype for future use. The 

presented study revealed a broad genetic base 

and suggested that geneticists must review the 

genotypes using various approaches. The 

cultivars’ identification is vital as more than 

500 different registered date palm cultivars 

and unknown genotypes grow in Egypt, and 

their cultivation still depends on the traditional 

approaches. However, detailed information on 

the genetic content can be reproducible using 

molecular markers and biotechnology (Mahdy 

and El-Sharabasy, 2021).  

 Genetic identification is imperative for 

the conservation of the different plant species. 

Therefore, developing a different marker 

system has benefited the assessment of 

genetic diversity and identification of the date 

palm germplasm, as discussed using the 

reproducible SCoT molecular markers for 

seeded date palm genotypes. The SCoT marker 

has potential applications, viz., genetic 

diversity studies, QTL mapping, and bulked 

segregant analysis (Collard and Mackill, 2009). 

However, some studies reported that the 

polymorphism detected by these markers was 

low compared with other markers 

(Bahraminejad and Mohammadi-Nejad, 2015). 

The latest study findings would help molecular 

fingerprinting for germplasm screening, 

identification, and conservation in the future. 

The results show that the date palm genotypes 

have a broad genetic diversity range and, 

therefore, have allocations in numerous 

agroclimatic regions. 

 

 

CONCLUSIONS 

 

The pertinent results showed the efficiency of 

SCoT markers concerning date palm genotype 

identification, their genetic diversity and 

evaluation, and conservation in future 

generations. These markers yield adequate 

detailed data on genetic make-up and can also 

identify the unknown date palm genotypes. 

Thus, assessing genetic diversity among and 

within cultivars would be more beneficial for 

their conservation. The derived results 

indicated that the SCoT markers technology 

was more effective in identifying the genetic 

diversity of the date palm germplasm. 
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