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Abstract

Background: Date palm (Phoenix dactylifera L.) is an important tree in the Middle East and North Africa due to the
nutritional value of its fruit. Molecular Breeding would accelerate genetic improvement of fruit tree through marker
assisted selection. However, the lack of molecular markers in date palm restricts the application of molecular
breeding.

Results: In this study, we analyzed 28,889 EST sequences from the date palm genome database to identify
simple-sequence repeats (SSRs) and to develop gene-based markers, i.e. expressed sequence tag-SSRs (EST-SSRs).
We identified 4,609 ESTs as containing SSRs, among which, trinucleotide motifs (69.7%) were the most common,
followed by tetranucleotide (10.4%) and dinucleotide motifs (9.6%). The motif AG (85.7%) was most abundant in
dinucleotides, while motifs AGG (26.8%), AAG (19.3%), and AGC (16.1%) were most common among trinucleotides.
A total of 4,967 primer pairs were designed for EST-SSR markers from the computational data. In a follow up
laboratory study, we tested a sample of 20 random selected primer pairs for amplification and polymorphism
detection using genomic DNA from date palm cultivars. Nearly one-third of these primer pairs detected DNA
polymorphism to differentiate the twelve date palm cultivars used. Functional categorization of EST sequences
containing SSRs revealed that 3,108 (67.4%) of such ESTs had homology with known proteins.

Conclusion: Date palm EST sequences exhibits a good resource for developing gene-based markers. These genic
markers identified in our study may provide a valuable genetic and genomic tool for further genetic research and
varietal development in date palm, such as diversity study, QTL mapping, and molecular breeding.
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Background
Date palm (Phoenix dactylifera L.) is a dioecious, peren-
nial, monocotyledonous fruit tree belonging to the family
Arecaceae, originated in Mesopotamia [1]. Date palm is
one of the world’s first cultivated fruit trees representing
an ancient group of fruit trees including olive and fig [2].
It is cultivated across the tropical and subtropical areas of
South Asia and Africa. As with many other plants, genetic
diversity of date palm in its center of origin is threatened
by habitat loss due to deforestation, population pressure,
and clearance for agriculture development [3]. Moreover,
developing elite cultivars using a few genetic materials
from gene pool and using offshooting propagation inten-
sively in date palm breeding could further cause the loss
of genetic diversity, which resulted in plants vulnerable to
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genetic erosion. Therefore, preservation and evaluation of
genetic diversity are critical and timely concerns in the
conservation of date palm germplasm [3].
Genetic variation in the date palm germplasm has

been traditionally characterized using morphological
descriptors. However such morphological markers are
often unreliable and ambigous because of the influence
of environmental factors and confounding effects of de-
velopmental stage of the plant [4]. Further, detecting
genetic variation using morphological traits is time con-
suming and laborious. The most challenging constraint
to tree breeding is the long generation cycle and the
many years necessary before the productivity traits are
expressed. Thus, any tool that provides a short cut to
breeding would be invaluable in the improvement of tree
crops such as date palm. For instance, if traits, such as
disease and pest resistance, and maleness or females
(sex) of the clone, can be determined at an earlier
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Table 1 Number of SSR motifs mined from EST sequences
in Date Palm

SSR motif Number of SSR Frequency (%)

Mononucleotide 135 2.3

Dinucleotide 575 9.6

Trinucleotide 4,171 69.7

Tetranucleotide 624 10.4

Pentanucleotide 150 2.5

Hexanucleotide 326 5.5

Total SSRs 5,981
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developmental stage using linked molecular markers
without the cumbersome phenotyping, it will allow
breeders to select elite trees with desirable traits
quickly saving time and resource. The advent of mo-
lecular biology techniques has provided DNA - based
markers for detection of genetic polymorphism in the
plant germplasm and also those arise de novo due to
mutation and somaclonal variation. Many studies re-
port the use of molecular markers to study the genetic
diversity and genetic relationship in date palm, includ-
ing randomly amplified polymorphic DNAs (RAPDs)
[5-10], Amplified fragment length polymorphic (AFLP)
[11-13], and simple sequence repeat (SSR) [14-17].
The date palm genome has 36 chromosomes (2n=2x=36),

and the genome size was estimated between 550 Mb [18]
and ~658 Mb long [19]. When compared to many other
crop species, there has been relatively little investment
in date palm molecular genetics research, resulting in
serious constraint of an under-developed infrastructure
of genetic and genomic tools. The overall molecular
toolbox for data palm is limited although some molecu-
lar markers were developed and used including SSR
markers, which are not enough to efficiently assess di-
versity, to construct genetic linkage map, and to use
marker-assisted breeding in date palm.
Recent trends in plant research is towards the use of

gene-targeted rather than random DNA markers as in-
expensive and speedier estimation of genome sequence
lately offer enormous potential for the development of
such gene-based markers [20]. Gene-based markers are
more useful in mapping of quantitative trait loci (QTL),
molecular breeding, and gene cloning. The Expressed
Sequence Tags (EST)-SSRs are also referred to as genic
SSRs. EST-derived SSRs form a valuable genetic marker
type, a class of functional markers as a putative function,
in mapping candidate genes. Distribution of genic SSRs
on the genetic map will show the distribution of genes
in the genome. Thus, EST-SSRs have been widely used
to construct high-density linkage maps in recent years
[21-23] and some EST-SSRs associated with phenotype
are useful in marker assisted breeding programs [24,25].
Another important feature of the genic SSR markers is
that, unlike genomic SSRs, they are transferable among
related species and genera [26].
To date, no gene-based markers have been identified

in date palm. The challenge remains not only to identify
genes that are responsible for the traits of agronomic
interest, but also to identify the gene-related markers
that could be used in a breeding program. Therefore, the
need is urgent to expand the density and availability of
DNA markers, particular gene-based markers for the
possibility of molecular breeding in date palm, and to
survey the status of molecular characterization of traits
of interest across date palm germplasm.
A large number of EST sequences in date palm identi-
fied by [19] using de novo next-generation sequencing
have provided a useful resource to develop gene-based
markers. The aim of this study was to characterize genic
markers, EST-SSRs, in date palm, to evaluate and com-
pare the frequency and distribution of various types of
EST-SSRs in genic sequences, and to develop EST-SSR
markers as genetic and genomic tools for date palm.

Results
Frequency and distribution of EST-SSRs in date palm
By screening 28,889 assembled date palm EST sequences,
we identified 4,609 (16%) as containing SSRs. Because
some EST sequences harbored more than one motif, a
total of 5,981 various motifs were found from these SSRs
(Table 1). Assuming the average length of EST sequences
is 500 bp, approximately 14.4 Mb (2.2% of the date palm
genome) were analyzed in this study, resulting in a fre-
quency of at least one SSR per 2.4 kb in date palm EST
sequences. Among motifs identified, trinucleotide motif
(69.7%) was most abundant, followed by tetranucleotide
(10.4%) and dinucleotide (9.6%) motifs (Table 1). For di-
nucleotide motifs, AG (85.7%) was highly abundant, while
in trinucleotide motifs, AGG (26.8%) was predominant,
followed by AAG (19.3%), and AGC (16.1%) (Table 2).
To survey the trend of repeat number in various

motifs, the distribution of EST-SSRs with various motifs
was studied across different repeat numbers. Our results
show that the distribution of all di-, tri-, tetra-, penta-,
and hexa-nucleotide EST-SSRs was skewed generally to
the smaller number of repeats (Figure 1). A few higher
repeat numbers were observed in di- and tri-nucleotide
SSRs, but in tetra-, penta-, and hexa-nucleotide SSRs, no
repeat number was found beyond 6. The average num-
ber of repeats in date palm EST-SSR markers was 3.94
repeats per SSR with the range from the low average
number (3.03) in pentanucleotide motifs to the high
average number (5.26) in dinucleotide motifs.

EST-SSR marker development and polymorphism detection
We designed 4,967 PCR primer pairs from the chosen
5,981 SSR motifs of date palm; this small reduction was



Table 2 Frequency of different type of motif in
dinucleotide and trinucleotide SSRs

Type of motif Number of SSR Frequency (%)

AT/TA 31 5.4*

AG/GA/CT/TC 493 85.7

AC/CA/TG/GT 47 8.2

GC/CG 4 0.7

AAG/AGA/GAA/CTT/TTC/TCT 805 19.3**

AAT/ATA/TAA/ATT/TTA/TAT 22 0.5

ATG/TGA/GAT/CAT/ATC/TCA 438 10.5

AAC/ACA/CAA/GTT/TTG/TGT 99 2.4

ACC/CCA/CAC/GGT/GTG/TGG 414 9.9

AGG/GGA/GAG/CCT/CTC/TCC 1,119 26.8

AGT/GTA/TAG/ACT/CTA/TAC 38 0.9

AGC/GCA/CAG/GCT/CTG/TGC 673 16.1

ACG/CGA/GAC/CGT/GTC/TCG 178 4.3

GGC/GCG/CGG/GCC/CCG/CGC 385 9.2

*Frequency of motifs in total number of dinucleotide SSRs.
**Frequency of motifs in total number of trinucleotide SSRs.
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because some EST sequences did not possess enough
length of flanking sequences of SSR for designing pri-
mers. These EST-SSR primers were named as DPGxxxx,
where DPG was referred to date palm gene-based mar-
kers and to differentiate from those SSR markers devel-
oped from genomic sequences in date palm, such as
those developed by [27-29]. The new designed EST-SSR
primers were listed in the Additional file 1, along with
information on their Tm, GC%, product size, and corre-
sponding EST sequences.
To validate 4,967 EST-SSR markers, we chose a sam-

ple of 20 primers randomly from this collection to assess
their functionality and ability to detect polymorphism
using a template of genomic DNAs isolated from twelve
date palm cultivars. Among 20 primer pairs used, one
Figure 1 Distribution of EST-SSRs with various motifs across different
did not produce a visible amplicon, while other 19 gen-
erated amplicons of expected product sizes. Six (30%) of
19 markers identified genetic variation among 12 date
palm cultivars (Figure 2).

Functional annotation of the EST sequences containing SSRs
All EST sequences containing SSRs were used in a search
of homology for proteins in the NCBI database by the
Blast approach. We detected 3,108 sequences (67.4%) as
having homology with known proteins, while 787 (17.1%)
were homologous to expressed, hypothetical or unknown
proteins. The remaining 714 (15.5%) sequences did not
possess homology with any known proteins.
Studies on gene ontology focus on three categories,

viz., biological process, molecular function, and cellular
component, as representing gene product properties.
The gene ontology categorization of date palm EST
sequences containing SSRs using Blast2GO in our study
revealed that 52% of them classified as involved in bio-
logical process for “cellular process” and “metabolic
process”. While 49% and 38% of such sequences were
homologous to proteins with “binding” and “catalytic ac-
tivity” of molecular function, respectively. Finally, 51%
and 40% of them were homologous to proteins involved
with the cellular component, “cell” and “organelle”, re-
spectively (Figure 3).

Discussion
As the next-generation DNA sequencing is becoming
more quicker and inexpensive, vast amounts of sequence
data is now being generated exponentially and publicly
available, including large number of ESTs from different
plant species. These sequences represent a potentially
useful resource for mining SSR markers. In this study,
we have identified 4,609 date palm EST sequences con-
taining SSRs from a total of 28,889 sequences. The fre-
quency (16%) of SSRs in genic sequences of date palm
repeat numbers.



Figure 2 Polymorphism detected by three EST-SSR markers among 12 date palm varltivars.
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was lower when compared to other plant species. For in-
stance, the frequency of SSRs detected was 33.3% in cit-
rus [30], 28.4% in castor bean [31], 24% in Iris [32].
However, this frequency in data palm (16%) is greater
than those detected in oil palm with 6.1% [33]. The SSR
density in date palm is one per 2.4 kb, which is also
lower than other plant species (one per 1.97 kb in citrus,
one per 1.77 kb in castor bean). However, the frequency
of SSRs is depended on the criteria used to identify SSRs
in the EST sequence database.
The most common dinucleotide SSR motif was AG

which comprised of 85.7% dinucleotide motifs in date
palm EST sequences. The motif AG is the most abun-
dant and highly polymorphic in both annual and peren-
nial plants including apple and citrus [30,34]. Mun et al.
[35] have compared the frequency of motif AG in ESTs
vs genomic sequences, and found that the higher fre-
quency of motif AG in EST than in genomic sequences,
for M. truncatular, soybean, L. japonicus, Arabidopsis,
and rice. Among trinucleotide SSR motifs in date palm,
AGG and AAG were the more abundant than other
types, while in tetranucleotide SSR motifs, AAAG
(19.2%), AAGG (14.3%), and AGGG (13.3%) were more
common than other types. Although the role of the SSR
motif in the function of plant genes is poorly under-
stood, there is evidence showing that motif AG in the 5’
UTR of the waxy gene is related to the amylase content
in rice and motif CCG in 5’ UTR in ribosomal protein
genes involved in the regulation of fertilization in maize
[26]. In date palm, the AG rich content existing genic
SSRs and the role of these motifs in the function of
genes containing SSRs needs to be further investigated.
Putative functional annotation and categorization of

EST sequences containing SSRs in this study revealed
that these sequences are involved in various aspects of
date palm development. The majorities of transcripts
were assigned with “cell” and “organelle” in the cellular
component category, involved in “binding” and “catalytic
activity” in the molecular function category, and involv-
ing in “cellular activity” and “metabolic activity” in the
biological process in date palm. Similar results were
reported in citrus [30].
Trinucleotide SSRs were the most common, followed by
tetra- and dinucleotide SSRs in date palm EST sequences,
which is consistent with the most cases in other plant spe-
cies. The abundance of trinucleotide SSRs in EST sequences
was attributed to the tolerance of frameshift mutations in
coding regions [26]. There is evidence that EST-SSRs
located in coding regions appear to reveal equivalent levels
of polymorphism as compared to those located in UTRs
[36]. Thus, EST sequences are indeed an excellent resource
for mining SSRs in date palm.
While there are a few reports on SSR markers from gen-

omic sequences in date palm, only 56 genomic SSR mar-
kers have been identified [27-29]. Increased availability of
these markers would aid in the genetic and genomic stud-
ies in date palm as they are better tools than RAPD mar-
kers because of their co-dominant inheritance, multi-allelic
nature, and high reproducibility [5,37-41]. In this study, we
report identification of a vast number (4,967) of EST-SSR
markers in date palm. Using 20 randomly selected mar-
kers, we detected 6 (30%) as identifying polymorphism on
a panel of one dozen date palm cultivars. This approach
may hold promise for development of a substantial num-
ber of informative high-density EST-SSR markers in date
palm, large enough to be of value in breeding. These novel
markers will not only uplift the repertoire of DNA markers
to enrich the genetic and genomic tools, but also facilitate
further genomic research in date palm, such as compara-
tive mapping, molecular breeding, and gene cloning be-
cause they are derived from transcripts. Such expression
profiling can also used to identify agronomically relevant
genes based on synteny relationships between plant gen-
omes [20].
Applications and potential uses of EST-SSR markers in

plants have proved to be useful in the assessment of
genetic diversity [33,42], and also valuable in the identifi-
cation of gene-inked markers [43,44]. In date palm, lack
of gene-related markers has so far limited the applica-
tion of molecular breeding of this crop. Identification of
marker related to gender is especially important in date
palm farming as such markers help in easier elimination
of male plants. Al-Dous et al. [19] have identified a vast
amount of SNPs and a region of the date palm genome



Figure 3 Characterization of date palm EST-SSRs by gene ontology categories.
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Table 3 Date palm cultivars used for validation of
EST-SSR markers

Accession number Cultivar Country

PI555400 Abada USA

PI80781 Amir Hajj Iraq

PI8739 Ashrasi Iraq

PI36818 Bentamoda Sudan

RPHO25 Black Sphinx USA

PI555420 Boyer#1 USA

PI555421 Crane USA

PI8567 Dayri Oman

PI8760 Hilali Oman

PI15026 Horra Tunisia

PI11801 Khir Saudi Arabia

PI74204 Medjool Morocco

PI10891 Thoory Algeria
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linked to gender. The EST-SSRs we reported in this
study can potentially be an useful genomic tool in
addition to SNPs as they provide a potential resource for
association mapping of gender related genes as well as
other traits of interest. The large number of gene-based
markers can be used in comparative mapping to study
colinear order of genes and synteny among close related
date palm species due to their high transferability. They
can also be utilized to understand genetic diversity in
different oases and populations in date palm for its con-
servation and sustainable use. Once molecular markers
linked to desirable traits are identified, marker-assisted
selection in breeding will facilitate genetic improvement
of this valuable crop species.

Conclusion
This study sought to ascertain the frequency and distri-
bution of SSRs in the date palm EST sequences and de-
velop gene-based markers EST-SSRs for subsequent
application in genetic and genomic studies. The EST-
SSR markers identified and characterized in our study
may provide an useful tool for research on genetic diver-
sity, gene mapping, and marker-assisted selection in date
palm. The functional categorization of date palm EST
sequences containing SSR revealed that these ESTs rep-
resent many transcribed genes with biology, cellular and
molecular function. Therefore, while allowing studies on
genetic variation, SSR markers derived from EST
sequences also provides information on gene function
related to possible phenotypic differences between the
date palm cultivars.

Methods
Publicly available date palm EST sequences were obtained
from the database: http://qatar-weill.cornell.edu/research/
datepalmGenome/download.html. A total of 28,889 EST
sequences were used to mine SSRs with the cutoff of re-
peat number ≥ 5 for dinucleotide SSRs, ≥ 4 for trinucleo-
tide SSRs, and ≥ 3 for tetra-, penta-, and hexanucleotide
SSRs. Primers were designed using BatchPrimer3 [45] with
the following conditions: optimum primer length of 20
nucleotides, optimum melting temperature of 50°C, an
optimum product size of 150 bp, and an optimum G/C
content of 50%. The designed primers were listed in an
Additional file 1.
The sequences containing SSR were subjected for func-

tional characterization using Blast2GO [46] to identify the
biological process, molecular function, and cellular compo-
nent ontology for these sequences. The DNA samples from
twelve cultivars of date palm used for the polymorphism
detection in the lab study were provided by Dr. R. R.
Krueger and Dr. M. Keremane of USDA/ARS (Riverside,
CA). DNA extraction was performed using the kit of Plant
DNA extraction (Qiagen, Valencia, CA) (Table 3).
PCR reaction conditions for all newly designed EST-SSR

markers were as follows: 25 ng of genomic DNA, 1.5 μM
of mixed forward and reverse primers, 1X Buffer (20 mM
Tris–HCl, 10 mM (NH4)2SO4, 10 mM KCl, 2 mM MgSO4,
0.1% Triton X-100), 0.2 mM dNTPs and 1 U Taq polymer-
ase in a total volume of 20 μl. PCR amplification were con-
ducted with the condition: 95°C for 5 min for initial
denaturing, followed by 35 cycles of 95°C for 30 sec, 48°C
for 30 sec, and 72°C for 1.5 min, and final extension at 72°C
for 5 min using Dyad Peltier Thermal Cycler (Bio-Rad
Laboratories, Hercules, CA). PCR products were resolved
in 2% agarose ultra sieve gel (Shelton Scientific IBI, Peosta,
Iowa). Gel staining was performed using EB and visualized
by Gel Dec (Bio-Rad Laboratories, Hercules, CA).

Additional file

Additional file 1: List of novel EST-SSR markers along with their
primers and motifs.

Authors’ contributions
YZ and RW performed data mining analyses and primer design. YZ also
screened and developed EST-SSR markers. CSP participated in conception of
the study and drafting the manuscript. GH designed and coordinated the
study, assisted with statistical genetic analyses, and drafting the manuscript.
All authors read and approved the final manuscript.

Acknowledgement
We gratefully acknowledge and thank Dr. Manjunath Keremane, Robert
Krueger and Richard Lee USDA-ARS National Germplasm Repository for
Citrus and Dates (Riverside, CA) for providing the DNA samples from the
date palm cultivars.

Received: 30 July 2012 Accepted: 12 December 2012
Published: 15 December 2012

References
1. Barrow S: A monograph of phoenix L. (palmae: Coryphoideae). Kew Bull

1998, 53:513–575.

http://qatar-weill.cornell.edu/research/datepalmGenome/download.html
http://qatar-weill.cornell.edu/research/datepalmGenome/download.html
http://www.biomedcentral.com/content/supplementary/1471-2229-12-237-S1.xls


Zhao et al. BMC Plant Biology 2013, 12:237 Page 7 of 8
http://www.biomedcentral.com/1471-2229/12/237
2. Jain SM, Al-Khayri J, Johnson DV, Jain SM, et al: Date palm biotechnology.
Dordrecht Heidelberg London New York: Springer Science+Business Media
B.V; 2011.

3. Krueger RR, et al: Chapter 16 date palm germplasm in date palm
biotechnology. In Date palm biotechnology. Edited by Jain SM.: Springer
Science+Business Media B.V; 2011.

4. Elhoumaizi MA, Saaidi M, Oihabi M, Cilas C: Phenotypic diversity of date-
palm cultivars (Phoenix dactylifera L.) from Morocco. Genet Resour Crop
Evol 2002, 49:483–490.

5. Sedra MH, Lashermes P, Trouslot P, et al: Identification and genetic
diversity analysis of date palm (Phoenix dactylifera L.) varieties from
Morocco using RAPD markers. Euphytica 1998, 103:75–82.

6. Benkhalifa A: Gestion De La Diversite' Ge'Ne'Tique Du Palmier Dattier En
Alge'Rie. Marrakech, Morocco: Paper presented at the workshop constitution
at organisation D'E' Quipesde Recherche Scientifique Dans Les Domainnes
De Foresterie Et Des Arbres Fruitiers; 1999. 13–15 April.

7. Trifi M, Rhouma A, Marrakchi M: Phylogenetic relationships in Tunisian
date-palm (Phoenix dactylifera L.) germplasm collection using DNA
amplification fingerprinting. Agronomie 2000, 20:665–671.

8. Al-Khalifah NS, Askari E: Molecular phylogeny of date palm (Phoenix
dactylifera L.) cultivars from Saudi Arabia by DNA fingerprinting.
Theor Appl Genet 2003, 107:1266–1270.

9. Soliman SS, Ali BA, Ahmed MMM: Genetic comparisons of Egyptian date
palm cultivars (Phoenix dactylifera L.) by RAPD-PCR. Afr J Biotechnol 2003,
2:86–87.

10. Adawy SS, Hussein EHA, Ismail SEME, El-Itriby HA: Genomic diversity in
date palm (Phoenix dactylifera L.) as revealed by AFLPs in comparison to
RAPDs and ISSRs. Arab J Biotechnol 2005, 8:99–114.

11. Cao BR, Chao CT: Identification of date cultivars in California using AFLP
markers. Hortic Sci 2002, 37:966–968.

12. El-Assar AM, Krueger RR, Devanad PS, Chao CT: Genetic analysis of
Egyptian date (Phoenix dactylifera L.) accessions using AFLP markers.
Genet Resour Crop Evol 2005, 52:601–607.

13. Soumaya RC, Ghada B, Sonia DD, Salwa ZA, Trifi M: Molecular research on the
genetic diversity of Tunisian date palm (phoenix dactylifera L.) using the
random amplified microsatellite polymorphism (RAMPO) and amplified
fragment length polymorphism (AFLP) methods. Afr J Biotechnol 2011, 10
(51):10352–10365.

14. Zehdi S, Sakka H, Rhouma A, Salem AOM, Marrakchi M, Trifi M: Analysis of
Tunisian date palm germplasm using simple sequence repeat primers.
Afr J Biotechnol 2004, 3:215–219.

15. Elshibli S, Korpelainen H: Microsallite markers reveal high genetic diversity
in date palm (Phoenix dactylifera L.) germplasm from Sudan. Genetica
2007, 134:251–260.

16. Al-Ruqaishi IA, Davey M, Alderson P, Mayes S: Genetic relationships and
genotype tracing in date palm (Phoenix dactylifera L.) in Oman based on
microsatellite markers. Plant Genet Resour 2008, 61:70–72.

17. Ahmed TA, Al-Qaradawi A: Molecular phylogeny of Qatari date palm
genotypes using simple sequence repeats markers. Biotechnology 2009,
8:126–131.

18. Malek JA: Next generation DNA sequencing applied to the Date palm
tree (Phoenix dactylifera). Acta Hortic 2010, 882:249–252.

19. Al-Dous EK, George B, Al-Mahmoud ME, Al-Jaber MY, Wang H, Salameh YM,
Al-Azwani EK, Chaluvadi S, Pontaroli AC, DeBarry J, Arondel V, Ohlrogge J,
Saie IJ, Suliman-Elmeer K, Bennetzen JL, Kruegger RR, Malek JA: De novo
genome sequencing and comparative genomics of date palm
(Phoenix dactylifera). Nat Biotechnol 2011, 29:521–527.

20. Andersen JB, Lubberstedt T: Functional markers in plants. Trends Plant Sci
2003, 8(11):554–560.

21. Chen CX, Bowman KD, Choi YA, Dang PM, Rao MN, Huang S, Soneji JR,
McCollum G, Gmitter FG Jr: EST-SSR genetic maps for Citrus sinensis and
Poncirus trifoliate. Tree Genetics Genomes 2008, 4:1–10.

22. Durand J, Bodénès C, Chancerel E, Frigerio JM, Vendramin G, Sebastiani F,
Buonamici A, Gailing O, Koelewijn HP, Villani F, Mattioni C, Cherubini M,
Goicoechea PG, Herrán A, Ikaran Z, Cabané C, Ueno S, Alberto F, Dumoulin
PY, Guichoux E, de Daruvar A, Kremer A, Plomion C: A fast and cost-
effective approach to develop and map EST-SSR markers: oak as a case
study. BMC Genom 2010, 11:570.

23. Ramchiary N, Nguyen VD, Li XN, Hong CP, Dhandapani V, Choi SR, Yu G,
Piao ZY, Lim YP: Genic microsatellite markers in Brassica rapa:
development, characterization, mapping, and their utility in other
cultivated and wild Brassica ralatives. DNA Res 2011, 18(5):305–320.

24. Qi XL, Cui F, Li Y, Ding AM, Li J, Chen GL, Wang HG: Molecular
tagging wheat powdery mildew resistance gene pm21 by EST-SSR
and STS markers. Mol Plant Breed 2010, 1(4). doi:10.5376/
mpb.2010.01.0004.

25. Zhang J, Yang W, Cui X, Yu H, Jin H, Chen Z, Shen T: Breeding strains of
Panax notoginsent by using EST-SSR markers. Zhongquo Zhong Yao Za
Zhi 2011, 36(2):97–101.

26. Varshney RK, Graner A, Sorrells ME: Genic microsatellite markers in plants:
features and applications. Trends Biotechnol 2005, 23(1):48–55.

27. Billotte N, Marseilla N, Brottier P, Noyer JL, Jacquemoud-Collet JP, Moreau C,
Couvreur T, Chevallier MH, Pintaud JC, Risterucci AM: Nuclear microsatellite
markers for the date palm (Phoenix dactylifera L.): characterization,
utility across the genus Phoenix and in other palm genera. Mol Ecol
Notes 2004, 4:256–258.

28. Akkak A, Scariot V, Torello Marinoni D, Boccacci P, Beltramo C, Botta R:
Development and evaluation of microsatellite markers in Phoenix
dactylifera L. and their transferability to other Phoenix species. Biol Plant
2009, 53:164–166.

29. Elmeer K, Sarwath H, Malek J, Baum M, Hamwieh A: New microsatellite
markers for assessment of genetic diversity in date palm (Phoenix
dactylifera L.). Biotech 2011, 1(2):91–97.

30. Palmieri DA, Novelli VM, Bastianel M, Cristofani-Yaly M, Astua-Monge G,
Carlos EF, de Oliveira AC, Machado MA: Frequency and distribution of
microsatellites from ESTs of citrus. Genet Mol Biol 2007, 30(3):1009–1018.

31. Qiu L, Yang C, Tian B, Yang JB, Liu A: Exploiting EST databases for the
development and characterization of EST-SSR markers in castor bean
(Ricinus communis L.). BMC Plant Biol 2010, 10:278.

32. Tang S, Okashah RA, Cordonnier-Pratt MM, Pratt LH, Ed Johnson V, Taylor
CA, Arnold ML: Knapp SJ: EST and EST-SSR marker resources for Iris. BMC
Plant Biol 2009, 9:72.

33. Ting NC, Zaki NM, Rosli R, Low ET, Ithnin M, Cheah SC, Tan SG, Singh R:
SSR mining in oil palm EST database: application in oil palm germplasm
diversity studies. J Genet 2010, 89(2):135–145.

34. Newcomb RD, Crowhurst RN, Gleave AP, Rikkerink EHA, Allan AC, Beuning
LL, Bowen JH, Gera E, Jamieson KR, Janssen BJ: Analyses of expressed
sequence tags from Apple. Plant Physiol 2006, 141:147–166.

35. Mun JH, Kim DJ, Choi HK, Gish J, Debelle F, Mudge J, Denny R, Endre G,
Saurat O, Dudez AM, Kiss GB, Roe B, Young ND, Cook DR: Distribution of
microsatellites in the genome of Medicago truncatula: a resource of
genetic markers that integrate genetic and physical maps. Genetics 2006,
172:2541–2555.

36. Ellis JR, Burke JM: EST-SSRs as a resource for population genetic analyses.
Heredity 2007, 99:125–132.

37. Saker MM, Moursy HA: Molecular characterization of Egyptian date palm:
11 RAPD fingerprints. In Proceeding first international conference on date
palms, Al-Ain, United Arab Emirates, March 8-10.; 1998:173–182.

38. Adawy SS, Hussein EHA, El-Khishin D, Saker MM, El-Itriby HA: Genetic
variability studies and molecular fingerprinting of some Egyptian date
palm (Phoenix dactylifera L.) cultivars II-RAPD and ISSR profiling. Arab J
Biotechnol 2002, 5:225–236.

39. Hussein EHA, Adawy SS, El Khishin D, Moharam H, El-Itriby HA: Genetic
variability studies and molecular fingerprinting of some Egyptian date
palm (Phoenix dactylifera L.) cultivars. 1-A preliminary study using RAPD
markers. Arab J Biotechnol 2002, 5(2):217–224.

40. Hussein Ebtissam HA, Adawy SS, Ismail SEM, El-Itriby HA: Molecular
characterization of some Egyptian date palm germplasm using RAPD
and ISSR markers. Arab J Biotech 2005, 8(1):83–98.

41. Ahmed MMM, Soliman SS, Elsayed EH: Molecular identification of some
Egyptian date palm males by females varieties (Phoenix dactylifera L.)
using DNA markers. J Appl Sci Res 2006, 2:270–275.

42. Wen MF, Wang HY, Xia ZQ, Zou ML, Lu C, Wang WQ: Development of EST-
SSR and genomic-SSR markers to assess genetic diversity in Jatropha
Curcas L. BMC Res Notes 2010, 3:42.

43. Emebiri LC: An EST-SSR marker tightly linked to the barley male sterility
gene (msg6) located on chromosome 6H. J Hered 2010, 101:769–774.

44. Wang HZ, Li SJ, Yang RH, Guan W: EST-SSR marker linked to cucumber
target leaf spot resistance-related gene. Acta Hort (ISHS) 2010,
871:49–56.

http://dx.doi.org/10.5376/mpb.2010.01.0004
http://dx.doi.org/10.5376/mpb.2010.01.0004


Zhao et al. BMC Plant Biology 2013, 12:237 Page 8 of 8
http://www.biomedcentral.com/1471-2229/12/237
45. You Frank M, Huo N, Gu YQ, Luo MC, Ma YQ, Hane D, Lazo GR, Dvorak
J, Anderson OD: BatchPrimer3: a high throughput web application for
PCR and sequencing primer designi. BMC Bioinforma 2008, 9:253.

46. Conesa A, Götz S, Garcia-Gomez JM, Terol J, Talon M, Robles M: Blast2GO:
a universal tool for annotation, visualization and analysis in functional
genomics research. Bioinformatics 2005, 21:3674–3676.

doi:10.1186/1471-2229-12-237
Cite this article as: Zhao et al.: Identification and characterization of
gene-based SSR markers in date palm (Phoenix dactylifera L.). BMC Plant
Biology 2013 12:237.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Results
	Conclusion

	Background
	Results
	Frequency and distribution of EST-SSRs in date palm
	EST-SSR marker development and polymorphism detection
	Functional annotation of the EST sequences containing SSRs

	Discussion
	Conclusion
	Methods
	Additional file
	Authors' contributions
	Acknowledgement
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


