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Abstract: The date palm (Phoenix dactylifera L.), 2n=36, is a dioecious long-lived monocotyledonous plant, with separate 

male and female trees. The dioecy represents the major challenge in development of breeding programs as it is impossible to 

distinguish tree gander till they flower approximately five to eight years after planting. Although, during the past two decades 

numerous attempts to develop molecular markers can discriminate among male and female trees in date palm. But, to date, 

sex-differentiation mechanism is still uncertain and there is no reliable way to determine the sex of date palm plants before 

reproductive age across all cultivars. Here, we employed an effective three novel gene-targeting marker approaches (SCoT, 

CDDP and ITAP) in additions to AFLP, in an attempt to develop a novel set of reliable sex-specific PCR-based markers can 

helping in early gender determination in Egyptian date palm trees. A set of 26 SCoT, 21 CDDP, 18 ITAP and 14 AFLP 

primers/primer combinations (PCs) were applied against twelve date palm genotypes belonging to three superior Egyptian date 

palm cultivars to identify any sex-specific markers. Four SCoT (SCoT1, SCoT24, SCoT26 and SCoT35), two CDDP (CDDP4 

and CDDP6), one ITAP (ITAP-8/1) and one AFLP (AFLP-4/1) primer/PC exhibited differential fragments/bands between males 

and females. These differential bands were gel extracted and cloned for subsequent sequencing analysis. Three of the sequenced 

bands found to be contain more than one sequence. BLAST analysis results indicated that the eleven sequences generated from 

different gene-targeting marker systems (SCoT, CDDP and ITAP) revealed main similarity with master transcription factors, 

transcriptional activators/repressors and regulatory proteins involved in plant hormone signal transduction pathways, plant 

development and biosynthesis of secondary metabolites, playing important role in different types of abiotic and biotic stresses in 

date palm or oil palm. We speculate that kind of similarity is not just a coincidence. Our results reveals hypothesis that sex 

differentiation is a complex but well-organized process that involves endogenous and exogenous factors regulate and control the 

changes in gene expression, physiology, metabolism and architecture of the plant. These results represent the first case-study 

focusing on the applications of CDDP, ITAP and SCoT techniques as a novel gene targeting markers in sex-determination in date 

palm. Moreover, indicate that sex-differentiation process have to be addressed at system biology level for deep and better 

understanding. This developed sex-specific markers expected to be helpful in distinguish the gander in date palm at earliest 

stages. 
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1. Introduction 

Date palm (Phoenix dactylifera L., 2n= 2x = 36) is a 

dioecious, perennial, monocotyledonous fruit tree that 

belongs to the family Arecaceae. Date palm has been 

cultivated for at least 7,000 years and is believed to have 

originated in Mesopotamia [1]. The date palm trees are 

cultivated not only for their valuable fruits (dates), but also 

for producing fuel, fiber and as shelter for ground crops. 

Therefore, it has a major socioeconomic importance 

especially in the Middle East, North Africa and to a small 

extent in California and Mexico. The tree plays an 

important role in the development of sustainable agriculture 

in many drought and saline-affected regions of the world [2, 

3]. 

Date palm is an important economic crop in Egypt where 

the world’s largest producer over the last two years is Egypt 

with 1,470,000 mt followed by Islamic Republic of Iran 
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(1,066,000 mt) and Saudi Arabia (1,050,000 mt) [4]. 

In date palm, long juvenility and dioecy presents a 

challenge in their breeding programs because it is 

impossible to distinguish trees gander until they flower 

approximately 5 to 8 years after planting [5]. The 

conventional techniques such as the morphological 

screening could be applicable, but particularly when the 

fruits are ripe.  

Date palm species is commonly propagated by offshoots 

and by seeds. For both approaches, extremely slow growth 

of seedlings and offshoots does not allow the use of 

classical breeding techniques; it takes 8–10 years before 

plants produce fruit. Moreover, healthy date palm tree 

usually not producing more than 10–40 offshoots during its 

lifetime (depending on the cultivar and the environmental 

conditions). Although, seed germination is the easiest but 

seedlings may take up to 10 years before flowering and 

fruiting. Usually the progeny derived from seeds are 

heterozygote and do not carry the same mother characters. 

Moreover, offspring from seeds are approximately equally 

split between males and females; however, many fewer 

male plants as pollen donors are generally required as 

compared with female plants (one male is used to hand 

pollinate about 90–100 females) [6]. 

During last decades, serious efforts have been paid in an 

attempt to understanding the basis of sex determination/ 

differentiation in date palm and to develop methods can 

identifying the gender at an early stage. This studies 

included the uses of isozymes [7], peroxydases [8], 

molecular marker tool such random amplified polymorphic 

DNA (RAPD) [9, 10], PCR-based restriction fragment 

length polymorphism (PCR-RFLP) approach [11], 

microsatellites [12], and recently; PCR-based approaches 

(RAPD and SCoT) [13]. 

In this paper, for the first time, we employed different 

molecular marker systems including a novel gene-targeting 

marker approaches; Conserved DNA-Derived Polymorphism 

(CDDP), Start Codon Targeted Polymorphism (SCoT) and 

Intron-Targeted Amplified Polymorphism (ITAP), in 

additions to Amplified Fragment Length Polymorphism 

(AFLP), in an attempt to develop a novel set of sex-specific 

PCR-based markers can helping in early gender 

determination in Egyptian date palm trees. 

2. Materials and Methods 

2.1. Plant Material 

Twelve samples representing the male and female of three 

Egyptian cultivars (two plants from each gender) were 

subjected to molecular analysis. Two additional samples were 

prepared to represent bulked males and bulked females.   

High-quality genomic DNA was extracted from fresh 

leaves (100 mg) of all collected plants using a DNeasy Plant 

Mini Kit (QIAGEN, Santa Clarita, CA) and according to the 

manufacturer’s protocol. The DNA was quantified with 

NanoDrop Spectrophotometer (Thermo Fisher Scientific Inc.). 

All samples were adjusted to a concentration of 10 ng/µl for 

subsequent analyses.  

2.2. Start Codon Targeted Polymorphism (SCoT) Analysis 

SCoT-PCR was performed as described by [13]. A new set 

of 26 18-mer primers (Not the same set used by [13]) were 

used against the twelve date palm samples in addition to the 

two bulks in order to identify any sex-specific markers. 

2.3. Conserved DNA-Derived Polymorphism (CDDP) 

Analysis 

A total of 21 CDDP primers were tested against the twelve 

date palm samples and two bulks. These primers were 

originally developed by [14]. PCR reaction was performed 

also as described by [14]. 

2.4. Intron-Targeted Amplified Polymorphism (ITAP) 

Analysis 

A total of 18 ITAP primer combinations were tested against 

the twelve date palm samples and two bulks. These primer 

combinations were originally developed by [15]. PCR 

reaction was performed as described by [15]. 

2.5. Amplified Fragment Length Polymorphism (AFLP) 

Analysis 

The AFLP analysis was performed using the AFLP® 

Analysis System II (Invitrogen, USA) as described by [16]. 

Among 24 AFLP primer combinations (PCs) were initially 

tested on male and female samples, the best fourteen PCs were 

chosen on the basis of the number of bands, clarity of pattern, 

and distribution on the gel. These were tested again on the 

twelve date palm samples in addition to the two bulks.   

2.6. Cloning of the PCR Product and Transformation 

The fragments that exhibited differential pattern between 

males and females in following marker techniques (SCoT, 

CDDP and ITAP) were extracted from agarose gel using 

QIAquick Gel Extraction Kit (QIAGEN, Santa Clarita, CA) or 

from polyacrylamide gel (AFLP) according to [17]. Then the 

purified PCR products were cloned to pGEM®-T Easy Vector 

System (Promega) according to the manufacturer's 

instructions and transformed to DH5-alpha E. coli competent 

cells for subsequent sequencing analysis.  

Positive transformants/colonies were verified using PCR 

approach. Then plasmid miniprep was performed of positive 

clones to harvest the vectors potentially with insert using 

QIAprep® Miniprep purification kit (QIAGEN, Santa Clarita, 

CA). 

2.7. DNA Sequencing and Data Analysis 

Sequencing of candidates of pGEM®-T Easy Vector with 

SCoTs, CDDPs, ITAPs and AFLPs inserts were accomplished 

with an ABI310 DNA sequencer (Applied Biosystems, 

Norwalk, Conn.) by using synthetic primer complementary to 

the vector sequences flanking the multiple cloning sites (M13 
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forward primer). To confirm that each differential 

band/amplicons not containing more than one sequence with 

the same molecular size; eight verified positive clones were 

subjected for DNA sequencing analysis.  

The sequence reads were aligned, using ClustalW multiple 

sequence alignment algorithm [18], against the Qatari date 

palm genome. BLAST analysis [19] was used to identify the 

regions among the reads that were not well aligned with the 

reference sequence (or the vector backbone) by an NCBI DNA 

sequence database search. A homology search was performed 

using BLASTX against the NCBI protein database 

(http://www.ncbi.nlm.nih.gov). 

3. Results 

3.1. Molecular Markers Analysis 

Out of seventy-nine primers and/or PCs representing three 

gene targeting marker types (26 SCoT, 21 CDDP and 18 ITAP) 

in addition to 14 AFLP PCs, were applied against the fourteen 

date palm samples; four SCoT primers (SCoT1, SCoT24, 

SCoT26 and SCoT35), two CDDP primers (CDDP4 and 

CDDP6), one ITAP PC (ITAP-8/1) and one AFLP PC 

(AFLP-4/1) successfully revealed a differential amplicons can 

clearly distinguish between fourteen male and female samples 

belonging to the three Egyptian date palm cultivars (Fig. 1). 

 

Figure 1. The differential amplicons pattern generated from SCoT, CDDP, 

ITAP and AFLP marker types showing their power to distinguish between 

male and female samples belonging to the three Egyptian date palm 

cultivars. Samples: 1M= male Zaghloul-1, 2M= male Zaghloul-2, 3M= male 

Hayani-1, 4M= male Hayani-2, 5M= male Samany-1, 6M= male Samany-2, 

1F= female Zaghloul-1, 2F= female Zaghloul-2, 3F= female Hayani-1, 4F= 

female Hayani-2, 5F= female Samany-1 and 6F= female Samany-2. BM= 

Bulk of males and BF= Bulk of females.  

3.2. Sequencing Data Analysis 

In order to identify if the amplicons differentially isolated 

from different marker types (SCoT, CDDP, ITAP and AFLP) 

carry one or more than one sequence, eight verified positive 

colonies were selected randomly for sequencing. The vector 

sequence was initially removed from all generated sequences. 

Then, local sequence alignment was done using ClustalW 

software, which showed that the differentially isolated 

amplicons/fragments (SCoT1, SCoT24, CDDP4, ITAP-8/1 

and AFLP-4/1) contain only one sequence per 

amplicons/fragment. While, SCoT26 and CDDP6 differential 

isolated amplicons contains two sequences per each 

amplicon/fragment. Meanwhile, SCoT35 differentially 

isolated amplicon contain three different sequences per 

amplicon/fragment.   

The best way to identify and characterize an unknown 

sequence is to see if that sequence already exists in a public 

database (Genbank). MegaBLAST, discontiguous-Mega- 

BLAST, and BLASTn web-tools were used to accomplish this 

goal. Moreover, the sequences were also subjected to the 

BLASTx analysis which compares translational products of 

the nucleotide query sequence to a protein databases. The 

BLASTn analysis results generally indicated that eleven 

sequences generated from different gene-targeting marker 

systems (SCoT, CDDP and ITAP) revealed medium to high 

degree of similarity with well-defined sequences/genes in date 

palm or oil palm genomes (Table 1). On the other hand, the 

BLASTn analysis result of the sequence generated from AFLP 

revealed no similarity with any gene/protein in date palm or 

oil palm genomes. 

The BLAST results of SCoT sequences against genbank 

database revealed that SCoT-1 showed high degree of 

similarity (99%) and query coverage (82%) with shikimate 

O-hydroxycinnamoyl-transferase-like in date palm (Phoenix 

dactylifera). While, SCoT24 showed good degree of 

similarity (58%) and high query coverage (91%) with 

probable indole-3-acetic acid-amido synthetase GH3.8 in oil 

palm (Elaeis guineensis). Whilst, SCoT26 which carry two 

different sequences; SCoT26-1 showed high degree of 

similarity (98%) and query coverage (97%) with cysteine-rich 

repeat secretory  protein  38-like and SCoT26-2 showed 

good degree of similarity (50%) and high query coverage 

(100%) with zinc finger protein 1-like in date palm. Whereas, 

SCoT35 which carry three different sequences;  SCoT35-1 

showed good degree of similarity (55%) and high query 

coverage (99%) with trihelix transcription factor GTL1-like, 

SCoT35-3 showed high degree of similarity (88%) and query 

coverage (99%) with probable methyltransferase PMT28, and 

SCoT35-5 showed good degree of similarity (35%) and high 

query coverage (97%) with probable WRKY transcription 

factor 65 in date palm genome (Table 1). 

The total number of generated sex-specific markers from all 

marker types was twelve markers; six markers (50%) were 

male-specific markers (SCoT1, CDDP4, CDDP6-1, CDDP6-2, 

ITAP-8/1 and AFLP-4/1) and six markers (50%) were female- 

specific markers (SCoT24, SCoT26-1, SCoT26-2, SCoT35-1, 

SCoT35-3 and SCoT35-5) (Table 1). 
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Table 1. Primer code, product length, sex linked, BLASTn (query cover, E-value and identity), BLASTx (query cover, E-value and identity), gene/protein hit and 

KEGG ID or NCBI- GeneID of all differentially sequenced fragments generated from different marker systems (SCoT, CDDP, ITAP and AFLP) distinguishing 

between males and females in belonging to three Egyptian date palm cultivars.  

Primer 

Code 

Product 

Length 

(bp) 

Sex 

linked 

BLASTn BLASTx 

Gene/Protein Hit 

KEGG ID 

or NCBI- 

Gene ID 
Query 

Cover 
E value Identity 

Query 

Cover 
E value Identity 

SCoT1 553 M 82% 0.0 99% 82% 5e-99 98% 
Shikimate O-hydroxycinnamoyl- 

transferase-like [Phoenix dactylifera] 
K13065 

SCoT24 699 F 58% 2e-165 91% 47% 2e-59 93% 
Probable indole-3-acetic acid-amido  

synthetase GH3.8 [Elaeis guineensis] 
K14487 

SCoT26-1 597 F 98% 0.0 97% 76% 5e-87 93% 
Cysteine-rich repeat secretory protein  

38-like [Phoenix dactylifera] 
103696165 

SCoT26-2 1245 F 50% 0.0 100% 50% 2e-85 100% 
Zinc finger protein 1-like  

[Phoenix dactylifera] 
103719020 

SCoT35-1 1550 F 55% 0.0 99% 52% 8e-128 85% 
Trihelix transcription factor GTL1-like 

[Phoenix dactylifera] 
103718752 

SCoT35-3 586 F 88% 0.0 99% 79% 3e-18 99% 
Probable methyltransferase  

PMT28 [ Phoenix dactylifera] 
103702721 

SCoT35-5 1420 F 35% 2e-120 97% 22% 1e-08 67% 
Probable WRKY transcription factor 65 

[Phoenix dactylifera] 
103713754 

CDDP-4 195 M 40% 8e-32 100% - - - 
Ethylene-responsive transcription factor 

4-like [ Phoenix dactylifera] 
103705587 

CDDP-6-1 605 M 23% 5e-39 89% - - - 
Phosphoenolpyruvate/phosphate trans- 

locator 1 (PPT1) [Phoenix dactylifera] 
103708170 

CDDP-6-2 608 M 60% 6e-26 68% - - - 
Regulatory protein NPR1-like  

[Elaeis guineensis] 
K14508 

ITAP-8/1 731 M 20% 4e-16 80% - - - 
Eukaryotic translation initiation factor 

4E-1-like [ Phoenix dactylifera] 
K03259 

AFLP- 4/2 240 M 97% 1e-109 99% - - - 
Uncharacterized LOC103710036 

[Phoenix dactylifera] 
- 

 

The above results generally indicated that the eleven 

sequences generated from different gene-targeting marker 

systems (SCoT, CDDP and ITAP) revealed mainly medium to 

high degree of similarity with transcription factors, 

transcriptional activators/repressors and regulatory proteins 

involved in plant hormone signal transduction pathways, plant 

development and biosynthesis of secondary metabolites 

playing important role in different types of abiotic and biotic 

stresses in date palm or oil palm. 

The role for each gene/protein from those showed high 

similarity with our differentially sequenced markers in plant 

development or abiotic and biotic stresses resistance/tolerance 

will be discussed in details later.    

4. Discussion 

Early sex identification of female date palm trees (which 

produce dates) would allow new breeding approaches via 

controlled crossings and facilitate marker-assisted selection 

(MAS). For these reasons, sex-linked markers have been 

sought in date palm for decades [20].  

4.1. Previous Identification of Sex-linked Markers in Date 

Palm    

Nowadays, [21] developed the first male-specific 

cytogenetic marker using fluorescence in situ hybridization 

(FISH) localization of 45S rDNA in Egyptian date palm trees 

(cv. Zaghloul and Siwi). Recently, [13] employed for the first 

time SCoT technique as gene-targeting marker system in 

addition to RAPD to identify any sex-linked markers in 

Egyptian date palm. They identified two SCoT and four 

RAPD sex-specific markers. While, [12] employed the 

microsatellites marker system for the first time to identify 

three male-specific SSR markers tested on date palm 

genotypes collected from different geographic origin (Tunisia, 

Morocco, Italy, Djibouti, Oman, Syria and Iraq) with clearly 

ignoring for Egyptian genotypes (which produce about 20% 

of global dates). While, [11] identified male-linked markers, 

but this markers still requires confirmation, as the markers 

were validated only in a small sample and with an 

unsatisfactory accuracy of 90% [12]. 

4.2. Utility of Gene-targeting Marker Systems   

On the basis of the characterization of plant genes and gene 

families, new methods have been developed to analyze 

genetic diversity based on genomic database mining.  

Following this, many recent studies have suggested that 

polymorphism in functional regions of the genome should be 

exploited to achieve better estimates of genetic relationships 

that are relevant to plant breeding or germplasm conservation 

[22, 23]. 

In 2009, Collard & Mackill developed two gene-targeting 

marker systems called: start codon targeted polymorphism 

(SCoT) and conserved DNA derived polymorphism (CDDP). 

This markers uses single short primers to generate useful 

genetic markers across functional domains of 

well-characterized plant genes [13, 14]. Another recently 

developed technique, Intron-Targeted Amplified 

Polymorphism (ITAP), is based on the fact that intron 

sequences are generally less conserved than exons, and 
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display polymorphism due to length and/or nucleotide 

variation in their alleles. Primers designed to anneal in 

conserved exons to amplify across introns can show length 

polymorphism in the targeted intron [24]. These markers may 

provide valuable new tools for genetic diversity assessment of 

germplasm collections as well as in other fields of plant 

science and breeding. However, the utility of these markers 

has yet to be thoroughly addressed. 

The employment of these markers systems in sex 

determination studies in dioecious plants represent a new 

challenge to investigate the powerful for these type of markers 

in such studies. Our results confirm that the three marker 

systems; SCoT, CDDP and IT markers are suitable for 

characterizing and differentiating between the two ganders in 

date palm and that they can possibly also used in other 

dioecious plants, alone or in combinations. The successful 

transferability and cross-species amplification of IT markers 

may result from the relative conservation of exon–intron 

junctions and gene structures across plants.  

Moreover, it is also possible to tag resistance 

mechanism-related genes with the CDDP and ITAP systems 

because both systems use primers based on allele sequences of 

functionally characterized genes, and thus specific banding 

patterns corresponding to plant phenotypes can be identified. 

Across functional domains of well characterized plant genes 

these short tags can then generate informative banding 

patterns that have many uses, e.g., germplasm genetic 

diversity assessment, or mapping and trait association studies 

[24, 25].  

4.3. Understanding of Developmental Biology in Plant 

In all complex organisms, specific transcriptional programs 

are required for proper developmental patterning and to ensure 

appropriate responses to any changes in environmental 

conditions and stresses. During development, the expression 

of developmental genes is often tightly controlled to be within 

particular levels and to only occur in certain cells irrespective 

of changes in environmental conditions. In general, gene 

regulation is not a linear one-to-one process, but rather occurs 

in the context of complex networks of interactions between 

multiple genes and multiple transcription factors (TFs). For 

instance, the TFs that control the expression of a gene often act 

together with other TFs. Furthermore, TFs are themselves 

extensively regulated.  

Indeed, the transition from vegetative growth to 

reproductive development is a complex but well-organized 

process that involves changes in gene expression, physiology, 

metabolism and architecture of the plant [26]. The transition 

between these developmental programmes is executed 

through a change in the nature of the shoot apical meristem, 

transforming leaf-into-flower-type primordial [27, 28]. These 

events are tightly regulated and the resulting onset of 

flowering is controlled by endogenous cues and 

environmental factors. Both endogenous and exogenous 

factors regulate flowering time through different 

well-characterized pathways. Mounting evidence suggests 

that environmental cues target the biosynthesis or perception 

of hormones, which therefore not only orchestrate intrinsic 

developmental programs, but also convey environmental 

inputs. In another word, the switch to reproductive 

development occurs through the induction of floral 

developmental genes in response to environmental signals 

such as; light and temperature.   

While, [29] reported that many hormones are involved in 

the regulation of floral developmental genes. They stated that 

out of the eight principal classes of plant hormones have been 

characterized: abscisic acid, auxin, brassinosteroids, 

cytokinins, ethylene, gibberellins, jasmonates and 

strigolactones; all of them have been linked to growth 

regulation in one way or another, sometimes in a 

context-specific manner [30, 31, 32]. As to why plants have 

evolved multiple hormone response pathways to regulate the 

same process remains largely a matter of speculation because 

of a sheer lack of data. 

Based on this deep understanding and complexity of floral 

developmental process and their crosstalk with hormone 

signalling transduction pathways in dioecious plants; the 

putative functions of all differential gene hits (generated from 

SCoT, CDDP and ITAP marker systems) will be addressed, 

separately, for further and better understanding for their role in 

floral developmental and sex differentiation processes in date 

palm trees. 

4.4. The Role of Differentially Targeted-Genes in Plant 

Development 

4.4.1. SCoT1: Shikimate O-Hydroxycinnamoyl 

Transferase-Like (HCT) 

Shikimate pathways provide important precursors for a 

wide range of important secondary metabolites including 

chlorogenic acid, alkaloids, glucosinolates, auxin, tannins, 

suberin, lignin and lignan, tocopherols, and betalains [33].  

One of those secondary metabolites was lignin which 

known to be important for plant secondary cell-wall formation, 

and lignin biosynthesis and the associated regulatory 

mechanisms have been studied in the model plant Arabidopsis, 

various crops, and woody trees [34, 35, 36]. Monolignols of 

lignin are synthesized via the phenylpropanoid pathway and 

then oxidatively polymerized to lignin polymers. Hydroxy 

Cinnamoyl Transferase (HCT) is a recently discovered as a 

key enzyme in the monolignol-specific pathway. HCT enzyme 

converts ρ-coumaroyl CoA and caffeoyl CoA to their 

corresponding shikimate or quinate esters, and also catalyzes 

the reverse reaction [37].  

In this context, [38] found that observed changes in lignin 

content are likely to be associated with changes in flowering 

time. Also, [39] reported that down-regulation of 

hydroxycinnamoyl CoA: shikimate hydroxycinnamoyl 

transferase in transgenic alfalfa resulted in greatly reduced 

lignin content and a delay in flowering. The early flowering 

phenotype observed in studies of [38, 39] provides the 

possibility that engineered changes in lignin quantity may 

allow beneficial changes in reproductive development. 

On the other hand, [40] reported that down-regulation of the 

enzyme hydroxycinnamoyl CoA: shikimate 
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hydroxycinnamoyl transferase (HCT) in Arabidopsis thaliana 

and Medicago sativa leads to strongly reduced lignin levels, 

reduced recalcitrance of cell walls to sugar release, but severe 

stunting of the plants. Levels of the stress hormone salicylic 

acid (SA) are inversely proportional to lignin levels and 

growth in a series of transgenic alfalfa plants in which lignin 

biosynthesis has been perturbed at different biosynthetic steps. 

Also, it was found that repression of HCT resulted in marked 

changes in the amount and composition of lignin, thus 

demonstrating that HCT functions in phenylpropanoid 

metabolism in planta [41]. Moreover, [42] reported that 

accumulation of polyamine conjugates in the reproductive 

organs of plants has also been associated with fertility.  

4.4.2. SCoT24: Indole-3-Acetic Acid-Amido Synthetase 

GH3.8 

Auxin (IAA) known to plays a central role in initiating floral 

primordia and specifying the number and identity of floral 

organs, but the mechanism remains unclear [43]. Moreover, 

Auxin is not only critical for plant embryo development, 

morphogenesis, polar differentiation and growth, but also has a 

feminizing effect in spinach and cucumis [44, 45].  

In this context, [46] investigated the level of indole-3-acetic 

acid (IAA) during zygote and embryo development of 

Nicotiana tabacum L.. They results showed an increase in IAA 

content in ovules and the polar distribution of IAA, ABP1, and 

PM H+ -ATPase in the zygote and embryo, specifically in the 

top and basal parts of the embryo proper (EP) during 

pro-embryo development. Moreover, they reported that ABP1 

and PM H + -ATPase may play roles in zygote and embryo 

development and may also be involved in IAA signalling 

transduction. 

While, [47] Ding et al., (2008) demonstrated a new evidence 

suggests a role for the plant growth hormone auxin in 

pathogenesis and disease resistance. Bacterial infection induces 

the accumulation of indole-3-acetic acid (IAA), the major type 

of auxin, in rice (Oryza sativa). IAA induces the expression of 

expansins, proteins that loosen the cell wall. Loosening the cell 

wall is key for plant growth but may also make the plant 

vulnerable to biotic intruders. They reported that rice GH3-8, an 

auxin-responsive gene functioning in auxin-dependent 

development, activates disease resistance in a salicylic acid 

signaling– and jasmonic acid signaling–independent pathway. 

GH3-8 encodes an IAA–amino synthetase that prevents free 

IAA accumulation. Indeed, the plant hormone jasmonic acid 

(JA) is essential for stress responses and the formation of 

reproductive organs, but its role in fruit development and 

ripening is unclear.  

4.4.3. SCoT26-1: Cysteine-Rich Repeat Secretory Protein 

38-Like 

The genes coding the plant-specific Cys-rich motifs (domain 

of unknown function26 [DUF26]) make up a large gene family, 

and the motif was initially found in the extracellular region of 

cysteine-rich receptor-like kinases (CRKs) and Cys-rich 

secretory proteins from Arabidopsis. Several CRKs are known 

to be involved in resistance to bacterial and fungal pathogens, 

hypersensitive response-related cell death, oxidative stress 

responses, and salicylic acid-dependent defense pathways [48, 

49]. A recent study also showed that some CRKs regulate ABA 

signaling and osmotic stress responses [50].  

In this context, [51] reported that Arabidopsis TSO1 gene 

which encodes a protein with conserved cysteine-rich repeats 

was expressed in the floral meristem and floral organs during 

active cell division. They showed that tso1 mutants displayed 

defects in cell division of floral meristem cells including 

partially formed cell walls, increased DNA content, and 

multinucleated cells. While, [52] reported that one of Cys-rich 

proteins (LAT52) was known to be essential during pollen 

hydration and pollen tube growth. 

Also, [53] presented results indicate that the leaf-stem-root 

apoplast continuum in poplar contains diverse proteins that 

appear to be post-translationally modified and involved in 

important functions such as cell wall metabolism, 

stress/defense, and carbohydrate metabolism. 

4.4.4. SCoT26-2: Zinc Finger Protein 1-Like 

Proteins containing zinc finger domain(s) were found to play 

important roles in eukaryotic cells regulating different signal 

transduction pathways and controlling processes, such as 

development and programmed cell death. A complex network 

of transcription factors orchestrates the response of plants to 

changes in environmental conditions [54]. These include 

WRKY and other zinc-finger proteins (72 WRKY genes and 

more than 600 zinc-finger proteins in Arabidopsis [55]), MYB 

transcription factors (133 genes in Arabidopsis; [56]), and heat 

shock transcription factors (21 genes in Arabidopsis; [57]). 

However, only a few of these transcription factors appear to 

respond in a similar manner to all or most of the different 

environmental stress conditions tested in Arabidopsis. 

One representative of the small group of genes that responds 

similarly to many different environmental stress conditions is 

the zinc-finger protein Zat12 (At5g59820). Zat12 was found to 

respond at the steady-state transcript level to ozone fumigation; 

wounding; bacterial, fungal, or nematode infection; H2O2; heat; 

cold; drought; elicitor; heavy metal; methanol; fumonisin; or 

UV application [58, 59, 60].  

Indeed, that all Arabidopsis zinc-finger proteins (AZFs) are 

involved in the water-stress response of Arabidopsis. One of 

those Arabidopsis zinc-finger proteins, AZF-1 which found to 

responds rapidly to salt and cold stresses but appears to be 

abscisic acid (ABA) independent [61]. 

4.4.5. SCoT35-1: Trihelix Transcription Factor GTL1-Like   

The GT-2 like 1 (GTL1) trihelix transcription factor found to 

play an important role as a stomatal development regulatory 

determinant that controls stomatal density through 

trans-repression of SDD1 expression [62]. In additions, it have 

been implicated in other processes, including endoreduplication, 

petal development, and abiotic stress tolerance in Arabidopsis 

and soybean (Glycine max; [63, 64, 65]).  

In this context, recent study [62] presented a clear evidence 

that GT-2 LIKE 1 (GTL1) functions as a focal regulator of 

water stress tolerance and WUE through a mechanism that 

involves transcriptional repression of SDD1 and regulation of 
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stomatal density and transpiration. The GT-2 transcription 

factor family proteins contain two trihelix DNA binding 

domains found that interact with GT cis-acting elements (GT 

elements) during transcriptional regulation. They demonstrated 

that the GT-2 like 1 (GTL1) trihelix transcription factor is 

SDD1 encodes a subtilisin-like protease that is implicated to 

process propeptides into signaling ligands that are negative 

regulators of stomatal density. They found that Loss-of-function 

gtl1 mutations enhance water use efficiency (WUE) and 

drought tolerance due to a reduced transpiration rate that is 

correlated with a lowered stomatal density compared to 

wild-type plants.  

4.4.6. SCoT35-3: Probable Methyl-Transferase PMT28   

Epigenetic mechanisms such as DNA methylation are known 

to regulate important developmental processes in higher 

eukaryotes. Methylation is carried out by DNA 

methyltransferases which catalyse the transfer of a methyl 

group to bases within the DNA helix. In plants, DNA 

methylation has been implicated in regulating gene expression 

patterns [66], cellular differentiation [67], developmental 

programs [68, 69] and genome stability [70]. It also controls the 

transcription of invading and mobile DNA elements, such as 

transgenes, viruses, transposons and retro-elements [71]. 

In plants, there are mounting evidence indicates that DNA 

methylation plays critical roles in regulating gene expression in 

a tissue-specific or developmental stage-dependent manner 

across plant development [72, 73]. 

Recent study [74] aimed to understanding the biological roles 

of DNA methylation have involved global changes in 

methylation patterns by using the methyltransferase (MTase) 

inhibitor zebularine, it is observed that various aspects of 

growth and differentiation during gametophyte development 

become aberrant.  Moreover, [75] examined the DNA 

methylation levels in male and female floral organs and found 

that DNA methylation level in females was higher than in males. 

This significant decreasing of DNA methylation levels in male 

flowers, suggesting that DNA demethylation might be another 

driving force for male flower development progression, which 

occurs earlier than female flower development. These results 

provide primary DNA methylation level clues regarding the 

difference between female and male flower development. 

4.4.7. SCoT35-5: Probable WRKY Transcription Factor 65   

In higher plants, the WRKY gene family members play a 

variety of roles. Accumulating evidence indicates that WRKY 

transcription factors are involved in responses to environmental 

stimuli, such as high salt, drought, heat, cold and other abiotic 

stresses. They play an important regulatory role in anti-viral, 

anti-bacterial, mechanical injury pathways, and nutrient 

deprivation, senescence, seed and trichome development, 

embryogenesis, as well as additional developmental and 

hormone-controlled processes; showing that WRKY 

transcription factors have a complex and important role in 

regulation [76].  

In this context, [77] stated that WRKY65 play an important 

role in sugar sensing and metabolism in Arabidopsis. They 

reported that both WRKY65 and WRKY45 are involved in 

regulating genes which respond to carbon starvation. 

4.4.8. CDDP4: Ethylene-Responsive Transcription Factor 

4-Like 

Ethylene  Responsive  Factors  (ERFs)  are  plant  

specific  transcription  factors,  which  play  an  important  

role  in  a variety of biological processes like development, 

biotic and abiotic stress responses. They can act as activators or 

repressors of the expression of stress responsive genes in stress 

signal transduction pathways. Most of the information about the 

role played by ERFs comes from studies based on loss of 

function, overexpression of ERFs and their respective affects n 

the plant phenotype and gene expression analysis at a particular 

stress or developmental stage of the plant. The same ERF can 

act in response to different stresses through same or different 

signaling pathways leading to functional redundancy of ERFs. 

In addition to this there are sets of genes, which respond to 

multiple stresses making it even more difficult to predict the 

exact role of ERFs [78].  

The ERF family of genes encodes plant specific transcription 

factors that are characterized by the presence of a highly 

conserved AP2/ERF domain of sixty to seventy amino acids. 

These transcription factors play important roles in a variety of 

biological processes in plants such as development, abiotic and 

biotic stress responses [79, 80]. The AP2 domain was first 

characterized in APETALA protein, which is involved in flower 

development [81]. In particular, AtERF4 was found to 

negatively regulate disease resistance and JA-dependent 

expression of PDF1.2 [82].   

In this context, [83] reported that overexpression of an ERF 

gene from Brassica rapa ssp. Pekinensis (BrERF4) led to 

improved tolerance to salt and drought stresses in Arabidopsis. 

It also significantly affected the growth and development of 

transgenic plants. While, [84] reported that Arabidopsis 

genome contains eight ERF repressors, namely AtERF3, 

AtERF4, and AtERF7 to AtERF12. Members of ERF 

repressors show differential expression, suggesting that they 

may have different function. They demonstrated by using a 

transient expression system, that AtERF4, AtERF7, AtERF10, 

AtERF11 and AtERF12 can function as transcriptional 

repressors. The expression of AtERF4 can be induced by 

ethylene, jasmonic acid, and abscisic acid (ABA). They study 

provides evidence that AtERF4 is a negative regulator capable 

of modulating ethylene and abscisic acid responses. In general, 

they demonstrated that the AtERF4 can act as a transcriptional 

repressor to repress GCC-box-mediated gene transcription. 

4.4.9. CDDP6-1: Phosphoenolpyruvate/Phosphate 

Translocator- 1 (PPT1) 

Communication between plastids and the surrounding 

cytosol occurs via the plastid envelope membrane. The inner 

envelope membrane contains a variety of transporters that 

mediate the exchange of metabolites between both 

compartments. Most organelles require the import of 

phosphoenolpyruvate as an immediate substrate for carbon to 

enter the shikimate pathway, leading to a variety of important 

secondary compounds. The envelope membrane of plastids 

contains specific translocators that are involved in these 
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transport processes [85]. 

The physiological function of PPT in plants is to supply 

plastidic metabolism with PEP, which can be used as a substrate 

for the shikimate pathway. In all types of plastids, PEP serves 

different functions, e.g. as precursor for the biosynthesis of fatty 

acids or of aromatic amino acids. PEP is an immediate substrate 

for the plastid-localized shikimate pathway leading, via the 

synthesis of aromatic amino acids, to a large number of 

secondary metabolites, e.g. alkaloids, flavonoids, and lignins 

[86].  

In this regards, [87] presented a study titled: 

Phosphoenolpyruvate Provision to Plastids Is Essential for 

Gametophyte and Sporophyte Development in Arabidopsis 

thaliana. They found that restriction of phosphoenolpyruvate 

(PEP) supply to plastids causes lethality of female and male 

gametophytes in Arabidopsis thaliana defective in both a 

phosphoenolpyruvate/phosphate translocator (PPT) of the inner 

envelope membrane and the plastid-localized enolase (ENO1) 

involved in glycolytic PEP provision. They speculated that, at 

least in the female gametophytes PEP, after conversion to 

pyruvate, serves as the major substrate for fatty acid 

biosynthesis and consequently, the diminished fatty acid 

provision may lead to a halt in ovule development in ccEe 

plants similar to the heterozygous gpt1 mutant developed by 

[88].  

4.4.10. CDDP6-2: Regulatory Protein NPR 1-Like 

NON-EXPRESSOR OF PR1 (NPR1) is a transcription 

co-activator that plays a central role in regulating the 

transcriptional response to plant pathogens [89, 90, 91]. The 

NPR family consists of NPR1and five NPR1-likegenes. The 

NPR1 paralog NPR3 has recently been shown to function as a 

receptor of the plant hormone salicylic acid and to mediate 

proteosomal degradation of NPR1. In Arabidopsis, NPR1 is 

required for the activation or down-regulation of 2248 genes in 

response to treatment with salicylic acid (SA) analog, BTH 

[92].  

Moreover, [93] reported that NPR3 expression was strongest 

in the petals and sepals of developing flowers and declined after 

flower opening. Furthermore, they found that npr1 mutants 

exhibit reduced expression of defense response genes and 

increased susceptibility to pathogens. They found that NPR3 is 

a negative regulator of defense responses during early flower 

development and it may function through the association with 

both NPR1 and TGA2. 

4.4.11. ITAP-8/1: Eukaryotic Translation Initiation Factor 

4E-1-like 

One of the most regulated steps of translation initiation is the 

recruitment of mRNA by the translation machinery. In 

eukaryotes, this step is mediated by the 59 end cap-binding 

factor eIF4E bound to the bridge protein eIF4G and forming the 

eIF4F complex. In plants, different isoforms of eIF4E and 

eIF4G form the antigenically distinct eIF4F and eIF(iso)4F 

complexes proposed to mediate selective translation [94].  

In Arabidopsis, the eIF(iso)4E transcript and protein are 

more abundant in roots, floral organs and tissues under 

development [95, 96]. In maize, the eIF(iso)4E protein is 

present at higher levels than eIF4E in non-germinated seeds 

[97]. The corresponding transcript is efficiently translated upon 

imbibition to maintain constant and high levels during the first 

24 h of germination, whereas eIF4E levels increase toward 

germination completion [98]. 

4.5. Results Explanation and Sex Differentiation Hypothesis 

To date, sex-determining mechanism is still uncertain and 

there is no reliable way to determine the sex of date palm plants 

before reproductive age. 

Based on the obtained results in this study, we speculate that 

those medium to high similarity of the sex-specific generated 

markers with; mainly; plant hormone genes, master 

transcription factors, transcriptional activators/repressors and 

regulatory proteins involved in plant hormone signal 

transduction pathways, floral plant development and 

biosynthesis of secondary metabolites, is not just a coincidence. 

We hypothesis that sex differentiation is a complex but 

well-organized process that involves endogenous and 

exogenous factors regulate the changes in gene expression, 

physiology, metabolism and architecture of the plant.  

With regard to endogenous factors regulating the sex 

differentiation process; due to their level of complexity and our 

deep understanding of reproductive development in plant, the 

old suggestion by [99] that genetic sex determination occurs 

through a single locus became illogical as point of view. 

On the other side, daily, there are mounting evidence 

suggests that exogenous factors (environmental signals such as; 

light and temperature,… etc.) targets the biosynthesis of TFs, 

secondary metabolites and hormones which not only 

orchestrate intrinsic developmental programs, but also handles 

the environmental stresses and their tolerance.   
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