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Abstract 

 

Expressed sequence tags (ESTs) were generated from a normalized cDNA library of the date palm cv. Sukary to uncover the 

transcriptomic profile of this well-known high-quality variety in Saudi Arabia. The RNA was isolated from leaves and developed 

fruits at different stages from a single Sukary female tree. Total RNA was pooled and the normalized cDNA were cloned into a 

pAL17.3 cloning vector. The positives clones were sequenced using BigDye® Terminator chemistry. A total of 6943 high quality 

ESTs were generated, out of which 6671 ESTs were submitted to Gene bank dbEST (LIBEST_028537). The generated ESTs were 

assembled into 6362 unigenes, consisting of 494 (14.4%) contigs and 5868 (84.53%) singletons. The functional annotation showed 

that the majority of the ESTs were associated with binding (44%), catalytic (40%), transporter (5%) and structural molecular 

activities (5%). The Blastx results showed that 73% of the unigenes have significant similarities to known plant genes and 27% were 

novel. The latter could be of particular interest in date palm genetic studies. Further analysis showed that some ESTs were 

categorized as stress/defense and fruit development related genes. These newly generated ESTs could significantly enhance date 

palm EST databases that are in the public domain and are available to scientists and researchers across the globe.  

 

Key words: ESTs; date palm; Sukary; fruit development; stress/defense. 

Abbreviations: ATP_adenosine triphosphate; BLAST_basic local alignment search tool; BP_biological process; cDNA_ 

complementary DNA; ERF_ethylene response factor;  EST_ expressed sequence tag; GO_gene ontology; HSPs_ heat shock proteins; 

KEGG_ kyoto encyclopedia of genes and genomes; KSU_ king saud university; Mb_ mega base; MF_molecular function; ROS_ 

reactive oxygen species; TF_transcription factors. 

 

Introduction 

 

The date palm (Phoenix dactylifera, L.) is an important 

member of the Arecaceae family. It is a dioecious, perennial, 

and monocotyledonous woody fruit tree (Sghaier-Hammami 

et al., 2009). The date palm has been cultivated for more than 

7000 years and is considered among the world’s first 

cultivated fruit trees (Wrigley, 1995). The tree is widely 

cultivated in Middle East and North Africa, where it is 

considered as staple food. Every part of the plant, including 

vegetative and reproductive organs, is of some economic, 

nutritional, or medicinal importance. The ripened fruit (date) 

is edible and contains a variety of nutritionally important 

components, such as sugars, fiber, vitamins and trace 

amounts of fats and proteins (Al-Shahib and Marshall, 2003). 

Nearly 2,000 date varieties are grown around the globe, of 

which more than 340 cultivars are grown in Saudi Arabia 

(Al-Mssallem, 1996). These date palm varieties differ in 

color, shape, size, flavor, and ripening time. The date palm 

genome contains 36 chromosomes (2n=36), and its size is 

estimated to be between 550 Mbp (Malek, 2010) and 658 

Mbp (Al-Dous et al., 2011). Compared with other fruit 

species, relatively little investment has been made in 

expanding date palm molecular genetics research. This led to 

serious constraint on an already under-developed 

infrastructure of crop genetic and genomic tools. Although 

some molecular markers were developed and used, including, 

Inter simple sequence repeats (ISSR), Amplified fragment 

length polymorphism (AFLP) and simple sequence repeats 

(SSR) markers, the overall molecular toolbox for the date 

palm is limited and not as efficient compared with other fruit 

crops. With the advent of efficient, high throughput and cost 

effective sequencing technologies, a significant improvement 

in our understanding of genomics and biology of different 

plants has already been achieved. Therefore, it is not 

surprising that initiatives for date palm sequencing have 

already been conducted. Using data that was generated from 

the Illumina GAII sequencing platform, the first draft of the 

date palm genome was published in 2011 (Al-Dous et al., 

2011), while the second draft of the date palm genome was 

published in 2013 (Al-Mssallem, et al., 2013). The complete 

chloroplast genome sequence was released in 2010 (Yang et 

al., 2010), and later, the complete mitochondrial genome was 

uncovered in 2012 (Fang et al., 2012). A transcriptomic 

profile of the date palm for fruit development has also been 

reported (Yin et al., 2012). Others studies related to fruits 

include a comparative analysis of Elaeis spp. and P. 

dactylifera oil palms (Bourgis et al., 2011) and in depth 

transcriptomic sequencing to build P. dactylifera gene 

models based on data retrieved from different tissues and 
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several developmental stages (Zhang et al., 2011). Recently, 

the first genetic map of the date palm was reported (Mathew 

et al., 2014). The production and life span of different date 

palm cultivars are affected by both biotic and abiotic factors 

(Jain, et al., 2011). Among abiotic factors, salinity and 

drought severely affect date palm cultivation, especially in 

the Arabian Peninsula countries, including Saudi Arabia. 

Breeding and conventional approaches were used to improve 

production costs, but these are laborious due to long 

generation time and difficulty in gender discrimination, 

especially in the first five years of tree’s lifetime. Functional 

genomics is essential for identifying the responsible genes, 

encoding transcripts and to understand the mechanisms 

behind the drought tolerance. The development of  

complementary DNA (cDNA) library for the date palm will 

facilitate genetic and breeding studies, gene discovery and 

allele mining and comparative genomics.  This study focused 

on analyzing the potential linkage between the transcriptome 

of the elite date palm cv. Sukary and its high-quality, 

agronomically important traits, by identifying potential ESTs 

that encode enzymes and proteins, related to fruit 

development and abiotic/biotic stresses. 

 

Results  

 

ESTs sequencing and assembly  

 

More than 8000 positive clones were isolated and sequenced 

by Sanger sequencing platform from a normalized Sukary 

cDNA library. After removal of the vector, poly-A, and 

contaminating microbial and short read sequences (less than 

100 bp), 6943 high quality EST cleaned sequences were 

retrieved, with the longest read length of 965 bp. The ESTs 

were assembled into 6362 unique sequences (unigenes), 

consisting of 494 (7.05%) contigs and 5868 (84.53%) 

singletons. The average contig length was 675 bp, while the 

average singleton length was 477 bp. The average number of 

ESTs per contig was 2.2, with a maximum of 7 sequences. 

The redundancy of this library was 9% [(1−Number of 

Unigenes/Number of ESTs) ×100%], which was relatively 

low, as expected for a normalized library. The detailed length 

distributions of the ESTs, unigenes, contigs, and singletons 

are shown in Table 1. After removing ribosomal and 

mitochondrial-like sequences, EST sequences were submitted 

to dbEST at NCBI under the library name 

(LIBEST_028537). 

 

Functional annotation and classification 

 

Annotation of the unigenes was performed using 

BLAST2GO based on comprehensive information gathered 

from sequence similarities against NCBI non-redundant (nr) 

protein database, Inter ProScan results and plant-related GO 

terms. The 6362 unigene sequences were used in a blastx 

search against the non-redundant protein sequence (nr) 

database in GenBank. The BLAST2GO analysis of these 

sequences showed 4647 sequences with a blast hit, 1715 

sequences without a significant blast hit, 356 sequences with 

mapping results, and 3690 sequences with annotation (Fig. 

1). The unigenes with significant hits (E-value 1-0E-5) are 

shown in Supplementary Table 1, and those showing no 

significant similarity to any sequences contained in the nr 

database are listed in Supplementary Table 2. These 

unknown transcripts are of special interest and need further 

analysis to predict their possible function. The blast results of 

4647 unigenes showed a high similarity with rice (Oryza 

sativa), followed by grapes (Vitis vinifera) and corn (Zea 

mays) and are presented in Supplementary Fig. 1. However, 

the organism distribution of the unigenes’ top hits were as 

follows: Vitis vinifera 578 (12%); Oryza sativa 399 (8.5%); 

Zea mays 303 (6.5%); Amborella trichopoda 232 (5%); 

Oryza brachyantha 201 (4.3%); Theobroma cacao 189 (4%); 

Setaria italica 177 (3.8%); Citrus sinensis 154 (3.3%); 

Populus trichocarpa 149 (3.2%); Sorghum bicolor 128 

(2.75%); Brachypodium distachyon 119 (2.5%); Jatropha 

ucurcas 118 (2.56%); Eucalyptus grandis 112 (2.4%); Elaeis 

guineensis 107 (2.3%); and Ricinus communis 101 (2.1%). 

The details are given in Fig. 2. At the second GO level, 

annotated sequences were divided into three principal GO 

categories: molecular function, biological process and 

cellular compartment (Fig. 3). In the molecular function (MF) 

class, (Fig. 3-MF), the majority of the GO terms were 

grouped into four categories, namely, binding activity (44%), 

catalytic activity (40%), transporter activity (5%) and 

structural molecular activity (5%). In binding, heterocyclic 

compound binding (14%), organic cycling compound binding 

(14%), ion binding (13%), small molecules binding (9%), 

protein binding (7%), carbohydrate derivative binding (6%), 

cofactor binding and lipid binding (each 1%) were the most 

enriched terms at the third GO level (Supplementary Fig. S2). 

However, the highly enriched GO terms in catalytic activity 

included hydrolase activity (8%), transferase activity (8%), 

and oxidoreductase activity (4%). Based on the biological 

process (BP) class second level GO terms, (Fig. 3-BP), the 

major unigenes portions were linked to the cellular process 

(19%), metabolic process (18%), single-organism process 

(13%), response to stimuli (9%), cellular component 

organization (7%), biological regulation (7%), localization 

(6%), development process (5%), multicellular organismal 

process (5%), reproduction (3%), signaling (3%), growth 

(2%) and immune system process (1%). Responses to stress 

(4%), biotic stimulus (1%), and abiotic stimulus (3%), 

chemical stimulus (3%), external stimulus (1%), and 

endogenous stimuli (1%) were included in the response to 

stimulus (third level GO terms). The cellular metabolic 

(10%), primary metabolic (10%), and organic substance 

metabolic processes (10%) were included in the metabolic 

processes (third level GO terms). Furthermore, for the 

cellular compartments (CC), class was mostly attributed to 

the cell (35%), organelle (39%) membrane (16%), and 

macromolecular complex (8%) (Fig. 3-CC). The function 

motif/domain for ESTs and unigenes were obtained through 

the Inter ProScan tool of BLAST2GO, and 3824 unigenes 

were found with interproscan and 2588 were found without 

interproscan. The InterPro families and domains are 

presented in Supplementary Table (S3). In addition, unique 

sequences were also annotated using KAAS (KEGG 

Automatic Annotation Server) (Supplementary Table S4). A 

large number of unigenes were mapped to different KEGG 

pathways (Supplementary Table 5). The major enzyme 

commission classes include transferases (480), hydrolases 

(330), oxidoreductases (218), lyases (67), isomerases (60), 

and ligases (45). Important KEGG pathways that were 

obtained were related to plant development, such as 

glycolysis/gluconeogenesis, the citrate cycle (TCA cycle), 

photosynthesis, starch and sucrose metabolism, fatty acid 

biosynthesis and flavonoid biosynthesis. A large number of 

unigenes were categorized into ‘‘metabolism’’, which was 

further subcategorized into carbohydrate, amino acid, lipid 

and nucleotide metabolism. Purine metabolism had the 

highest mapping sequences (84). There were 60 unigenes 

identified that are involved in starch and sucrose metabolism.  
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                     Table 1. Sequence assembly statistics. 

Total number of EST sequences >8000 

High-quality EST sequences (Q>20) 7225 

Total number of EST sequences after removing vector,  poly A, short sequences 

(>100bp) 

6943 

Number of contigs 494 

Number of singletons 5868 

Number of unigenes sequences 6362 

Average length of contigs (bp)  675 

Average length of singletons (bp) 477 

Average length of unigenes sequences (bp) 492 

 

 

 

 

 
           

 

                              Fig 1. Blastx statistics of 6362 inigenes of Sukary date palm sequences analysed by Blast2go. 

 

 
 

Fig 2. The best hit Species distribution chart of EST of date palm after blastx to NCBI nr. BlastX-based ‘‘top-hit’’ species are ranked 

by their matched entries. The highest ‘‘hit-species’’ is the Vitis vinifera followed by Oryza sativa. 
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Fig 3. Functional classifications for the 6362 unigenes that were assigned with GO terms (second level GO terms). The three GO 

categories, biological process (BP), molecular function (MF), and cellular component (CC) are presented. 

 

Other genes were involved in glycolysis/gluconeogenesis (45 

unigenes), pyrimidine metabolism (36 unigenes), oxidative 

phosphorylation (32 unigenes), amino sugar and nucleotide 

sugar metabolism (31 unigenes), the pentose phosphate 

pathway (33 unigenes), and the citric cycle (28 unigenes). A 

representative KEGG map for the citric cycle is shown in 

Supplementary Fig. 3. Our data serve as an additional source 

of genes related to the basic metabolic processes during date 

palm development.  

 

The unigenes related transcription factors, defense/stress 

and fruit development 

 

Blastx searches revealed some proteins that could be 

identified as putative transcription factors with matches in the 

Plant TFDB. The most abundant TF families included ARF 

(8), followed by PHD (8), bHLH (11), MYB (10), CAMTA 

(4), FAR1 (8), CPP (6), NAC (4), DOF (3), HB-others (8), 

M-type (5), SBPs (4), GATA (3), B3 (3), bZIP (4), YABBY 

(5) and C3H (4). The transcription factors CO-like (2), LSD 

(2) GRAS, and EIL contained 2 unigenes each, while HSF, 

TCP, SAP, Trihelix, WRKY, C2H2, and E2F contained one 

sequence each (Supplementary Table 6). ESTs that are 

related to defense response were also identified in this study. 

Among the ESTs that matched genes with known or putative 

functions, approximately 102 unigenes are involved in stress 

and defense, accounting for 2.3% (107/4647) of all unigenes. 

Supplementary Table 7 shows the non-redundant ESTs that 

share similarities with genes related to defense and stress 

response, according to GO classifications and previously 

published data. Four unigenes related to the wound-response 

family were found in the EST library. These were classified 

as “response to wound”. In another class, the most abundant 

sequences encoded Glutathione. In total, 11 unigenes 

containing the glutathione enzyme were identified. Another 

class of genes involved in “response to heat,” was also 

represented in the library. There were 13 unigenes that were 

identified, including heat shock protein, heat shock 

transcription factors and 8 unigenes that represented 

chaperone proteins. Of the stress- and defense-related 

unigenes, 4 were possibly related to disease resistance 

proteins. In addition, twenty three unigenes that encode E3 

ubiquitin-protein ligase were also identified. Some other 

defense-related unigenes were also found, including two 

unigenes belonging to the drought-responsive protein family, 

3 unigenes belonging to the metal tolerance protein family, 2 

related to superoxide dismutase and 5 related to the alcohol 

dehydrogenase family. Based on the Blastx results, the 
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comprehensive annotation for the detected genes revealed 

some classes of genes that are directly or indirectly related to 

fruit development (Supplementary Table 8). Some of these 

genes are related to the cell cycle, zinc finger family, starch 

metabolism, and sugar metabolism. KEGG metabolic 

pathways supported the involvement of these classes in a 

number of important developmental and metabolic pathways, 

including growth/death, sugar metabolism (fructose/mannose, 

amino/nucleotide sugar metabolisms), replication/repair, 

translation, cell cycle, starch/sucrose/galactose metabolisms 

and glycolysis/gluconeogenesis. A group of proteins involved 

in primary metabolism were also identified, including 

fructose-bisphosphate aldolase, pectin methylesterase, 

invertase, myo-inositol-1-phosphate synthase, omega-3 fatty 

acid desaturase, and aspartate aminotransferase 

(Supplementary Table 8). In the secondary metabolism 

category, the chalcone-flavanone isomerase family protein is 

identified, which is related to fruit development. In relation to 

growth and water, aquaporin and expansin b1 are two genes 

that were identified and are involved in the loosening of the 

cell wall during fruit development. In the ethylene 

metabolism category, s-adenosylmethionine synthetase was 

present. In addition to this, we identified unigenes related to 

fruit ripening, which encode most of the genes involved in 

sugar metabolism and other pathways (Supplementary Table 

8). The unigenes identified that are involved in sugar 

metabolism include sucrose synthase, fructokinase 1, soluble 

starch synthase 2-3, phosphoglucomutase, alpha-glucan 

phosphorylase, phosphoglycerate kinase, ribulose-bisphos- 

phate carboxylase oxygenase small subunit, fructose-

bisphosphatase, triosephosphate isomerase, glyceraldehyde-

3-phosphate dehydrogenase, malate dehydrogenase, glucose-

6-phosphate isomerase, phosphoenolpyruvate carboxylase, 

fructose-bisphosphate aldolase, pyruvate kinase, glycer- 

aldehyde-3-phosphate dehydrogenase, phosphoglycerate 

mutase, phosphoenolpyruvate carboxykinase, 6-phospho- 

fructokinase 3, aspartate aminotransferase, alpha-amylase, 

sucrose phosphate synthase ii, and neutral invertase 

(Supplementary Table 8).  

 

Discussion 

 

The EST analysis provides a powerful and rapid means of 

generating the transcriptome of specific cell types, which can 

be used for the identification of differentially expressed 

genes. The ESTs provide an excellent resource for novel gene 

discovery and confirmation of in silico gene predictions. 

Large scale EST sequencing provides a direct link to 

transcribed portions of genome, and with the emergence of 

next generation sequencing technology, there is rapid 

screening for novel genes based on various transcriptomic 

profiles. The high quality and high local demand of this 

Sukary variety in Saudi market were among the reasons for 

uncovering its molecular nature via EST sequencing. The 

ESTs identified here and their various categories are 

comparable with those reported by Yin et al., (2012) and Al-

Mssallem et al., (2013). The functional aspects of the 

unigenes were revealed, including transcription factors, 

defense, abiotic tolerance and other fruit development genes, 

which are of particular interest. Among the identified ESTs, a 

relatively large group of transcription factors were identified 

(78 unigenes). Transcription factors (TFs) play important 

roles in the regulation of cellular pathways in the response to 

biotic and abiotic stimuli and basic developmental processes. 

The enrichment of TFs may enhance modulation of cellular 

redox levels and assist with the avoidance or delay of stress-

like processes. Zinc finger proteins are generally considered 

as DNA-binding transcription factors (Laity et al., 2001) and 

play an important role in the floral organ morphogenesis and 

gametogenesis (Huang et al., 2006, Yilmaz and Mittler, 

2008). Other important transcription factors in our data are 

part of the MADS-box family that is involved in floral 

development (Theißen, 2001). Another important category of 

the identified ESTs was the plant defense genes. Plants 

respond to diseases and other biotic or abiotic stresses by 

activating a broad range of defenses, including the activation 

of pathogenesis-related (PR) genes at both local and systemic 

sites, crosslinking of cell wall proteins, generation of reactive 

oxygen species (ROS) and local programmed cell death. 

Previous studies in Arabidopsis showed that glutathione 

genes exhibited a diverse range of responses to jasmonates, 

salicylic acid, ethylene, and oxidative stress that was induced 

by heavy metals and hypoxic stress in rice roots (Wagner et 

al., 2002; Moons, 2003). Heat shock genes are crucial for 

abiotic stress defense mechanisms. They are widely 

distributed in nature and involved in protein refolding and 

assembly, which are induced by drought and salinity 

(Alamillo et al., 1995, Campalans et al., 2001); thus, 

restoring plant function after abiotic stress. Furthermore, the 

presence of E3 ubiquitin-protein ligase among the unigenes 

indicates a regulatory mechanism for controlling various 

responses to external stimuli. Ubiquitination is associated 

with proteasome-mediated protein degradation regulates 

protein function in a proteasome-independent way. In plants, 

ubiquitination plays an important role in controlling 

environmental and endogenous signals, including responses 

to pathogens (Hare et al., 2003). Moreover, the involvement 

of E3 ligase in the plant pathogen response was previously 

identified in Arabidopsis RING finger proteins, RPM1-

interacting protein 2 (RIN2) and RIN3 (Kawasaki  et al., 

2005) and in rice (Zeng et al., 2004). Another two genes 

identified are homologous to aquaporin, stress protecting 

proteins family that facilitates water uptake by forming pores; 

thereby, playing an important role in cell growth and 

photosynthesis activities after dehydration (Oono et al., 

2003). The differential accumulation of this protein has been 

reported in drought tolerant varieties (Montalvo-Hernandez et 

al., 2008). Some annotated unigenes belong to the vacuolar-

type H+-ATPase (VHA2) family, which plays an important 

role in generating electrochemical gradients to drive solute 

transport and related water flux. Expression of H+-ATPase is 

not tissue specific. It induces responses to external 

environmental stimuli via cell specific signal transduction 

(Hentzen et al., 1996). The multiple gene family of ATPase 

has also been reported in Arabidopsis thaliana (Pardo and 

Serrano, 1989, Houlne and Boutry, 1994) and Vicia faba 

(Nakajima et al., 1995). Five unigenes encoded ethylene 

response factor (ERF1). It is a member of a novel family of 

plant-specific transcriptional factors in Arabidopsis thaliana 

(Nakano et al., 2006). ERFs affect number of developmental 

processes and are also differentially adapted to biotic or 

abiotic stress conditions, such as pathogen attack, wounds, 

extreme temperatures, and drought (Ecker, 1995; Penninckx 

et al., 1996, O’Donnell et al., 1996). An ERF is activated by 

either ethylene (ET) or jasmonate (JA) and may also be 

activated synergistically by both hormones (Lorenzo et al., 

2003). It regulates defense response genes in the necrotrophic 

fungi B. cinerea and P. cucumerina by integrating ET and JA 

defense responses in Arabidopsis (Berrocal-Lobo et al., 2002; 

Lorenzo et al., 2003). The chitinases are considered PR 

proteins (Salzman et al., 1998; Pocock et al., 2000). 

Chitinases constitute a large family of enzymes with 

hydrolytic activity against a linear polymer of b-1, 4-N-

acetylglucosamine, or chitin, which is a major component in 
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the cell walls of most pathogenic fungi and the exoskeleton 

of insects. Four unigenes related to chitinases were identified 

in this study. Heat shock proteins (HSPs) were also 

identified. Most HSPs function as molecular chaperones that 

promote folding, perform structural maintenance, regulate of 

a subset of proteins involved in signal transduction, regulate 

cell cycle control, and aid in adaptation to a range of internal 

and external stresses (Sabehat et al., 1998; Iba, 2002; Wang 

et al., 2003). In addition to this, they are also involved in 

developmental regulation. In tomato (Lycopersicon 

esculentum) and strawberry (Fragaria spp.) plants, the level 

of plastid-localized Hsp (pTOM111) increased several fold in 

ripening fruit and in response to heat stress. Metallothioneins 

are small, Cys-rich proteins and are implicated in the 

detoxification of metal ions and reactive oxygen species, as 

well as in control of cellular redox potential. Oxidative stress 

promotes the enhanced accumulation of metallothionein 

transcripts (Navabpour et al., 2003). The antioxidant 

properties of metallothioneins have been shown in previous 

research (Akashi et al., 2004). Some of the identified genes in 

this study may have a role in enhancing Sukary adaptability 

to harsh environmental conditions. These results suggest the 

probable existence of different tolerance mechanisms to 

biotic and abiotic stresses within this variety. Fruit 

development is characterized by changes in various 

biological processes, including cell division and enlargement, 

primary and secondary metabolism, and resistance/ 

susceptibility to abiotic/biotic stresses. We identified a few 

classes of genes that are related to fruit development 

comparable with those previously described for date palm 

(Yin et al., 2012; Al-Mssallem, et al., 2013). Some of these 

genes are related to the cell cycle, the zinc finger family, 

starch metabolism, and sugar metabolism. The KEGG 

metabolic pathways also indicated the involvement of these 

genes in a number of important pathways, such as 

growth/death, sugar metabolism (fructose/mannose, amino/ 

nucleotide sugar metabolisms), replication/repair, translation, 

cell cycle, the starch/sucrose/galactose metabolisms and 

glycolysis/gluconeogenesis. A group of proteins involved in 

the primary metabolism and secondary metabolism categories 

was also identified. In addition, unigenes relating sugar 

metabolism and other pathways were detected. Their role in 

fruit development in the date palm has been investigated 

recently (Yin et al., 2012, Al-Mssallem, et al., 2013). This 

study also revealed new unigenes that may be used for plant 

development and quality parameters. Further studies based on 

bioinformatics and functional genomic tools are needed for 

the characterization of their possible functions. These genes 

may be of particular interest for crop improvement and 

manipulation.  

 

Materials and Methods 

 

Plant materials and cDNA library construction 

 

Samples for RNA isolation were taken from female flowers, 

developed fruits at different stages, and leaves from a single 

Sukary female tree. Total RNA was isolated using 

Invitrogen’s Concert™ Plant RNA Reagent (Invitrogen Ltd, 

Paisley PA4 9RF, UK). RNAs from different tissues were 

pooled together and sent to Evrogen (Miklukho-Maklaya Str, 

Moscow, Russia) for cDNA synthesis and library 

normalization (CS011-2B LEVEL 2B). Normalized cDNA 

species were cloned into a pAL17.3 cloning vector. Positive 

bacterial colonies were shipped back to our lab where 

titration was carried out according to Evrogen 

recommendations. Bacterial colonies were cultured overnight 

in LB liquid media supplemented with kanamycin (50 µg/ml, 

final concentration) as a selectable marker, followed by 

plasmid minipreparation using the QIAprep Spin MiniPrep 

Kit (QIAGEN, Hilden, Germany). Sequencing reactions were 

performed in a thermal cycler using the Applied Biosystems 

BigDye® Terminator v3.1 kit according to the protocols 

supplied by the manufacturer. The total volume, 20 µl, 

contained 2.5 µl of mini prep plasmid DNA, 0.5 µl of T7 

primer (10 µM stock), 3 µl of 5x Sequencing Buffer, 2 µl of 

ABI Big Dye terminator v3.1 and 12 of µl Milli-Q water. The 

PCR program was set to 30 cycles for 20 sec at 96oC, 30 sec 

at 50oC, and 4 min at 60oC. The sequence reactions were 

EtOH precipitated and analyzed in an ABI 3130xl -16 

capillaries sequencer (Applied Biosystems).   

 

Sequence processing and assembly 

 

The sequence trace files were base-called using the Phred 

program, and low-quality bases (<Q20, 99% accuracy) were 

eliminated from sequence ends, followed by SeqClean 

(Pertea et al., 2003) to shorten the Poly-A/T to 5 continuous 

bases. The vector and other contaminating microbial 

sequences were removed using the VecScreen program 

(http://www.ncbi.nlm.nih.gov/VecScreen/VecScreen.html). 

After trimming, the EST sequences that were shorter than 

100 bp were discarded, and those greater than 100 bp were 

deposited into the dbEST division of GenBank 

(LIBEST_028537). A total of 6943 high quality sequences 

were used to assembled into contigs and singletons using 

Codon Code Aligner software (CodonCode Corporation, 

http://www.codoncode.com/) 

 

Annotation and functional classification  

 

BLAST searches were carried out after clustering and 

assembly to identify similarities between the ESTs and other 

sequences already deposited in public databases. All of the 

unigene sequences were compared to GenBank non-

redundant protein and nucleotide databases using either the 

Blastx (E-value≤10-6) or the Blastn (E-value≤10-6) program 

(Altschul et al., 1990). Gene Ontology (GO) annotations 

were performed with BLAST2GO (Conesa et al., 2005; Gotz 

et al., 2008) based on sequence similarity. Furthermore, Inter 

ProScan was performed, and the results were merged with 

GO annotations to improve them. Finally, the analysis of 

biological pathways was performed using the KEGG (Kyoto 

Encyclopedia of Genes and Genomes) (Ogata et al., 1999).  

 

Conclusion 

 

In this study, 6671 ESTs from the Sukary variety of the date 

palm were established and made available to the public 

domain (LIBEST_028537). Based on the known sequences, a 

total of 3690 assembled sequences have been successfully 

annotated. Additionally, various bioinformatics tools 

revealed that a fraction of these unique sequences may be 

involved in the developmental pathway. Stress response and 

fruit development-related genes were also identified, which 

provides genomic information for future investigations. 

Therefore, the results from this study open avenues for 

further in-depth molecular studies of the date palm and 

improved cultivation.  
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