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ABSTRACT
In recent years, date palm has been subjected to intensive genome

sequencing studies. The advances in bioinformatics have provided the
scientists with tools to develop useful SSR markers that help the breeder
accelerating their breeding programs. A total of 172,075 SSR motifs was
identified in date palm genome sequence with a frequency of 450.97 SSRs
per Mbp. Out of these, 130,014 SSRs (75.6%) were located within the
intergenic regions. While, only 42,061 SSRs (24.4%) were located within
the genic regions. A number of 111,403 of SSR primer pairs were designed,
that represent 292.39 SSR primers per Mb. Out of the 111,403 only 31,380
SSR primers were developed in the genic regions, while 80,023 primers
were developed in the intergenic regions. A number of 250,507 SNPs were
recognized in 84,172 SSR flanking regions, which represent 75.55% of the
total SSR flanking regions. Out of 12,274 genes only 463 genes comprising
896 SSR primers were mapped onto 111 pathways using KEGG data base.
The most abundant enzymes were identified in the pathway related to the
biosynthesis of antibiotics. Validation of the designed SSR primers was
conducted using in silico and in vitro PCR. We tested 1031 SSR primers
using both publicly available date palm genome sequences as templates in
the in silico PCR reactions. When using the date palm genome PDK30
sequence, all the 1031 SSR primer pairs successfully found complementary
sequences. However, only 903 SSR primers could successfully hit within
the ATBVO01 genome. For in vitro validation, 31 SSR primers among those
used in the in silico PCR were synthesized and tested for their ability to
detect polymorphism among six Egyptian date palm cultivars. All tested
primers have successfully amplified products, but only 16 primers detected
polymorphic amplicons among the studied date palm cultivars.

Key words: Date palm, SSR, Intergenic regions, Genic regions, SNPs,

pathways, KEGG, In vitro PCR, In silico PCR.
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INTRODUCTION

Date palm (Phoenix dactylifera L.) is one of the most
economically important fruit trees in the Middle East and North Africa.
It is a dioecious perennial monocotyledon, cross pollinated plant
belonging to the order Arecaceae (Barrow, 1998). It has been
cultivated in the Middle East since about 4000 B.C. (Zohary and
Spiegel-Roy, 1975). There are over 2000 varieties that vary in shape,
color, size, and weight (Al-Farsi and Lee, 2008). Despite such a large
number of varieties, for many years the detection of genetic variation
in date palm relied mainly on the morphological variation between
cultivars (Elhoumaizi et al., 2002). Morphological variations are
uncertain and unstable because they could be affected by
environmental factors, epistasis, pleiotropic effects and other factors.
Therefore, as long as breeding programs depended on morphological
markers alone, the pace of progress was bound to be slow.

During the last few decades molecular markers were employed
to detect the genetic polymorphism more accurately, and as useful
tools in crop improvement and breeding programs. Amplified fragment
length polymorphism (AFLP) (Adawy et al., 2005), simple sequence
repeats (SSRs) (Hamwieh et al., 2010), randomly amplified
polymorphic DNA (RAPD) and inter simple sequence repeats (ISSR)
(Hussein et al., 2005) are among the most widely used molecular
markers. Compared with other types of molecular markers, SSRs have

many advantages, such as simplicity, effectiveness, abundance, hyper



variability, reproducibility, co-dominant inheritance and extensive
genomic coverage (Powell et al., 1996 and Wei et al., 2011).

A growing number of genes that confer resistance to a diverse
spectrum of pathogens have been isolated from a wide range of plant
species (Richter and Ronald, 2000 and Hulbert et al., 2001). These "R”
genes have been classified into several groups based on the structural
similarities of their predicted protein products.

As R genes from different plant species share conserved
domains, they can be used to screen plant genomes for R genes and
putative R genes (e.g., resistance gene analogs, RGASs), and to create
molecular markers (Takken et al., 2006).

In many plants, single nucleotide polymorphism (SNP) markers
are increasingly becoming the marker system of choice. For many crop
plants there are surprisingly low numbers of validated SNP markers
available. However, These SNP markers are needed in large numbers
for studies regarding genetic variation, linkage mapping, population
structure analysis, association genetics, map-based gene isolation and
plant breeding (Ganal et al., 2009).

One of the main benefits of sequencing genomes is the
identification of genes involved in the biological pathways. Analysis of
biological pathways in a genome is a complicated task since a number
of biological entities are involved in pathways and biological pathways
in different organisms are not identical. Computational pathway
identification and analysis thus utilize a number of computational tools
and databases and are typically done in comparison with pathways in

other organisms. So, information systems for reconstructing,
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annotating, and analyzing biological pathways are much needed (Choi
and Kim, 2008).

Functional annotation allows categorization of genes in
functional classes, which can be very useful to understand the
physiological meaning of large amounts of genes and to assess
functional differences between subgroups of sequences. The Gene
Ontology (GO) developed at the GO Consortium (Ashburner et al.,
2000) provides a suitable framework for this kind of analysis, due to
the wide scope of biology covered and its directed acyclic graph
(DAG) structure that enables visualization in the context of biological
dependences.

A variety of desktop and web applications are available to
electronically assign GO terms to unknown sequences based on
similarity (Khan et al., 2003, Zehetner, 2003, Groth et al., 2004 and
Martin et al., 2004) or to analyze genomic data in the context of gene
annotation (Doniger et al., 2003 and Al-Shahrour et al., 2004).

In recent years, date palm was subjected to intensive genome
sequencing studies. Yang et al. (2010) reported the complete
chloroplast genome sequence. The mitochondrial genome was
assembled by Fang et al. (2012) with an approximate length of about
715,001 bp. While, the first nuclear genome sequence of date palm was
published by Al-Dous et al. (2011), where it covered ~60% of the
genome (~380 Mb). They recognized more than 3.5 million
polymorphic sites among the nine investigated varieties of date palm.

Also, Al-Mssallem et al. (2013) reported the second nuclear genome



