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ABSTRACT

Oil palm was first introduced to South-east Asia 
in 1875 and has been grown for commercial 
purposes in Malaysia since 1917. To date, almost 
60% of the country’s agricultural land is planted 
with oil palm, thus showing its importance to the 
Malaysian economy. There is a need to continuously 
improve yields to meet growing demand. However, 
improving oil palm productivity via conventional 
breeding is known to be a time-consuming task. 
As such, implementing genomics-guided breeding, 
deciphering the genome and mining the sequence 
information is useful.  Data mining is an exciting 
research area in the field of bioinformatics, where the 
focus is to implement tools and techniques that allow 
for easy access to data. However, with the expansion 
of sequence data generated currently, this presents a 
formidable challenge. Therefore, it is imperative to 
have a system that is not only a data and information 
repository but also one that offers sophisticated and 
useful analytical tools.

ABSTRAK

Sawit mula diperkenalkan di Asia Tenggara 
pada tahun 1875 dan telah ditanam bagi tujuan 
komersial di Malaysia semenjak tahun 1917. 
Hampir 60% daripada kawasan pertanian Malaysia 
ditanam dengan sawit dan ini menunjukkan 
kepentingannya terhadap ekonomi negara. Oleh 
itu, usaha perlu diteruskan untuk meningkatkan 
penghasilan demi memenuhi permintaan yang kian 
bertambah. Walau bagaimanapun, penambahbaikan 
produktiviti pengeluaran sawit melalui 
pembiakbakaan konvensional merupakan satu 
tugas yang memakan masa. Untuk melaksanakan 
pembiakbakaan berpandukan genomik, pentafsiran 
jujukan genom dan eksploitasi maklumat jujukan 
ini amat berguna. Perlombongan data merupakan 
cabang kajian penyelidikan yang menarik dalam 
bidang bioinformatik di mana tumpuan adalah 
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pada penggunaan peralatan perisian dan teknik 
untuk memudahkan pencapaian data. Walau 
bagaimanapun, peningkatan data yang dihasilkan 
pada masa kini telah memberikan satu cabaran yang 
besar. Oleh itu, dalam menangani kesemua cabaran, 
adalah penting untuk mempunyai sistem yang 
bukan hanya dapat menyimpan data dan maklumat 
tetapi juga menawarkan sistem perisian analisis 
yang terkini dan berguna.
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INTRODUCTION

The completion of the genome sequence of model 
plants such as Arabidopsis (Arabidopsis Genome 
Initiative, 2000) and rice (Goff et al., 2002) laid the 
foundation for whole genome sequencing of many 
important crops. In this respect, the Malaysian 
Palm Oil Board (MPOB) also initiated the oil palm 
genome sequencing project (Mohd Basri, 2009; 
MPOB Oil Palm Genome Programme, 2011). The 
rapid progress of the oil palm sequencing project 
has led to the accumulation of vast amounts of data 
which continue to expand rapidly. As such, there is 
a need for the development of a systematic oil palm 
sequence database for effective management and 
data mining.

Data mining is the confluence of multiple fields 
including statistics, machine learning, pattern rec-
ognition, databases, visualisation, etc. (Han and 
Kamber, 2006).  It plays an important role in solv-
ing problems by finding results from large data 
sets. In a genome sequencing effort, the challenges 
faced during the data mining process involve the 
pre-processing of a large collection of sequence 
data, developing techniques to analyse these se-
quences, and establishing software or appropriate 
applications to use and visualise the results. By 
knowing the pattern of the sequences, the process 
of mining the data efficiently becomes easier. Data 
mining also involves fast tracking the identification 
of appropriate tools for data analysis. In order to 
provide visualisation of the results, development 
of web-based analysis pipeline systems that are in-
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tegrated with databases will permit researchers to 
share the information. This will allow the informa-
tion to be easily accessed in a user-friendly manner. 
This article provides an overview of the challenges 
involved in mining oil palm sequence data.  It also 
touches on the use of data mining techniques and 
efforts towards automated mining of oil palm se-
quence data.

ISSUES AND USE OF DATA MINING 
TECHNIQUES FOR OIL PALM EXPRESSED 
SEQUENCE TAG AND GENETHRESHER 

SEQUENCES

The first gene discovery project in MPOB was an 
Expressed Sequence Tag programme. Expressed 
Sequence Tags (EST) are partial length cDNA 
sequences of at least 150 bp that can be matched 
to known genes in public databases (Adams et al., 
1991). MPOB has been generating EST sequences 
since the late 1990s (Cheah et al., 2000; Amos, 2003; 
Halimah, 2005; Elyana, 2008). Low et al. (2008) gave 
a comprehensive overview on the generation of 
EST sequences from 12 cDNA libraries representing 
three main developmental stages in oil palm 
tissue culture, namely embryogenic callus, non-
embryogenic callus and embryoids. This was 
carried out in order to understand gene expression 
during tissue culture and identify candidate genes 
influencing the different stages of tissue culture. 
Results obtained from the MPOB EST project 
showed that 57.6% of the 17 599 EST sequences 
corresponded to known genes. This approach was 
also used to identify genes involved in fatty acid 
biosynthesis and oil palm mesocarp-spesific genes 
(Nurniwalis et al., 2008). 

In MPOB, the increasing number of sequence 
information allowed the development of oil palm 
DNA sequence database, known as PalmGenes 
(Cheah et al., 2003). This database provides se-
quence information on the gene clone of interest, 
such as sequence data, similarity to known genes, 
position of the sequence on genetic maps and the 
information on person(s) who submitted the gene 
clones. The limitations of PalmGenes is that the 
database was established primarily to archive se-
quence information. Realising the need to imple-
ment a web-based system to manage, store and 
analyse the vast number of sequences and also fa-
cilitate data mining, hence the PalmDNABase was 
developed.  The system makes use of tools such as 
PHRED (Ewing et al., 1998), VecMask, LUCY (Chou 
et al., 2001), CAP3 (Huang and Madan, 1999) and 
BLAST (Altschul et al., 1997) to carry out qual-
ity check, vector masking and trimming, cluster-
ing and similarity search. PalmDNABase was an 

important step forward, as it not only allowed for 
systematic storage of data, but also allowed for rel-
evant analysis to be carried out in an efficient and 
systematic manner. This also allowed MPOB to ef-
fectively expand its EST programme.

The available oil palm EST provided MPOB 
with an opportunity to establish the DNA Chip 
programme in 2000 (Ooi et al., 2001). In fact, the 
large number of EST generated from the different 
developmental stages of tissue culture provided 
sufficient information to develop DNA microarray. 
DNA microarrays or DNA chips determine the ex-
pression of tens of thousands of genes in a single 
experiment (Fadiel and Naftolin, 2003). This is im-
portant as it is the expression of the genes that con-
fers phenotype to a particular cell or an organism. 
A comparison of differential expression profiles be-
tween two samples that have different phenotypes 
can help to identify genes associated with a par-
ticular phenotype. The DNA Chip programme pro-
vided interesting challenges both in terms of select-
ing the EST to be spotted on the cDNA microarrays 
as well as subsequent data analysis. The tools avail-
able in PalmDNABase helped prioritise unique 
EST that had similarity to known genes in public 
databases for use as probes on the array. However, 
microarray data analysis required a different set of 
tools, but was aided by the careful selection of EST 
as probes. In oil palm, the focus was to identify can-
didate genes associated with oil palm tissue culture 
amenity and floral abnormality (Low et al., 2003; 
Chan et al., 2005).  

Generally, EST sequences have wide applica-
tions: as a resource for gene cloning, as a source of 
molecular markers and for genomic sequence anno-
tation (Davis et al., 1999).  However, the limitations 
of EST are the incomplete coverage of underlying 
genes in which the genes identified may only be ex-
pressed at certain developmental stages; and where 
EST do not provide the complete representation 
of the parental cDNA (Rudd, 2003). Furthermore, 
EST sequencing projects tend to uncover highly ex-
pressed genes. Rare transcripts that are expressed 
at lower levels but which may have important bio-
logical functions may not be identified. Also EST 
represent small segments of cDNA generated from 
the mRNA. As such, valuable information found 
in the introns, may be lost by focusing on sequenc-
ing of EST. To overcome these limitations, MPOB 
in 2004 moved to sequencing the gene space (hy-
pomethylated region) of the oil palm genome us-
ing the methylation filtering technology, Gene-
ThresherTM (GT)  (Rabinowicz et al., 1999). About 
400 000 genomic sequences were obtained from 18 
GT libraries for both species, Elaeis guineensis and 
Elaeis oleifera. A total of 238 460 unique sequences 
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were generated after assembly (Budiman et al., 
2005).

DEvELOPMENT OF OIL PALM SSR RESOURCE 
INTERFACE (OPSRI)

The growth of the EST and GT data also required 
further development of the PalmDNABase as well 
as establishment of additional systems to help 
mine the dataset effectively. One such requirement 
was to establish a database to effectively mine for 
molecular markers, which are important tools to 
study the genetics of oil palm. The comprehensive 
collection of sequences generated from EST and 
GT projects provided an important resource for 
data mining of genetic markers. There are various 
marker techniques being exploited at MPOB. 
Among the molecular markers, Simple Sequence 
Repeats or SSR (Singh et al., 2007) are favoured 
for plant genome analysis and also widely used 
in marker-assisted breeding (Anwar and Khan, 
2005). Development of de novo SSR markers are 
labour intensive and costly. However, due to 
the increasing number of sequences available, in 
silico data mining of SSR was found to be faster 
and significantly lower in cost. As such, an effort 
was made to develop the Oil Palm SSR Resource 
Interface (OPSRI). 

OPSRI aims to ease the difficulties faced by bi-
ologists in data mining of SSR by eliminating the 
use of command lines. OPSRI database was de-
veloped using MySQL database management sys-
tem. Moreover, the database can be accessed from 
both the Linux or Windows operating system. Us-
ing OPSRI, SSR were successfully mined from the 
oil palm EST database and used in understanding 
oil palm germplasm diversity (Ting et al., 2010). 
The script embedded in the OPSRI data analysis 
module allows for the characterisation of repeat 
types, and this facilitated Ting et al. (2010) to iden-
tify 15 primers, which were tested on E. oleifera and 
E. guineensis germplasm collections. In total, 14 SSR 
were polymorphic in at least one of the germplasm 
populations. This study revealed the usefulness of 
EST-SSR markers in analysing genetic diversity of 
oil palm populations. The EST-SSR markers could 
also amplify coconut and exotic palms, indicating 
their usefulness for synteny or comparative stud-
ies. Similarly, using OPSRI, Noorhariza et al. (2010) 
mined and characterised E. oleifera SSR markers 
from GT sequences. The markers were capable of 
analysing genetic diversity in germplasm collec-
tions from four countries in South America. The 
expanding collection of EST and GT sequences also 
provided the impetus to further improve the DNA 
sequence database. This was also with a view to 
eventually prepare for whole genome sequencing.

ESTABLISHING DATABASES FOR EFFECTIvE 
DATA MINING

Basically, data mining requires a database for 
input of raw data. Development of an effective 
database is a great challenge because the content of 
the database needs to be constantly updated. This 
poses a problem from a data mining perspective, 
as there is a need to ensure that rules are up-to-
date and are consistent with current information 
(Nasereddin, 2009).  To date, a number of software 
and scripts have been developed for data mining 
and are available on the web (Brazas et al., 2011). 
In an effort to expedite data analysis, identification 
of appropriate tools that cater for the volume of 
available and ever expanding data set is essential. 
Most of the online analysis tools are developed for 
Windows users and effectiveness of the analysis 
is restricted by data size. Dealing with large raw 
data set requires powerful bioinformatics tools, 
where most of these tools are written for a Unix 
environment and the transition from Windows to 
Unix can seem challenging. However these days, 
the development of bioinformatics computational 
pipeline systems have become a trend and facilitates 
the migration of researchers from a Windows to a 
Unix environment. It provides researchers with a 
user-friendly system that is convenient. Besides 
that, third party tools which are freely available 
are actually an advantage, as they can be modified 
and integrated by programmers. These tools are 
even more important in whole genome sequencing 
programmes. To cope with the whole genome data 
and complexity of analysis, these new tools and 
systems are required to meet the ever expanding 
data mining requirements. It is for this reason that 
MPOB has embarked on establishing a database to 
house all forms of sequence data. In addition, efforts 
have also focused on establishing appropriate tools 
and techniques to help mine the data effectively.

MOvING TOwARDS AN AUTOMATED 
SySTEM FOR MANAGING wHOLE GENOME 

DATA OF OIL PALM

Information from sequencing the oil palm genome 
has made it possible to explore the genetic code 
of oil palm. With the complete genome sequence 
in hand, researchers can exploit the huge amount 
of information to identify genes of interest more 
easily. Researchers can use online bioinformatic 
tools to study and analyse genome data. However, 
most of the applications need high performance 
computing cluster. In an effort to establish a data 
centre for the oil palm genome, a high performance 
computing system which comprises a master node 
and eight compute nodes was established. Table 1 
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shows an example of programs that are available in 
the Oil Palm Genome Programme (OPGP) cluster 
server, to help analyse through whole genome data.

The objectives and goals of the research pro-
gramme dictate how data mining is to be carried 
out. In MPOB, for example efforts are focused on 
comparative analysis with other crops like rice, 
Arabidopsis and date palm which have been se-
quenced and annotated extensively. At the same 
time, the oil palm genome assembly is also being 
characterised and annotated using in-house and 
publicly available oil palm sequences. One of the 
major challenges is exhaustive sequence analysis, 
which in turn requires servers with large memory 
and fast processing time. In order to ensure suc-
cessful and easy analysis, scripts to cater for all rou-
tine analysis are being written and an automated 

TABLE 1. SOFTWARE INSTALLED IN THE OIL PALM GENOME PROGRAMME (OPGP) SERVER

Software Application Description

Augusrus Predict genes in eukaryotic genomic sequences

BamView Interactive display of read alignments in BAM data files

blastall Local sequence alignment search method with enhanced-features. Core program of 
the BLAST package

Bowtie Align sequencing reads to reference sequences

CAP3 DNA sequence assembly program
CD-HIT Cluster and compare protein or nucleotide sequences

CEGMA A pipeline to accurately annotate core genes in eukaryotic genomes
Censor Compare and mask protein or nucleotide sequences
ClustalW General purpose multiple sequence alignment program for DNA or protein

Compart Finds the approximate positions of the target sequences on the genome taking into 
account possible gene duplications 

Cufflinks Assembles transcripts, estimates their abundances, and tests for differential 
expression and regulation in RNA-Seq data

EMBOSS European Molecular Biology Open Software Suite (EMBOSS): package of open 
source software for molecular biology

ExONERATE Generic tool for pairwise sequence comparison
GrailExP Predict exons, genes, promoters, polyAs, CpG islands, EST similarities and 

repetitive elements within DNA sequence
GAzE Integrate gene prediction signal and content sensor information into complete gene 

structures
genBlast Consists of two programs: genBlastA enables BLAST to identify homologous gene 

sequences and  genBlastG extends BLAST to be a high performance gene finder
geneid Predicts genes in anonymous genomic sequences designed with a hierarchical 

structure
GeneSplicer Detects splice sites in the genomic DNA of various eukaryotes
GeneWise Predicts gene structures using similar protein sequences
GenomeTools Free collection of bioinformatics tools

data mining system is being established. Currently, 
several perl scripts have been written in MPOB to 
facilitate in the data mining process (Table 2). 

CONCLUSION

Sequence data in MPOB is increasing dramatically. 
A modest start was made initially  with the EST 
project. Subsequent efforts were focused on 
generating genomic sequence information using 
the GT methylation filtration technique. The 
EST and GT sequences provided MPOB with 
an opportunity to develop its bioinformatics 
capacity in managing and mining sequence data. 
The experience gave MPOB the confidence to 
embark on a whole genome sequencing project 
and establish bioinformatics tools for data mining 
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TABLE 2. IN-HOUSE PERL SCRIPTS

Scripts Description

brCONVERT.pl Converts BLAST reports to tab-delimited format file

brFILTER.pl Filters BLAST results based on user define parameters

brSPLIT.pl Splits BLAST result of multiple queries into individual Blast reports

combineAnnoSeq.pl Matches annotation and sequences from separate files

fasta60.pl Reformats FASTA file into 60 bases per line

gatherFILE.pl Searches and copies all files with same extension in all subdirectories

gethitregion.pl Extracts hit regions of subjects from BLAST report

glimmerhmm2exonfile.pl Converts output from Glimmer gff3 file to exon file (input for trainGlimmerHMM)

readQ.pl Reads the entire query ID from a BLAST report and returns the IDs into a new file

searchncopyfile.pl Searches for a file in all subdirectories

seqcut.pl Extracts specific region of a sequence in a FASTA file

splign2exon.pl Converts the Splign output file into exon file format

splitFASTA.pl Splits multiple FASTA sequences into separate files 

splitFASTAlength.pl Splits multiple FASTA sequences into separate files according to the length of bases 

step1.pl Base-calling, quality check  and vector trimming

step2.pl Performs BLAST analysis

step3.pl Converts BLAST reports to tab-delimited file and list the Subject IDs of genes of interest 
in a separate file 

Step4.pl Extracts sequence of genes of interest from blast database

at whole genome level. Appropriate data mining 
techniques are powerful tools which can help 
extract information from large data sets. However, 
data mining of oil palm genome sequences is not a 
simple process that can be carried out by a single 
click of a button. It involves various applications 
and tools. Therefore, a system with sophisticated 
tools is needed to ensure that all the challenges are 
addressed. Appropriate data mining techniques 
that use user-friendly automated data analysis 
pipelines and data repository systems, can help 
overcome all the above challenges. Nevertheless, 
data prediction obtained through bioinformatics 
tools should ideally be verified by laboratory 
experiments.
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