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Abstract Genetics of control mechanisms that underlies
sex differentiation in date palm is not known. Sex of the
plants becomes known only at the time of first flowering,
which takes around 5 years. In comparison, molecular diag-
nosis (if available/feasible) promises quick and reliable
identification of sex types very early when plantlets are
growing in seedbeds. To develop such an assay, genomic
DNA from 45 individual plants (25 female and 20 male)
belonging to different varieties of date palm was subjected
to PCR amplification using 100 random amplified polymor-
phic DNA (RAPD) and 104 intersimple sequence repeat
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(ISSR) primers. Initially, two bulk genomic DNA samples
(each made by pooling DNA from ten male and female
plants, separately) were used. A primer showing sex-
specific band in bulked samples was further used for ampli-
fication of the genomic DNA of the individual samples of
that bulk. Only one RAPD primer, OPA-02, amplified a
fragment of ~1.0 kb in all the individual samples of male
genotypes, whereas this fragment was absent in all the
female genotypes. This male-specific fragment was cloned
and sequenced (GenBank accession no. JN123357), and a
sequence-characterized amplified region (SCAR) primer
pair was designed that amplified a 406-bp fragment in both
female and male genotypes and a unique fragment of 354 bp
in only male genotypes. The SCAR marker was further
validated using 25 female and ten male date palm plants
belonging to different varieties collected from different
locations.

Keywords Datepalm - Sex-specific marker - RAPD -ISSR -
SCAR - Sex diagnosis

Introduction

Date palm (Phoenix dactylifera L.) is a long-living, dioe-
cious evergreen fruit tree (2n=36) cultivated mainly in
North Africa, South Asia, the USA, and Australia. Date
palm is an important plantation crop due to the high nutri-
tional quality of its fruit. Like all other dioecious plants,
female date palm plants produce fruits and male plants are
used for pollination only. Since sexuality cannot be distin-
guished prior to floral initiation, identification of sex in date
palm at an early stage is of utmost importance from the
commercial point of view as only about 8§—10 % of male
plants are required for pollination. Excess males if weeded
out at early stages, can avoid wastage of important planta-
tion resources. In absence of information on chromosomal
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and genetic basis of sex determination in date palm, molec-
ular marker-based identification of male and female geno-
types is worth exploring, which promises fast and reliable
approach to sex the plants regardless of reproductive age.

A number of sex-specific molecular markers have been
identified in several dioecious plants like Pistacia vera
(Hormaza et al. 1994), Actinidia chinensis (Gill et al. 1998),
Salix viminalis (Gunter et al. 1998), Piper longum (Banerjee et
al. 1999), Myristica fragrans (Shibu et al. 2001), Actinidia
deliciosa (Shirkot et al. 2002), Cannabis sativa (Torjek et al.
2002), Mercurialis annua (Khadka et al. 2002), Calamus
simplicifolius (Yang et al. 2005), Carica papaya (Parasnis et
al. 2000; Deputy et al. 2002; Gangopadhyay et al. 2007), and
Simmondsia chinensis (Agrawal et al. 2007; Agarwal et al.
2011; Ince et al. 2010). In date palm, some putative sex-linked
random amplified polymorphic DNA (RAPD) and
intersimple sequence repeat (ISSR) markers have earlier been
reported (Singh et al. 2006; Younis et al. 2008), but these
could not be verified on use of more number of genotypes.
Recently, Mohsenzadeh and Pasalari (2010) have reported one
RAPD marker, which produced a male plant-specific 520-bp
fragment in “Zamardan,” an Iranian date palm cultivar.

The sequence-characterized amplified region (SCAR)
markers, generally developed from RAPD and ISSR frag-
ments, are locus-specific and more reliable and more repro-
ducible for molecular identification (Paran and Michelmore
1993). SCAR markers linked to sex-specific genes have
been developed in many dioecious plants like C. papaya
(Bedoya and Nunez 2007), P. vera L. (Yakubou et al. 2005),
and Cycas circinalis (Gangopadhyay et al. 2007), and Gink-
go biloba L. (Liao et al. 2009). In the present study, we have
developed a sex-specific SCAR marker for reliable sexing
of date palm plants.

Material and methods
Plant material
Identification and development of sex-specific marker/s

For identification and development of sex-specific marker(s),
young leaf samples were collected from fully mature trees of a
total of 45 genotypes of P. dactylifera L. (ESM_Table S1) that
comprised 20 male genotypes of unknown origin and 25
female genotypes belonging to seven different commercially
important varieties [“Hillawi” (H1-HS), “Zaidi” (ZA1-ZA4),
“Khadrawy” (KH1 and KH2), “Zaglool” (ZG1 and ZG2),
“Shamran” (SH1), “Egypt” (EG1), and “Medjool” (MD1)]
as well as some female plants of unknown origin (UF1—
UF6). All trees are growing at the Horticulture Farm Area,
Chaudhary Charan Singh Haryana Agricultural University,
Hisar, Haryana, and these represent some of the commerecial
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cultivars introduced from the USA, Pakistan, and Middle
Eastern countries, which harbored considerable genetic diver-
sity (Mitra et al. 2011).

Validation of sex-specific SCAR marker

Young leaf samples collected from 25 female plants and ten
male plants belonging to different varieties growing at Date
Palm Research Centre, Swami Keshwanand Rajasthan Agri-
cultural University, Bikaner, Rajasthan, India (ESM_Table S2)
were used for validation of sex-specific SCAR marker. In
addition, young leaves were also collected from ten date palm
seedlings (grown in pots in a net house at the Horticulture
Farm Area, Chaudhary Charan Singh Haryana Agricultural
University, Hisar, Haryana) for prediction/possible future use.

Genomic DNA isolation and PCR amplification

Genomic DNA was isolated from young leaf samples using
cetyltrimethylammonium bromide (CTAB) extraction
method of Murray and Thompson (1980), as modified by
Saghai-Maroof et al. (1984) and by Xu et al. (1994).
Isolated DNA samples were dissolved in TE buffer
(10 mM tris—HCI1 and 1 mM ethylenedinitrilo-tetraacetic
acid (EDTA), pH 8.0) and their quality/quantity was deter-
mined by visual assessment and band intensity compari-
sons with standard uncut lambda DNA (Fermentas, USA)
on 0.8 % agarose gel made/run in 1x TBE buffer (89 mM
Tris base, 89 mM Boric acid, 2 mM EDTA, pH 8.0). All
DNA samples were diluted to a concentration of ~50 ng/pl
using TE buffer and stored at —20 °C.

Since sex was the target trait, two bulked DNA samples
were prepared by pooling an equal amount (50 ng) of
genomic DNA from ten male and ten female plants, sepa-
rately. A total of 100 RAPD primers (Operon Technologies
Inc., USA) and 104 ISSR primers (University of British
Columbia, USA; synthesized locally by Sigma-Aldrich
Chemical Pvt. Ltd., New Delhi, India) were used to amplify
the bulked DNA samples. On the basis of clear, scorable,
and reproducible amplification banding patterns, 37 RAPD
and 53 ISSR primers were selected for individual genotype
analysis (ESM_Table S3). Polymerase chain reaction (PCR)
amplifications were carried out using MyCycler Thermal
Cycler (Bio-Rad Laboratories Ltd., UK).

Each reaction for RAPD-PCR (20 pl) consisted of 1x PCR
buffer, 250 uM dNTPs (Fermentas, USA), 0.25 uM primer,
1.5 mM MgCl,, 1.5 U Taq DNA polymerase (Bangalore
Genei Ltd., India), and 50 ng of template DNA. PCR ampli-
fications were performed as follows: an initial denaturation
step of 4 min at 94 °C, followed by 40 three-step amplification
cycles, each comprising of 1 min at 94 °C, 1 min at the
annealing temperature (36 °C), and 2 min extension at
72 °C. A final extension step at 72 °C for 8 min was included.
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Each ISSR-PCR reaction (10 pl) contained 1x PCR
buffer, 500 uM dNTPs (Fermentas, USA), 0.5 uM primer,
3.0 mM MgCl,, 1.5 U Taqg DNA polymerase (Bangalore
Genei Ltd., India), and 25 ng of template DNA. PCR am-
plification was carried out as follows: an initial denaturation
step of 4 min at 92 °C, followed by 40 cycles of 1 min at
92 °C, annealing for 1 min at 36-66 °C (depending upon the
guanine-cytosine (GC) content of the primer), and extension
at 72 °C for 2 min, with a final extension step at 72 °C for
8 min.

All PCR-amplified DNA fragments were resolved by
electrophoresis in submerged horizontal agarose gels
(1.5 % wi/v), stained with 0.5 ug ml™" ethidium bromide,
visualized, and photographed using the AlphaDigiDoc
Pro™ documentation system (Alpha Innotech Corp., San
Leonardo, CA, USA).

Data analysis

The RAPD and ISSR primer-generated banding profiles of
the two bulked DNA samples were compared to identify
presence of amplified fragment(s) that were apparently sex-
specific. The RAPD/ISSR primers amplifying sex-specific
bands (ESM_Table S4) were tested further on the individual
samples that were used to prepare the male (M1-M10) and
female (F1-F10) DNA bulks (ESM_Table S1) and, finally,
validated by testing on male and female date palm plants
(ESM_Table S2) that were not used earlier.

Cloning and sequencing of male-specific RAPD marker

The ~1,000-bp putative male-specific fragment amplified by
RAPD marker, OPA-02, was eluted from 1.5 % agarose gel
using QIAquick gel extraction kit (Qiagen Inc., USA) and
cloned into pJET1.2 plasmid using CloneJET™ PCR clon-
ing kit (Fermentas, USA). Cloned DNA fragment was am-
plified using universal primers, and the resulting amplicon
was sequenced directly for both strands after ExoSAP-IT
clean up kit (USB Corporation, USA) on the automated
sequencer ABI-3730 (Applied Biosystems, USA), and the

sequence was deposited in GenBank (accession no.
IN123357).

SCAR primer designing and PCR amplification
using the SCAR primers

SCAR primer pair (sequence shown in Table 1) was designed
(patent filed; application no. 1513/DEL/2010 dated 29/6/10)
based on the sequence of male-specific RAPD marker using
the Primer-BLAST tool (http:/www.ncbi.nlm.nih.gov/tools/
primer-blast/). This primer pair was tested on DNA of male
and female date palm genotypes using PCR amplification
conditions as follows: 94 °C for 4 min, 35 cycles at 94 °C
for 1 min, at the annealing temperature of 55 °C for 1 min and
72 °C for 2 min, and a final extension at 72 °C for 8 min. This
thermal profile was standardized according to the specific 7y,
of the primer pair. PCR reactions were carried out in 20 pl of
the reaction mix containing 1x PCR buffer, 250 uM dNTP
mix (Fermentas, USA), 0.125 uM each of forward/reverse
primer, 1.5 mM MgCl,, 1.5 U Taq DNA polymerase (Banga-
lore Genei Ltd., India), and 50 ng of template DNA. Ampli-
fied DNA fragments were resolved on 1.5 % TBE agarose gel,
stained with ethidium bromide, and visualized under ultra
violet (UV) light.

Results

Identification of putative sex-specific marker

Six RAPD primers and ten ISSR primers showed differ-
ences in banding pattern of amplified fragments in the
bulked DNA samples of male and female genotypes
(ESM_Table S4). Subsequently, when tested further on in-
dividual male and female samples, only one RAPD primer,
OPA-02, amplified a male-specific fragment of 1.0 kb con-
sistently (Fig. 1), while all other primers amplified the
putative sex-specific fragments in some of the genotypes
but not exclusively in any one sex. Thus, only the OPA-02-
derived male-specific fragment was selected for further

Table 1 Details of the original
RAPD and derived sex-specific
SCAR marker developed in the
study

RAPD primer
Size of RAPD marker

GenBank accession no. of RAPD amplicon

SCAR primers/amplicon size
SCAR dpF (forward)
SCAR dpR (reverse)

Annealing temperature

Size of amplified fragment in male

Size of amplified fragment in female/male

Original RAPD primer/identified marker

OPA-02
1,031 bp
IN123357

STTTTGGGCTTGTCTAGCATC 3’
S'GTTCTGCAAAATTAAAGAGAAAAGGT 3’
55 °C

354 bp

406 bp
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Fig. 1 RAPD profiles of male o PR
and female date palm genotypes
generated using Operon primer
OPA-02. The arrow indicates
the male-specific putative
fragment of ~1.0 kb. Lanes FI-
F25 individual female
genotypes, M1-M20 individual
male genotypes, Bf bulked
genomic DNA of female
genotypes, Bm bulked genomic
DNA of male genotypes, M
200-bp DNA ladder

studies, i.e., cloning/sequencing and conversion to SCAR
marker.

Sequence analysis of OPA-02-derived putative
male-specific fragment

The complete generated sequence of putative male-specific
RAPD fragment was 1,031 bp in length (Fig. 2) having a
GC content of 34.5 % (A=338, C=212, G=144, T=337)
(Fig. 2). The sequence (GenBank accession number
JN123357) didn't show homology to any database sequence
on BLASTn search (http://www.ncbi.nlm.nih.gov/Blast.cgi).
Similarly, the sequence was also searched for putative protein
coding domains using open reading frame (ORF) finder
(http://www.ncbi.nlm.nih.gov/gorf/gorf.html), which indicat-
ed relatively short four open reading frames of sizes 111 bp
(1-111 bp), 117 bp (108-224 bp), 171 bp (556726 bp), and
213 bp (818-1,030 bp). These ORFs, when compared with
protein sequences available in the NCBI database using
nBLASTDp, revealed no homology for two of the ORFs (111
and 171 bp), while the other two ORFs showed partial simi-
larity to database sequences, i.e., 39 % similarity of ORF of
117 bp (coding for 38 aa) with hypothetical protein
ARALYDRAFT 908343 (Arabidopsis lyrata subsp. Lyrata)
and 40 % similarity in the case of ORF of 213 bp (coding for
70 aa) with bacterial hypothetical proteins F7308 0042
(Francisella sp. TX077308), Fphi_0775 (Francisella
philomiragia subsp. Philomiragia), and DESPIG 01975
(Desulfovibrio piger ATCC 29098).

Conversion of RAPD marker into SCAR marker

This primer pair designed from the sequenced RAPD frag-
ment, when tested on individual samples, resulted in an
amplicon of 406 bp in both female and male samples, but
interestingly, also gave a unique amplicon of 354 bp only in
male samples (Fig. 3), thus indicating it to be an informative
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male-specific SCAR marker. To further validate the results,
the SCAR primer pair was also tested on another 25 female
and ten male plant samples belonging to different varieties
collected from Date Palm Research Centre, Swami
Keshwanand Rajasthan Agricultural University, Bikaner.
Significantly, the marker correctly differentiated all the male
samples (characterized by the additional amplicon of
~300 bp) from the female samples (Fig. 4). We have also
tried to predict the sex of ten young seedlings using the
SCAR maker. The results suggest that three of the seedlings
should be male as they carry male-specific amplicon, while
the remaining seven seedlings should be females (Fig. 5).

Discussion

Currently, there is no reliable method to identify sex of the
date palm seedlings at the early stages, though there has
been significant progress in our understanding of sex-
determining mechanisms in date palm using traditional
means. There are no easily distinguishable sex chromo-
somes in date palm, despite some cytological evidence that
they exist (Siljak-Yakovlev et al. 1996). As biochemical
studies have yielded little insight into how to identify the
gender of immature plants (Qacif et al. 2007), the identifi-
cation of DNA sequences or sequence polymorphisms that
are gender-specific offers a promising alternative to effi-
ciently determine date palm gender. In the present study,
we report, for the first time (to the best of our knowledge), a
robust male-specific SCAR marker that can discriminate
male and female date palm plants quite accurately. Although
some putative sex-linked RAPD and ISSR markers in date
palm have been reported earlier (Singh et al. 2006; Younis et
al. 2008), the same could not be verified when tested on
additional unrelated samples (our unpublished data).
Knowledge on the gender of the seedlings prior to their
transplantation in the field is useful to obtain a desired ratio
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OPA-02 primer —-5’-end

TGCCGAGCTGCAAGCCAAAATTTCACAAACCATAACTTAGTTATACAACGTCCGATTAACATAATCTTT
TTTTTAAAAAAATCAGATAGTTTTCCGAAATCTATAATATGACGCCACACTCTTTAGAGGACAGCGCCC
GAGCGATCGAGAGATTTAAGCCCTACTTTCATAATTTAGGGGGCGCCCTCCTTTTTGATTCATTAATTG
AAGAAAATTGGACGTAATTTCTACTTTTGTAATTCCTCCATCTTCTTTTAATTTTCTTTTAAGAGATTC
GAGTTGAACAGGTTGAAAAAAATCTTTTTTCTTTCTGATCGGAGCATTCTCATACGCAATTATGTAGAC
TAGATATCCCTAAACAACCTCTTAAATATTGGTTTTGCAAAAAAATATTGGATTCATCCTTCTTTCTAT
AGGGCAGTACATAGTTAGGGCATTATACTTCAATGTAAGCATAAAGCAAGCAACGATCTAAATAAATAC
ATATTAAATATTTAAATAATACACCTCGAACTCTAAACCCTAATTCCTGAACTCTAAATTGTAAACCAT
CATATGTTTATGCATATATCGAGTAATTTAAATTTGCATATAACCTATCTCATACTTAGGACCAAGAGA

CAAAATCATCGTGGAATCTTAAATATGTATTGTTCTGCAAAATTAAAGAGAAAAGGTAATCTTTTCTTA

CAAAATCAACATTTAAGTTCAAAATTCACCTTGTGAGAATGGAATCTTTTTATTGTCATTTTCTATTGG

ATCAATCAAGCCTAGCAATCTAATGTGCATTGTCTAATGTTCTGCAGAATCTCACAATTTGGACCCATG

GTGTCTTCCTTATACTCTAGACACTTTACCCAATATTATTTGGGCTAAATTGCCTAGTTTGGACTTATT

TGACAGACATGTCCACCTAGACCCACACAACCCTAAGCCATTTATTTTAGAATTAGGCCAAGCTCATTC

ACCCGATCTCTTCGATCCGGATGCTAGACAAGCCCAAAACTCCAGCAACCACCATCAGCTCGGCA

OPA-02 primer (3’end)

Fig. 2 Nucleotide sequence (1,031 bp) of the cloned male-specific RAPD fragment. Highlighted ends show the sequence of Operon primer OPA-
02 used for initial amplification of the fragment. Highlighted boldfaced italicized nucleotides define the forward and reverse SCAR primers

of male and female plants and also to make best use of the Obtaining a marker linked to a gene or genomic region
available resources, especially land usage. through molecular marker analysis generally requires
Fig. 3 Profiles of male and Fl == - <= F5 - = = = F10 M M1 = - - M5 = == -=- - MI0 M Bf Bm

female date palm genotypes
showing amplicons generated
using a SCAR primer pair
(Table 1) developed in the
study. Note that the 406-bp
fragment is amplified in all FETE S, ¢ VR

samples, while the fragment of S U Gb Gh SR an an &
354 bp is seen only in lanes of
male genotypes. Lanes FI-F25
individual female genotypes,
MI1-M20 individual male
genotypes, Bf bulked genomic
DNA of female genotypes, Bm
bulked genomic DNA of male
genotypes, M 200-bp DNA
ladder

F11 --- --- -e- F15 - s e cee F20 === w- oo woe F25 M M11 - -oee eeoe MI5 =2 ooe ee -oee M20

406 bp
= 354 bp
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Fig. 4 Profiles of male and F1
female date palm genotypes
collected from Date Palm
Research Centre, Bikaner
showing amplicons generated
using a SCAR primer pair
developed in the study

(Table 1). Note that the 406-bp
fragment is amplified in all
samples, while the fragment of
354 bp is seen only in lanes of F16
male genotypes. Lanes FI-F25
individual female genotypes,
MI1-M10 individual male
genotypes, M 200-bp DNA
ladder

F2 F3 F4 F5

F17 F18 F19 F20 F21

screening of a very large number of primers, which seemingly
is a direct outcome of the genome size and the genome
coverage by the tested markers, albeit with some degree of a
chance success. In this study, we tested a total of 204 primers
(100 RAPD and 104 ISSR primers) to amplify/identify one
potential male-specific marker. Hormaja et al. (1994) screened
1,000 primers in P. vera and found only one female-associated
marker. In S. viminalis, Gunter et al. (1998) screened 700
primers for identification of a sex-linked marker. Shibu et al.
(2001) used 60 RAPD primers for identification of sex-
specific DNA markers in the dioecious tree, nutmeg. Yang et
al. (2005) obtained a 500-bp male-specific DNA fragment
after screening a total of 1,041 RAPD primers in C.
simplicifolius. The present study also reconfirms the utility
of bulk segregant analysis (BSA), especially when one needs
to test a large number of markers on a large number of
samples. Bulked segregant analysis has earlier been used
successfully to identify molecular markers associated with
sex determination in several dioecious plant species (Mulcahy
et al. 1992; Hormaza et al. 1994). The male-specific fragment
was cloned and sequenced, and its GC content was compara-
ble to similar male-specific sequences reported in other plants,
e.g., 39.9 % for MADC and 40.4 % for MADC?2 in C. sativa

S1 S2 S3 S4 S5 M Sé

Fig. 5 Profiles of young seedlings of date palm genotypes showing
amplicons generated using a SCAR primer pair (Table 1) developed in
the study. Note that lanes S4, S7, and S9 have the male-specific

@ Springer
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Fo F7 F8 F9 F10 F11 F12 F13 F14F15 M M1 M2 M3 M4 M5

L. (Mandolino et al. 1998) as well as 45 % for OPA10-710 and
33 % for OPN11-1095 in Aucuba japonica Thunb. (Maki
2009). Further, the male-specific sequence identified in this
study did not reveal significant similarity to any known se-
quence in the NCBI database and showed only short ORFs,
with only one of them showing relatively poor similarity to a
hypothetical protein of a bacterium. Similar observations were
reported for some of the sex type-linked molecular markers
that are reported in other species. Liao et al. (2009) identified
two sex-specific fragments in G. biloba L. by using RAPD
primers, which did not share significant similarity to any
known sequence in the NCBI database and had no ORFs.
Similarly, Li et al. (2010) observed no sequence homology for
a 500-bp male-specific fragment in C. simplicifolius, which
also had short ORFs with no homology to any known gene.
These observations are expected, as molecular tags identified
using anonymous genomic markers are usually from the ge-
nomic region(s) controlling the associated trait but not part of
the gene(s).

The main significance of our study is that one new SCAR
markers has been developed from RAPD marker for sex
identification in date palm. Although this RAPD marker
(OPA-02) could discriminate male plants from female plants

S7 S8 S9 S10

406 bp
: 354 bp

fragment of 354 bp in addition to the 506-bp fragment, which is shared
by all samples. Lanes SI-S10 ten seedling samples, M 200-bp DNA
ladder
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efficiently but SCAR markers possess several advantages
over RAPD marker, such as: (1) robust reproducible PCR
amplification (Paran and Michelmore 1993) with minimum
effect of reaction conditions and (2) locus specificity ame-
nable to easy detection/scoring on agarose gel. The SCAR
primer pair (SCARdpF and SCARdpR) designed in the
study was found efficient and accurate in identification of
sex of date palm plants when tested repeatedly (at least
twice) and on multiple unrelated samples of different vari-
eties (90 samples including 50 female plants, 30 male
plants, and ten seedlings) collected in nature from different
geographical regions (HAU, Hisar and RAU, Bikaner).

Conclusion

In this study, one new SCAR marker was developed for sex
identification of date palm. This SCAR marker was validat-
ed to be a reliable indicator of the sexuality of date palm. As
this diagnostic procedure to accurately predict the sex of
date palm plants can be used at a very early stage, it would
be of immense importance to growers while establishing
date palm plantations.
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