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ABSTRACT

The date palm (Phoenix dactylifera L.) is a dioecious plant,
meaning that individual trees are either male or female. Knowing the
gender of date palms is essential for agriculturalists aiming to
produce dates. High-Resolution Melting (HRM) analysis is a powerful
molecular technique for identifying species, cultivars, and gender of
living organisms. Therefore, this study aims to use the HRM analysis
for sex discrimination of the date palm cultivar Deglet Nour. The
research was conducted in two main phases, including (i) collecting
nucleotide sequences from the 12% chromosome, specifically focusing
on single nucleotide polymorphisms (SNPs) and gene regions that
could serve as markers for gender identification; and (ii) performing
both in silico and in vitro HRM analyses to accurately determine the
gender of the date palms. Gender determination was based on

differences in melting curve profiles and melting temperatures (Tm)
between male and female samples. Among the primers tested, the
TIF2 primer (targeting a gene region) emerged as the most effective
for distinguishing gender. The melting curves generated by TIF2
primers were distinctly different for male and female trees, and their
melting temperatures varied accordingly. These findings demonstrate
that HRM analysis coupled with TIF2 primers is a powerful molecular
technique for sex discrimination of the date palm cultivar Deglet
Nour.
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INTRODUCTION

Date palm (Phoenix dactylifera L.) is a long-lived monocot plant belonging to
the Are-caceae (palm family), with origins in the Middle East and North Africa. The
date palm is dioecious, with distinct male and female trees, and reaches reproductive
maturity between four to seven years. The fruit, commonly referred to as the date,
is rich in vitamins, fiber, and sugars, making it a valuable nutritional resource.
Additionally, dates hold cultural and religious significance, particularly in Muslim
communities (Al-Mahmoud et al., 2012). Moreover, date palms exhibit resilience to
climate change, demonstrating heat tolerance and high yields. Their substantial
market value has consequently increased interest in date palm cultivation in Thailand
(Kanoeithip et al., 2015).

Like other dioecious plants, only female date palms produce the coveted edible
fruit, making them significantly more sought after in cultivation. However, the male
tree plays a critical role as well: it provides the pollen necessary for fertilizing female
flowers. Remarkably, just one male tree can provide enough pollen for several female
trees. The desirable ratio of male and female date palms is 1:10, respectively. This
ratio boosts pollination efficiency, leading to higher yields and improved overall
production (Intha and Chaiprasart, 2019). Therefore, the gender identification also
prevents unnecessary planting of excess male trees, conserving valuable resources
and maximizing orchard profitability.

Traditionally, the gender of date palms is identified by examining flower
morphology. Nevertheless, when the date palm is still in the seeding stage,
this approach cannot be applied. Accordingly, molecular techniques have emerged as
a valuable solution, offering the ability to distinguish male and female plants at
any developmental stage. In previous research, Restriction Fragment Length
Polymorphism (RFLP), Random Amplification of Polymorphic DNA (RAPD), PCR base
marker, Sex Determination regions of the Y chromosome (SRY) marker, and the
combination of RAPD with Sequence Characterized Amplified Region (SCAR) markers
were used for sex identification of date palm (El-Kharbotly et al., 1998; Fahad et al.,
2018; Intha and Chaiprasart, 2019; Mohei et al., 2019; Ben-Abdallah et al., 2000).
However, these methods can be time-consuming and complex, requiring multiple
primers and gel electrophoresis, which is labor-intensive and offers limited
sensitivity. To solve those limitations, this research proposes another molecular
technique known as High-Resolution Melting (HRM) analysis that enhances sensitivity
and simplifies the identification process.

HRM analysis is a powerful approach for quickly and accurately detecting
differences in short DNA sequences. DNA fragments are first amplified using Real-
time PCR. After that, the slightly increasing temperature unwinds double-strand DNA
(dsDNA) to single-strand DNA (ssDNA). During this melting process, fluorescent dye
detection slowly decreases, generating a melting curve of each amplicon fragment.
The characteristics of each melting curve are used to identify species of living things,
authenticate medical or food products, and gender discrimination in animals
(Robertson et al., 2010; Madesis et al., 2012; Osathanunkul et al., 2015;
Osathanunkul, 2018; Osathanunkul et al., 2018; Osathanunkul and Madesis, 2019;
Gao et al., 2020; Osathanunkul et al., 2022). In the case of date palms, the point
mutation of DNA sequences between both genders of the date palm is essential for
gender identification through HRM analysis. For effective gender differentiation,
understanding the date palm genome is essential. Previous studies have pinpointed
linkage group 12 as a promising candidate for gender-specific markers due to its high
density of single nucleotide polymorphisms (SNPs) relevant to gender (Mathew et al.,
2015). Moreover, specific mutations associated with male sterility and female
suppression on the 12t chromosome further support its role in gender determination
(Torres et al., 2018; Torres et al., 2021). By focusing on this chromosome, HRM
analysis can streamline the process of identifying male and female date palms, This
facilitates the efficient selection and management of planting stock, ensuring the
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maintenance of the optimal male-to-female ratio (1:10), which is critical for
maximizing pollination and crop yield.

Globally, there are numerous date palm cultivars, yet only a select few have
gained popularity in Thailand include Barhee, Deglet Nour, KL1, and Medjool. Among
these, Deglet Nour has become one of the most highly valued varieties across Europe
and Asia, with impressive annual production exceeding 724,890 tons (Chouicha
et al., 2014). Given its popularity and economic importance, this study focuses on
using High-Resolution Melting (HRM) analysis to accurately identify the gender of
Deglet Nour date palms.

MATERIAL AND METHODS

Plant materials and DNA extraction

The plant materials used in this study consist of sexually mature date palms of
the Deglet Nour cultivar. The gender of these date palms was confirmed based on
flower morphology, ensuring accurate classification prior to further analysis. Leaflet
tips from date palms were collected, with younger provided superior DNA quality and
yield. A total of 222 leaf samples (147 female and 75 male) were obtained from date
palms across three provinces in Thailand: Chiang Mai, Phrae, and Phayao. Each
sample was ground into a fine powder using liquid nitrogen, followed by DNA
extraction using an adapted isolation method (Doyle and Doyle, 1990; Arif et al.,
2010). Briefly, 100 mg of powdered sample was placed in a 1.5 mL microcentrifuge
tube, where 1 mL of CTAB solution and 15 pL of proteinase K were added. The mixture
was then incubated at 60°C for one hour. After incubation, the supernatant was
carefully removed, mixed with chloroform, and centrifuged at 14,000 x g. The
resulting supernatant was transferred to a fresh tube, precipitated with isopropanaol,
and dissolved in TE buffer. The DNA concentration and purity were assessed with a
NanoDrop spec-trophotometer (Thermo Fisher Scientific, USA). Finally, all DNA
samples were adjusted to a concentration of 120 ng/pL and stored at -20°C for future
analyses.

Data mining for exploring a sex determinate region

To enhance the accuracy of gender identification in date palms using HRM
analysis, two regions of the 12" chromosome, containing SNPs and a gene region in
male and female date palms, were targeted to design primers for precise gender
determination of the date palm.

SNPs region

All of the SNPs regions between male and female date palms in the 12%"
chromosome were reported (Mathew et al., 2014). In this research, the SNPs
between two genders were only selected for analysis (Table S1). The nucleotide
sequence with the highest number of SNPs was retrieved from the GenBank and
DPMMD databases (Table 1) and analyzed using the ClustalW alignment method in
MEGA11 to identify conserved and variable regions. Then, the sequence data were
also used to investigate a suitable primer for sex segregation in date palms (Figure
S1-S6).
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Table 1. Nucleotide sequences of SNPs and gene regions in the 12t chromosome
were retrieved from GenBank (NCBI) for date palm with an accession number.

Name Sequence type Accession nhumber
PDK_30s1202771 SNPs in 12th chromosome GL744456
dpS12X Chromosome X reference MH680977
dpS12Y Chromosome Y reference MH680966
dpS2X Chromosome X reference MH680998
dpB2Y Chromosome Y reference MH681002
MYB101 Gene XM_008777199
BAG (X1) Gene XM_008804193
BAG (X2) Gene XM_008804194
TIF 2(X1) Gene XM_008777479
TIF 2(X2) Gene XM_008777480

Gene region

Three genes of the 12th chromosome that are located in both male and female
trees and have a high potential to distinguish the gender of date palm include
MYB101, BAG, and TIF2 (Torres et al., 2018). The nucleotide sequence of those genes
was extracted from GenBank (Table 1). Next, the ClustalW alignment was used to
identify conserved and variable regions in nucleotide sequences for designing an
appropriate gender identification primer (Figure S7-S9).

Primer design and optimization

In order to design primers that can be used to identify the gender of the date
palm, the primer pairs need to follow three criteria: (i) forward and reverse primers
must be able to bind with conserved sites of both genders of the date palm; (ii)
amplified regions from different sexes of the date palm must have high variations;
and (iii) amplicon size should be between 150 and 300 bp. Other properties of primer,
such as melting temperature, secondary structure, and primer-dimer, were analyzed
by the OligoAnalyzer™ Tool (https://www.idtdna.com/ pages/tools/oligoanalizer).
The melting curve profile was predicted with the uMELT software (https://www.dna-
utah.org/umelt/umelt.html). The primer pairs that can generate the most different
melting curves between male and female date palms were selected for specific tests
and annealing temperature optimization with PCR and gel electrophoresis.

High-Resolution Melting (HRM) analysis

The selected primers were used to amplify DNA fragments using Real-time PCR.
Real-time PCR and HRM analysis were conducted in Rotor-Gene Q (Qiagen, Hiden,
Germa-ny). The reaction mixture for the HRM analysis was executed in a total volume
of 20 yL. This contains 4 pL of 5x HOT FIREPol® EvaGreen® HRM Mix, 1 uL of 120
ng/pl DNA, 0.2 pM of forward primer and 0.2 uM of reverse primer (Table 2). Each
sample was prepared in triplicate, and negative controls were included in every set
of PCR reactions to ensure the validity of the results. The reaction was activated with
an initial denaturing step at 94°C for 15 min, followed by 35 cycles of 94°C for 30
sec, 54 to 60°C for 30 sec, and 72°C for 45 sec. Normalized melting curves were
generated after the last extension step by increasing the temperature from 75 to
97°C at 0.1°C/s by the Rotor-Gene Q software (Qiagen). The characteristics of the
melting curve and melting temperature were used to distinguish the gender of the
date palm.
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Table 2. Nine primer pairs were designed from SNPs and gene regions for gender identification of
the date palms in this study.

Primer Amplicon Mismatch GAP

Region Name Primer (5°-3") Tm size (bp) (bp) (bp)
FW  GAT GGT TAT CAG CTG GAT CAT CG 55.3
SNP1 323 7 9
RW  ACA CAG AAG AAA CAT GTT CGC TC 55.7
SNP2 FW  GAA CAT GTT TCT TCT GTG TCC CAG 56.0 322 17 5
RW  CCG AGT CAA TTT GGG TAG CTG 55.6
FW  GTA ATG CGA GGC TCT CTT GG 55.6
SNP3 198 17 0
SNPs RW  CTC CCA ATC TCT TGC CAC AT 54.9
FW  GAG ACT ATG GCC GAT GAT GC 55.5
SNP4 230 19 3
RW  ACC CGA GAA ACC TCT CCA AT 55.8
FW CGA GAG GTG TTT GGA GTATGA CTG  57.0
SNP5 234 21 0
RW GTG CTC AGG CTG CAG AGATTAT 57.1
SNPG FW  CCC ACA TTG CTT CGG CAG CTC C 63.3 245 18 26
RW  GCT CAC ACC GCA CGT AGG ACA GG 63.9
FW  GGA TCA TGA GGA GAA CGG GGT CGG  62.9
BAG 207 0 12
RW  GAG CTG ACG GAC ACC TCG TAC CT 62.3
Gene MYB FW  CCC ACT TGG CAT CAG ACT CC 58.0 237 6 0
RW  CCT TCG ACC CAA ACG TTC AC 58.4
FW  GCT CTA GAC CTA GTA GAC CAG TG 54.8
TIF2 261 6 3
RW GGCTTT GCT TGT AGC TTT GG 54.8
RESULTS

Data mining and primer for gender discrimination

SNPs region

A total of 73 gender-specific SNPs between male and female date palms were
identified on the 12" chromosome (Table S1) (Arif et al., 2010; Torres et al., 2018).
Contig PDK_30s1202771 (GL744456), which contained the highest number of SNPs,
was selected for alignment with dpS12X (MH680977) and dpS12Y (MH680966).
Based on this alignment, six primer pairs targeting the SNP region were designed
(Table 2). The variation in DNA sequences across the six amplicons was analyzed,
and the results revealed that the SNP6 fragment exhibited more gaps and nucleotide
mismatches compared to the other fragments. As a result, the SNP6 fragment
showed great potential for accurately identifying the gender of date palms, making it
a promising target for gender discrimination in this study.

Gene region

The variation of nucleotides sequence between male and female date palms
resulted in distinct melting curve shapes and differences in melting temperatures.
To explore these variations, three genes (MYB101, BAG, and TIF2) were aligned with
dpS2X (MH680998) and dpB2Y (MH681002). From conserved regions within these
sequences, three primers targeting gene regions on the 12 chromosome were
designed (Table 2). The variation of each amplicon was analyzed and it was found
that both MYB and TIF2 amplicons contain six mismatch nucleotides. while the BAG
and TIF2 amplicons had gaps, with BAG showing 12 gaps and TIF2 showing three.
These nucleotide mismatches and gaps were key factors contributing to the variation
in melting curve profiles, supporting the effectiveness of HRM analysis for gender
discrimination in date palms.
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HRM analysis

HRM stimulation by uMELT software

All primer pairs were simulated with melting curves using the uMELT software.
The results revealed that the amplicons generated from all SNP primers displayed
distinct melting curve patterns between male and female trees (Figure la-1f).
However, among them, the SNP6 primer stood out and was selected for further
testing due to its high amplicon variation and the highest melting temperature
observed (Table 2). Additionally, primers targeting specific gene regions showed
promising results. For instance, primers designed for the BAG and TIF2 gene
produced a clear and significant difference in melting curves between the genders
(Figure 2a-2c).

g0 9
7. 60 o
Z 50
= 40
30 O,./'
20
10
® 70 s0 s1 s2 83 s+ 85 86 80 82 84 86 88 90
Temperature (°C) Temperature (°C)
c
100
90
80
;\?70
Z.60
£ 50
2 10 9
30
2 )
10
0 0
85 86 87 88 89 90 91 92 93 94 87 88 89 90 91 92 93 94 95 96
Temperature ("C) Temperature (°C)

<
=
e

R 3\ \”7

0
86 87 88 89 90 91 92 93 94 95 86 88 90 92 94 9% 98
Temperature (°C) Temperature (°C)

Figure 1. Melting curves analyzed by uMELT software in six SNPs primers
include SNP1 primers (a), SNP2 primers (b), SNP3 primers (c), SNP4
primers (d), SNP5 primers(e), SNP6 primers (f).
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Figure 2. Melting curves analyzed by uMELT software in three gene primers
include BAG primers (a), MYB primers (b), TIF2 primers (c).
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in vitro HRM

The HRM analysis results for SNP6 (Figure 3a-3b), BAG (Figure 3c-3d), and
TIF2 (Figure 3e-3f) primers with known sex samples revealed varying levels of
effectiveness. While the SNP6 and BAG primers produced overlapping melting curves
between male and female date palms, the TIF2 primers showed clear, distinguishable
profiles. This unique ability to differentiate genders made the TIF2 primers ideal for
further HRM analysis.

Using the TIF2 primers, the HRM analysis was conducted to determine the
gender of date palm cultivar Deglet Nour across three Thai provinces (Chiang Mai,
Phayao, and Phrae). The results indicated that male date palms exhibited a significant
higher melting temperature of 86.87 + 0.06 °C compared to female palms at 86.67
+ 0.06 °C (T-test, P < 0.05). Additionally, the melting curve profiles for male and
female palms were notably distinct (Figure 4a—4f), underscoring the precision of TIF2
primers for gender differentiation in date palms.
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Figure 3. Melting curve profile of male and female date palm. Normalized
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fluorescence curve of TIF2 primers (e and f). d: male date palm (Blue); ¢:
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Figure 4. Melting curve profile of amplicons from TIF2 primers of male and female
date palm in three provinces of Thailand. Normalized fluorescence curve and male
reference-corrected normalized fluorescence curve of date palm in Chiang Mai
province (a and b). Normalized fluorescence curve and male reference-corrected
normalized fluorescence curve of date palm in Phayao province (c and d).
Normalized fluorescence curve and male reference-corrected normalized
fluorescence curve of date palm in Phare province (e and f). d: male date palm
(Blue); ?: female date palm (red).

DISCUSSION

HRM analysis is a fast and reliable technique widely used for gender
identification across various animal species. This method has successfully been
applied to discriminate gender in both terrestrial and aquatic animals, including
Caribbean Flamingo (Chapman, 2011), chickens (England et al., 2021), Human fossil
(Alvarez-Sandoval et al., 2014), Neotropical canids (include domestic dogs, wolves,
and foxes) (Gonzalez et al., 2015), pufferfish (Gao et al., 2020), and white leg shrimp
(Perez-Enriqueza et al., 2019). In case of plant, HRM analysis has been effectively
employed to determine the gender of cannabis (Gilchrist et al., 2021). Its efficiency
in distinguishing gender makes HRM a valuable tool in diverse fields of biological
research and agriculture.

The uMELT software has been widely utilized to assess the efficiency of primer
pairs prior to performing HRM analysis (Xiu et al., 2020; Chen et al., 2021;
Osathanunkul et al., 2022). However, in this study, uMELT's predicted melting curves
did not match experimental HRM results. This discrepancy may result from GC
content variability across sequences, leading to multiple melting domains (Dwight
et al., 2011). Moreover, variables such as the thermodynamic parameter set applied
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during prediction and the type of fluorescent dye used in the experimental procedure
have been shown to affect the shape and accuracy of melting curves (Dwight et al.,
2012). Despite these limitations, uMelt remains a valuable and convenient tool for
the initial design and optimization of HRM assays (Dwight et al., 2011).

Previous studies have shown that SNP loci combined with HRM analysis are
powerful tools for species or cultivar identification in economic crops (Jeong et al.,
2010; Ganopoulos et al., 2013). While HRM analysis with SNP regions has proven
effective for gender identification in animals, this study demonstrates that SNP6
primers were unable to accurately identify the gender of the tested date palm
samples. The presence of unpredicted mutations within the targeted fragments led
to altered melting temperatures and melting curve characteristics, making the results
unreliable (Wittwer, 2009). On the other hand, targeting gene regions, particularly
conserved DNA regions, offers a more promising approach for gender identification
in date palms. These gene regions are less likely to contain unpredictable mutations,
making them more stable and reliable for gender classification. Furthermore, gene
regions have been widely used for gender determination in animals, underscoring
their potential for similar applications in plants (Morinha et al., 2011; Alvarez-
Sandoval et al., 2014; Gao et al., 2020; England et al., 2021).

In terms of gene regions, BAG and TIF2 are commonly found in both dioecious
plants (such as grape, melon, and papaya) and monoecious plants (such as citrus,
peach, and pineapple). The BAG gene is involved in the regulation of protein folding,
while TIF2 plays a role in the translation process. However, there is no conclusive
evidence suggesting that these genes are directly related to gender determination.
Despite their importance in protein function, neither BAG nor TIF2 has been widely
used for gender identification in plants due to the lack of clear evidence regarding
their specific role in sexual differentiation. Instead, male-specific regions such as
CYP703, GPAT3, and APRT3 have been more commonly used for sex identification in
plants (Torres et al., 2018; Massonnet et al., 2020; Leite Montalvao et al., 2021).
However, these regions are not suitable for HRM analysis because they are exclusive
to male plants. HRM analysis requires nucleotide sequence variation between male
and female plants to generate distinct melting curves, and male-specific regions do
not provide this variability in females.In this study, BAG and TIF2 were explored for
the first time in relation to gender identification in date palms. The results showed
that only the TIF2 primers were successful in distinguishing gender. The presence of
nucleotide differences between male and female trees played a crucial role in this
success, as mismatched nucleotides resulted in distinct melting curve profiles,
enabling gender discrimination (Perez-Enriqueza et al., 2019; Keatley et al., 2020;
England et al., 2021). In contrast, the BAG primers only detected a gap in the
amplified fragment and did not exhibit any nucleotide mismatches between the male
and female date palms (Table 2). This lack of nucleotide variation hindered the
performance of the BAG primers in gender segregation through HRM analysis.
Although the BAG gene is currently unsuitable for gender identification in date palms,
it has shown potential in other areas, such as predicting breast cancer outcomes in
humans (Papadakis et al., 2017), regulating heat stress and program of cell death in
plants (Thanthrige et al., 2020; Arif et al., 2024), and its roles in various biological
processes warrant further investigation in future studies.

HRM analysis is a powerful technique for detecting point mutations, and it has
been widely used in various applications such as genetic testing (Andriantsoanirina
et al., 2009) and identifying genetic variants linked to diseases (Rouleau et al., 2009).
In this study, the fragment amplified by the TIF2 primer showed evidence of
insertions/deletions (indels), missense mutations, and silent mutations due to
nucleotide mismatches and gaps between the male and female date palms
(Figure S10). In HRM analysis, point mutations are detected by the change in the
melting behavior of the DNA fragment containing the mutation (Shih et al., 2009).
These differences in melting behavior provide a clear and reliable method for
detecting genetic variations, such as those associated with gender differentiation in
date palms.
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CONCLUSION

The date palm has emerged as a promising crop for Thai agriculturists.
However, gender discrimination has traditionally taken four to seven years, making
it crucial to develop a faster, more accurate method. This study used High-Resolution
Melting (HRM) analysis to identify the gender of date palm (Deglet Nour cultivar).
Primer pairs were designed from two regions of the 12th chromosome: six primers
from the SNPs region (SNP1-SNP6) and three primers from the gene region (MYB,
BAG, and TIF2). The results demonstrated that HRM analysis with the TIF2 primers
successfully discriminated the gender of date palms cultivar Deglet Nour, offering a
promising solution for quicker and more efficient gender identification.
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	Date palm (Phoenix dactylifera L.) is a long-lived monocot plant belonging to the Are-caceae (palm family), with origins in the Middle East and North Africa. The date palm is dioecious, with distinct male and female trees, and reaches reproductive mat...
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	Traditionally, the gender of date palms is identified by examining flower morphology. Nevertheless, when the date palm is still in the seeding stage,  this approach cannot be applied. Accordingly, molecular techniques have emerged as a valuable soluti...
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	Data mining for exploring a sex determinate region
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	SNPs region
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	Three genes of the 12th chromosome that are located in both male and female trees and have a high potential to distinguish the gender of date palm include MYB101, BAG, and TIF2 (Torres et al., 2018). The nucleotide sequence of those genes was extracte...
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	High-Resolution Melting (HRM) analysis
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	DISCUSSION
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	HRM analysis is a powerful technique for detecting point mutations, and it has been widely used in various applications such as genetic testing (Andriantsoanirina et al., 2009) and identifying genetic variants linked to diseases (Rouleau et al., 2009)...
	CONCLUSION
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