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Abstract. Sex determination of date palm seedlings is the challengeable effort for
breeders. Different studies based on molecular markers and genome sequencing have
provided some insight in to the genetic regions related to sex determination in date
palms in general. But due to differences in cultivar population structure and also
cost of whole genome sequencing, we may need a more suitable approach in devel-
oping countries for this task. Therefore, we suggest using a combination of different
available molecular markers and a computational approach to identify the genetic
regions involved in sex differentiation in date palm cultivars. In this study we used
twenty-three cultivars including 7 male and 16 female cultivars that were examined by
30 different dominant and co-dominant molecular markers which deal with different
genomic regions. Grouping of the tree samples based on 178 loci resulted in genetic
differentiation of the studied male and female palm trees. Multiple correspondence
analysis (MCA) bi-plot also showed genetic difference within male and female trees.
Heatmap plot specified those markers which differentiate date palm trees. SSR (simple
sequence repeats) and IRAP (inter retrotransposon amplified polymorphism) mark-
ers provided sex linked markers for male cultivars. In present study, we introduced sex
specific alleles for Iranian male date palm cultivars as a fast track in seedlings. Differ-
ent association studies performed identified the candidate genetic regions which are
significantly associated with sex differentiation in date palm cultivars.

Keywords: DNA based markers, DAPC, LFMM, MCA, Phoenix dactylifera, sex deter-
mination.

1 INTRODUCTION

Date palm (Phoenix dactylifera, Arecaceae) is the one of the most
important fruit products (more than 1.3 M tonnes, FAOSTAT, 2019) in
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Iran. Date palm trees are propagated by both offshoots
and seeds. Each female tree produces 0-3 offshoots per
year. This kind of propagation is not in a way of clas-
sical breeding along with low diversity (Adawy et al.
2014). Seed germination is supposed to be easiest way
for propagation with high heterozygousity while, it is
a time consuming method and may take more than 5
years before flowering.

Date palm is dioecious and the only species of the
Palmae with sex chromosomes with 2n =36. In fact,
this phenomenon makes difficulty for identification of
female trees at early stages of growth (Maryam et al.
2016). Using cytological and biochemical methods may
not be used to discriminate date palm male trees from
the female trees. However, recently, researchers reported
the presence of the occurrence of sex-specific loci in date
palm trees (Elmeer and Mattat 2012, Adawy et al. 2014,
Al-Ameri et al. 2016, Hassanzadeh and Bagheri 2019).
These authors used different molecular markers like ran-
dom amplified polymorphic DNA (RAPD), inter simple
sequence repeat (ISSR), simple sequence repeat (SSR),
sequence characterized amplified region (SCAR) and
start codon targeted polymorphism (SCoT).

Different genome sequencing approaches have been
carried out on limited number of palm trees of differ-
ent palm species (Torres et al. 2018) to date plan culti-
vars (Al-Dous et al. 2011, Hazzouri et. al. 2019). These
studies have identified the genomic regions associated
with sex determination and also a conserved two-locus
system present in all palm species. However, due to
possible interference of population genetic structure in
different date palm cultivars cultivated throughout the
world and the high expenses of whole genome sequenc-
ing, we suggest to use available molecular markers and
analyze the results by using computational approaches
to locate the genetic regions associated with dates palm
sex determination.

Therefore, The present study was performed with
following objectives:1-To identify sex-specific alleles for
Iranian male date palm cultivars by using a combina-
tion of seven dominant and co-dominant molecular
makers like, SSR, ISSR, SCoT, IRAP (inter retrotrans-
poson amplified polymorphism), REMAP (retrotrans-
poson microsatellite amplified polymorphismand SRAP
(sequence related amplified polymorphism) for date
palm sex determination and, 2- identify the candidate
genetic regions involved in sex determination by apply-
ing different computational methods like, Fisher Exact
test, DAPC (Discriminant analysis of principal compo-
nents analysis), and LFMM (Latent factor mixed model,
Collins and Jombbart 2015, Zhang et al. 2019).
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2. MATERIALS AND METHODS
2.1. Plant materials and genetic analysis

In total we studied 23 date palm cultivars, of which
7 were male (including: Sabzparak, GhannamiSabz,
Wardi, GhannamiSorkh 1, GhannamiSorkh 2, Foreign
male 1 and Foreign male 2) and 16 female cultivars.

Two to three trees from each cultivar were randomly
selected for molecular studies (totally 63 trees). Details
of the cultivars with their accession numbers are pro-
vided in our previous study (Saboori et al. 2021). All cul-
tivars are located Omol-tomair station of Date Palm &
Tropical Fruits Research Center, Ahwaz, Iran.

For genetic analysis, genomic DNA was extracted
based on Saboori et al. (2021). Seven different molecular
markers as SSR (6 loci), EST-SSR (3 loci), SCoT (4 loci),
ISSR (5 loci), SRAP (5 loci), IRAP (3 loci) and REMAP (4
loci) were examined for sexual determination (Table S1).

The touch-up PCR program was used for SSR mark-
ers; 94°C for 5 min, initial 10 cycles at 95°C for 30
sec, annealing step for 1 min at 51°C, 47.5 °C, 62 °C,
47.5°C, 46.9 °C and 45 °C for MPdCIR078, MPdCIR085,
PdCUC3-ssr2, MPdCIR090, MPdCIR048 and MPd-
CIR025 loci respectively, 72°C for 1 min and 30 sec.
Then 30 cycles were set at 95°C for 30 sec, annealing step
(MPdCIR078 52°C, MPdCIR085 49.9 °C, PACUC3-ssr2
65 °C, MPdCIR090 49.9 °C, MPdCIR048 48.8 °C and
MPACIR025 48 °C) for 1 min. the extension segment
was at 72°C for 1 min and 30 sec following final exten-
sion at 72 °C for 15 min.

For EST-SSR the following procedure was used; 5
min at 94 °C, 30 sec at 95 °C, 30 sec at 50 °C, 52 °C-
and 60 °C for EST-PDG3119-rubisco, EST-GTE and EST-
DPGO0633- Laccase loci respectively and 1 min and 30
sec at 72 °C. These segments repeated for 35 cycles. Final
extension was for 5 min at 72 °C.

The SCoT loci were amplified based on our previous
study (Saboori et al. 2020) and its data used for sexual
determination.

The PCR reaction for the ISSR markers were per-
formed according to the following thermal program: 5
minutes at 94°C, 40 cycles of 30 seconds at 94°C, 60 sec-
onds at 50-52.5°C (50°C for (GA)9T, (CA)7AT, and (GA)
9A, 52/5°C for (GT)8YA and (AG) 8YT) and 90 seconds
at 72°C and final extension for 7 minutes at 72°C. Molec-
ular marker reactions were carried out in 25 pL volume
with 20 ng genomic DNA and 5 U of Taq DNA polymer-
ase (Bioron, Germany), 2X PCR buffer (50 mM KCl; 10
mM Tris-HCI, pH;8), 1.5-2 mM MgCl2; 0.2 mM of each
dNTP (Bioron, Germany); 0.2 uM of each primer.

For IRAP and REMAP markers, we used thermal
program: 3 min of initial denaturation at 94°C, followed
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by 40 cycles of 94°C for 3 min and annealing tempera-
ture 51-54 °C for IRAPs and 51-56 °C for REMAPs for 30
s, 72°C for 3 min, and 10 min at 72°C for final extension.
All reactions were set up at BIORAD Thermocycler, USA.

The band profile of each locus was visualized by
using 2.5 % agarose gel electrophoresis. Staining of gels
were performed by the sybergreen dye. We used the 100
base pair (bps) molecular size ladder for estimation of
fragment size (Fermentas, Germany).

2.2. Data analysis

All obtained bands of 30 loci were scored as a binary
data. Multiple correspondence analysis (MCA) of molec-
ular data was performed to group the studied palm trees
based on sex differentiation as performed in R-Package
4.1(Abdi and Williams 2010). AMOVA test was per-
formed for differentiation of two male and female
groups by using GenAlex ver. 6.5.

For Association studies, different statistical and bio-
informatic approaches are available which have different
assumptions. We used DAPC (Discriminant analysis of
principal components), and Bayesian based method of
LFMM (Latent factor mixed model), as suggested by Fri-
chot et al (2013), and Collins and Jombbart (2015). These
analyses were followed by Bonferroni correction as well

as false discovery rate (FDR) tests, to avoid both type I
and type II errors of rejecting true association results.
These were done in R package 4.1. Similarly, for accuracy
of the model presented by. DAPC we used cross valida-
tion method as implemented in R. 4.1.

3. RESULTS

In total we obtained 178 loci/ bands by different
molecular markers studied. Ward dendrogram (Fig.
1), differentiated between the studied male and female
palm trees as the samples of either group were placed in
a separate cluster. Therefore, it shows that the molecu-
lar markers used in present study can differentiate palm
trees based on different sexes.

Multiple correspondence analysis (MCA) of molecu-
lar data obtained revealed that about 60% of total genet-
ic variation of the studied samples may be explained by
about 10 PCA axis (Fig. 2).

The grouping of the studied palm trees by MCA
biplot by using the first two PCA axes (Fig. 3), not only
separated male and female trees from each other but
also revealed some degree of genetic difference within
male and female samples studied.

In general, two different genetic groups can be seen
in either of these sexes. A heat-map was constructed
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Figure 1. Ward dendrogram of male (M) and female (F) date palm trees based on combined molecular data.



138

Scree plot

) w e
o =} o
. . .

Percentage of explained variances
=

Dimensions

Figure 2. Multiple correspondence analysis (MCA) based on 30 loci
studied on date palm trees.
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Figure 3. MCA biplot: Grouping date palm trees based on first
two components. Numbers are individuals. Color gradient shows
amount of variance based on MCAfrom high to low. M; male trees
and F: female trees studied.

(Fig. 4) to group those molecular markers which show
similarity in differentiating palm tree samples.

AMOVA test also confirmed differentiation
between two male and female groups (r = 0.129, P =
0.001, Table S2).

The primers with highest degree of contribution to
genetic differentiation of male and female date palm
trees have been shown in Fig. 5. Primer bands IRAP-
Nikita_2000, 3’LTR_100, ISSR-(CA)7AT-400, SSR-MPd-
CIR048-120, are among the most contributing primers
of the first MCA axis. Similarly, primer bands IRAP-
Nikita_200, SSR-MPdCIR048-200, Nikita+SSR2_100,
are among the primers which highly contributed in
MCA axis 2.
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Figue 4. Heatmap cluster based on 30 molecular loci and male (M)
and female (F) date palm trees studied.

A much more detailed information can be obtained
from MCA-biplot (Fig. 6), which shows the presence (Y),
and absence (N), of the particular primer bands contrib-
uted in separating female (Numbers 1-20 in Fig. 5), and
male (Numbers 21-40, in Fig. 5) palm trees. It is evident
from this biplot that both presence and absence of differ-
ent primer bands of the utilized molecular markers can
together differentiate male palm trees from females.

We found some loci which are specific in
male date palm cultivars (Table 1, Fig. S1). The
MPACIR048(GA)32-SSR locus, showed specific allele
between 100-130 bps. The 110 bps band was unique
for all male trees including SabzParak, GhannamiSa-
bz, Wardi, GhannamiSorkh, GhannamiSorkh2, For-
eign malel and Foreign male2 cultivars. The 130 bps
allele was observed only in GhannamiSorkhl, Ghan-
namiSorkh2, Foreign malel and Foreign male 2 while,
allele in size of 120 bps was unique in two male culti-
vars (Sabzparak and Wardi). In EST-SSR data, one allele
in EST-PDG3119-rubisco with 200 base pairs in size
showed specificity in all male cultivars except SabzParak
male cultivar.

Similarly, IRAP-3LTR locus produced alleles
between 400 to 1600 bps which were specific at some of
the male trees (Table 1). For instance, the band in 300
bps in length was amplified in all male trees except
Sabzeparak male cultivar and were absent in all female
date palm trees.
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3.1. Association studies molecular markers and sex differ-
entiation

All association approaches produced almost similar
results and identified the same loci as the genetic regions
which are associated with sex differentiation. For exam-
ple, Fisher exact test and DAPC identified three follow-
ing marker loci after Bonferroni correction at p = 0.01:
X18 (SRAP loci), X50 X51 X53 X64 (IRAP loci), X91 X98
X108 (REMAP loci), and X171 X174 X176 (SSR loci).

These loci can efficiently differentiate male versus
female date palm trees studied (Fig. 7).

Similarly, LEMM analysis of both Lasso and Ridge
methods produced almost similar results after Bonfer-
roni correction and false discovery rate (FDR) test (Fig.
8). The loci which identified are in agreement with the
results of Fisher exact test and DAPC presented before.

Therefore, a combination of molecular markers may
be used in early-stages sex determination in date palm
cultivars with focus on highly associated marker loci.

4. DISCUSSION

Sex determination is one of the main concerns of
date palm breeders. Different studies have been reported
to introduce proper biomarkers but they are restricted
to few cultivars. Recent GWAS study revealed 112 SNPs
related to sex determination in a region with ~6 Mb at
LG 12 while other 43 SNPs dispersed on other date palm
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chromosomes (Hazzouri et al. 2019). Torres et al. (2021)
also reported four conserved genes in Phoenix males.
Some mutations in putative genes involved in sex deter-
mination (CYP703 and GPAT?3), is supposed to repress
recombination in these regions, leading to gynodioecy
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and therefore result in establishing male sex in palm
tree (Torres et al. 2021). However, genetic variations have
been observed in both sex linked and autosomal regions.
It may call more effort to find proper sex biomarker for
date palm cultivars.

In present study, we used 30 different loci may be
located in different genome regions. Base on the allele
data, 60% of alleles covered the most variable alleles. The
first two MCA components showed the highest level of
variation and enabled to differentiate male and female
trees. Most of the identified alleles in these two compo-
nents belong to SSR and IRAP loci (Fig. 5).

We used multiple correspondence analysis (MCA)
as a statistical precise method for categorical data (bina-
ry data, Abdi and Williams, 2010)

MCA bi-plot provides a picture which illustrates the
variable that can discriminates the studied individual
MCA bi-plots (Fig. 6) depicted all 250 alleles of 30 loci
studied. It clearly shows the contribution of each allele
to discrimination of male and female trees. Moreover,
different association studies in present paper identified
genomic regions which are associated with sex differen-
tiation in date palm cultivars.

In details, we introduced male specific alleles for six
important Iranian male date palm cultivars. The MPd-
CIR048 SSR locus has two alleles (100, 130 bps) which
could discriminate all male cultivars studied (Table 2).
This SSR locus located in Cytosine-S-methyltransferase
DRM2-like (DRM2). Jskani et al. (2016) also reported
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Figure 8. LFMM results showing associated marker loci with sex differentiation in date palm cultivars studied.
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Table 1. Specific alleles in male date palm trees. M1 (SabzParak), M2 (GhannamiSabz ), M3 (Wardi), M4 (GhannamiSorkh 1), M5 (Ghan-

namiSorkh 2), M6 (Foreign malel), M7 (Foreign male 2)

Locus/Male M1 M2 M3 M4 M5 M6 M7
SSR (bp)
110/120 110/110 110/110 110/130 110/130 110/130 110/130
MPACIR048 100/120 110/110 110/110 110/110 110/130 110/130 110/130
100/120 110/110 110/120 110/130 110/130 110/130 110/130
EST- PDG3119-rubisco - 200 200 200 200 200 200
IRAP-3’LTR(bp)
iggggg;ggg 100/200/300 iggfgggﬁgg 100/200/300
400/500 300/500/600/  300/500/600/ 400/500/600 400/600/800
700/800/900 900/1000/1500
1500 700/750/1500 1600 1500/1600

male specific alleles of this locus but in different size
(250bps) while we detected that allele in both male and
female trees. The 190/160 allele pattern for this SSR locus
was reported by Elmeer and Mattat (2012) in Qatar male
date palm trees. Maryam et al. (2016) also reported male
specific alleles in this locus (250/250) for Pakestani cul-
tivars. It clearly shows the pivotal role of this locus in
sex determination although different allelic patterns may
be obtained from different male cultivars due to genetic
variations of the studied cultivars. On the other hand,
Wang et al. 2020 reported that mPdIRDP52 was sex
linked for cultivars collected from China.

ISSR markers as a dominant marker showed less
discrimination power for sex discrimination. It is in
agreement with the results of the study performed by
Hassanzadeh Khankahdani and Bagheri (2019). In oth-
er plants like Trichosantes dioica Roxbi. and Hippophae
rhamnoides ssp. turkestanica ISSR markers could show
sex discrimination (Nanda et al. 2013, Adhikari et al.
2014,Das et al. 2017)

Retrotansposone based markers with their abun-
dance, mode of amplification and insertion into the
genome, have characteristics suitable for discriminate
between species or genotypes (Biswas et al. 2010). About
21% of whole genome of P.dactlylifera defined for retro-
transposons, mostly including Tyl/Copia and Ty3/gypsy
(Al-Dous et al. 2011, Al-Mssallem et al. 2013, Nouroz
and Mukaramin 2019). We used IRAP and REMAPS’
profiles between male and female date palm trees. IRAP
loci are among loci with the high degree of contribution
to total variance in our MCA analysis. However, only
one of IRAP loci (3'LTR) showed sex discrimination in
5 male cultivars. this a first report on male- link IRAP
markers in date palm trees.

Adawy et al. (2014) introduced two SCoT alleles
(850 bps and 1150 bps) in SCoT36 and SCoT4 in Egyp-
tian female date palm trees as sex-linked markers while

in present study we observed these alleles in both gen-
der. cDNA-SCoT allele based on flowering stage was also
used for development of SCAR maker by Al-Ameri et
al. (2016) for determination of male trees of Saudi Ara-
bia date palm cultivars. They believed that the differ-
ent gene expression patterns in flowering stage in male
and female trees may provide a simple and inexpen-
sive tool for sex determination. However, our literature
reviews revealed that sex linked markers in date pale
cultivars are specified in local orchards and restricted to
the countries. With regard to multilocus nature of SSR
markers, it may make different size of alleles for one
locus in different cultivars with different geographical
locations probably due to newmutations and allele adap-
tation.

5. CONCLUSION

The urgent method for sex determination in date
palm nursery orchards is pivotal for breeding industry.
Our data could provide the highest variant alleles among
30 loci studied by MCA for sex determination. We also
introduced sex specific alleles for male cultivars as a fast
track in seedlings.
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SUPPLEMENTARY DATA

Table S1. Molecular marker primers, their names and sequences used in this study.

Marker

Locus name

Sequence (57-3")

SSR (Bodian et al. 2014)

MPACIR025(GA)22-F
MPACIR025(GA)22-R
MPACIR048(GA)32-F
MPACIR048(GA)32-R
MPACIR078(GA)13-F
MPACIR078(GA)13-R
mPdCIR085(GA)29-F
mPdACIR085(GA)29-R
MPACIR090(GA)26-F
MPACIR090(GA)26-R
PdCUC3-ssr2(GA)22-F
PACUC3-ssr2(GA)22-R

GCACGAGAAGGCTTATAGT
CCCCTCATTAGGATTCTAC
CGAGACCTACCTTCAACAAA
CCACCAACCAAATCAAACAC
TGGATTTCCATTGTGAG
CCCGAAGAGACGCTATT
GAGAGAGGGTGGTGTTATT
TTCATCCAGAACCACAGTA
GCAGTCAGTCCCTCATA
TGCTTGTAGCCCTTCAG
ACATTGCTCTTTTGCCATGGGCT
CGAGCAGGTGGGGTTCGGGT

EST-SSR
(Zhao et al. 2012)

(Zhao et al. 2012)

EST-PDG3119-rubisco-F
EST-PDG3119-rubisco-R
EST-DPGO0633- Laccase -F
EST-DPGO0633-Laccase-R

CATACTGATTATTGGCACACC
GTACCATACCGTACCAGTTCA
AGACTGGTTAAGTTGGTGGAG
CTACAAAACTGATGTGGTGGT

EST-GTE-F GCTTGGCCATCTATGAAAC
EST-GTE-R ACTCTGAGCATCCATATCG
SCoT (Collard and Mackill 2009)
SCoT1 CAACAATGGCTACCACCA
SCoT2 CAACAATGGCTACCACCC
SCoT36 GCAACAATGGCTACCACC
SCoT41 CAATGGCTACCACTGACA
ISSR
(GA)9IT GAGAGAGAGAGAGAGAGAT
(CA)7AT CACACACACACACAAT
UBC849 GTGTGTGTGTGTGTGTYA
(GA)9%A GAGAGAGAGAGAGAGAGAA
UBC834 AGAGAGAGAGAGAGAGYT
SRAP (Feng et al. 2014)
ME1 TGAGTCCAAACCGGATA
ME4 TGAGTCCAAACCGGACC
EM3 GACTGCGTACGAATTGAC
EM4 GACTGCGTACGAATTTGA
IRAP
Nikita CGCATTTGTTCAAGCCTAAACC
3’LTR TGTTTCCCATGCGACGTTCCCCAACA
5LTR1 TTGCCTCTAGGGCATATTTCCAACA
REMAP
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SSR_PdCIR025_R + NIKITA
SSR_PdCIR025_R + 3’LTR
SSR_PdCIR048_R + NIKITA
SSR_PdACIR048_R + 5’LTR1
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Table S2. AMOVA test based on date palm trees in two groups:
male and female trees. df; degree of freedom, SS: sum of square,
MA: mean of square, Var: variance.

Source df SS MS Est. Var.  var%
Among Pops 1 135730  135.730 3.491 13%
Within Pops 68 1598.284  23.504 23.504 87%
Total 69 1734.014 26.996 100%
Stat Value P value

PhiPT 0.129 0.001

Zahra Noormohammadi et al.

Figure S1. Allele pattern of some femal and male date palm trees.
Left to right: first 5 samples are female and 6-9 male trees.
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