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ABSTRACT

Ome of the key processes hindering the efficiency of oil palm tissue culture is its poor embryogenesis rate and

therefore efforts to pursue improvements in this area remain essential. EgPK1, a homolog of the mammalian

STK16, was isolated from oil palm embryogenic suspension cultures through cold plaque screening. Up-

requlation of EgPK1 transcripts was observed in embryogenic calli relative to its non-embryogenic counterpart.

Quantitative PCR also demonstrated similar results. A5’ RACE fragment was found to be different from the

original EgPK1 sequence, with the variation unique to the first 115 nucleotides at the 5'region, suggesting

alternative splicing events. Quantitative PCR analyses suggested that expression profiles of the variants

across different developmental stages were similar to each other. As hypothesized in the mammalian systems,

EgPK1 may serve a similar role in disruption of the extracellular matrix surrounding the proembryogenic

masses during somatic embryogenesis.

Keywords: kinase, EgPK1, STK16, somatic embryogenesis.

Date received: 7 August 2007; Sent for revision: 17 August 2007; Received in final form: 25 October 2007; Accepted: 7 November 2007.

INTRODUCTION

With the high demand for palm oil, increasing the
oil yield is the main priority for the oil palm industry.
Although research in plant genetics and breeding has
largely improved the performance of the crop,
current conventional breeding and seed production
methods may still be insufficient to realize the
maximum potential of the selected hybrid genotypes
(Paranjothy, 1989; Duval et al., 1995; Rajanaidu et al.,
1997). Therefore, vegetative propagation of the oil
palm via tissue culture is an attractive alternative
with a huge ready market for tissue culture plantlets
worldwide.
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Through tissue culture, planting materials are
more uniform, leading to a potential increase in yield
of up to 30% compared to seedlings (Hardon et al.,
1987; Soh, 1986). However, one of the major obstacles
to the development of an economically efficient
propagation system is the low frequency of
embryogenesis. Most tissue culture laboratories still
report average embryogenesis rate of only 6% (Wooi,
1995). Despite its economic importance, little is
known about the biology of oil palm somatic
embryogenesis.

Many of the earlier studies on somatic
embryogenesis of the oil palm were on the
development of methodologies for the initiation and
production of somatic embryos (Ahee et al., 1981;
Jones, 1974). These groups mainly manipulated the
phytohormones in their media and identified tissues
with better clonability. Histological analysis of
somatic embryogenesis from leaf-derived callus was
able to detail the emergence of callus and the
subsequent formation of somatic embryos
(Schwendiman et al., 1988).

The tissue culture process, being very much
influenced by environmental conditions, will involve
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the triggering of elements that perceive these
changes. At any one time, plant cells experience a
mass of external signals that can arise from abiotic
related influences such as mechanical, temperature,
mineral, light, gaseous, wound, water, physical and
electrical effects (Gilroy and Trewavas, 1990).
Internally, they are subjected to signals from a stream
of growth regulators, peptides, sugars and other
metabolites, steroids, wall fragments, turgor-related
and wall-imposed mechanical signals from other
cells and further electrical information. Hence, signal
transduction is used by plants to coordinate their
development and to respond to endogenous or
exogenous stimuli. Proteins involved in signal
transduction pathways such as protein kinases are
most likely activated.

In order to unravel the complex process of oil
palm somatic embryo development, genetic
approaches were used in an attempt to generate
molecular markers. Such markers will aid in
understanding plant development, and the
subsequent analysis of their regulation will greatly
facilitate improvements in in vitro systems to
hopefully enhance the somatic embryogenesis
process. Thus, study of protein kinases that may be
involved in signal transduction pathways during oil
palm somatic embryogenesis was carried out. In this
study, EgPK1, a gene encoding the putative protein
kinase homolog of the mammalian STK16, was
isolated from oil palm. Expression studies were
conducted and its role in embryogenesis
hypothesized.

MATERIALS AND METHODS
Plant Materials

All tissue culture materials, including oil palm
embryogenic suspension cultures, embryogenic and
non-embryogenic cultures (clones/lines; 282, 283,
291, 293, 294, 295) were kindly provided by Applied
Agricultural Research Sdn Bhd, Malaysia. Zygotic
embryos were excised from oil palm fruits at two
stages of growth [15 weeks after anthesis (WAA) and
16 WAA], kindly provided by the Oil Palm Research
Station, Sime Darby Bhd, Malaysia.

Cold Plaque Screening

Total RNA extracted from oil palm embryogenic
suspension cultures (Schultz et al., 1994) was used
for poly A* RNA isolation with the PolyA Tract
Isolation System (Promega) according to the
manufacturer’s instructions. The cDNA library was
constructed using the ZAP-cDNA Synthesis Kit
(Stratagene) according to the manufacturer’s
instructions. In the cold plaque screening procedure
adapted from Hodge et al. (1992), the oil palm
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embryogenic suspension culture cDNA library was
screened with a a-[*?P]dCTP (~3000 Ci m mol";
Amersham Biosciences) radiolabelled probe
prepared from embryogenic suspension culture first-
strand cDNA using the High Prime reaction mix
(Roche) according to the manufacturer’s instructions.
The membranes were pre-hybridized and then
hybridized with the probe in a hybridization buffer
[5x SSPE, 5x Denhardt’s solution, 0.5% (w/v) SDS,
100 ug ml* denatured herring sperm DNA] at 60°C.
Low stringency washes (2x SSC, 0.1% SDS) at room
temperature were carried out twice for 10 min each.
The level of radioactivity between washes was
measured using a hand-held Geiger counter. The
membranes were exposed to autoradiography film
(Agfa) with intensifying screen at -80°C for about
two weeks. Approximately a thousand ‘cold” plaques
were randomly cored and in vivo excised. One of
these clones, designated EgPK1, encoded a putative
serine/ threonine kinase.

Cloning and Sequence Analysis

For further manipulations, the PCR products of
various regions derived from EgPK1 plasmid were
cloned into the pCR2.1-TOPO® vector (Invitrogen,
Inc.). For nucleotide sequence analysis and further
manipulation, template DNA was isolated using a
standard alkaline lysis method (Sambrook et al.,
1989). Sequencing was carried out using the BigDye
Terminator Cycle Sequencing kit (Applied
Biosystems, USA) with ABI Prism 377 DNA
automated sequencer (Applied Biosystems, USA).
Nucleotide sequences were compared to the non-
redundant (NR) database using the BLAST
algorithm (Altschul et al., 1997).

RACE Amplification of 5" Upstream Regions

RACE PCR was performed according to the
manufacturer’s instructions (Marathon™ cDNA
Amplification Kit, Clontech) with a starting template
of approximately 4.5 ug suspension culture total
RNA. The 5RACE specific primer (5'-
CCCTCACAAACTGTAACTGGTCCTCAC-3),
designed to nt. 355 to 381, was used together with
the AP1 primer (Clontech) in PCR conditions of: five
cycles of 94°C, 30 s, 72°C, 4 min; 5 cycles of 94°C,
30s, 70°C, 4 min; 25 cycles of 94°C, 20 s, 68°C, 4 min.

Southern Analysis

For Southern hybridization, a specific probe that
spans the region of 1051nt-1314nt was generated by
PCR with primers 5-TCCAGCCTCAACCTGCAGTC-
3" and 5-GAAGATAATCTGTCATATATTTG-3'. This
263bp fragment was cloned into the pCR-II TOPO®
vector (Invitrogen Inc.), verified by sequencing and
used for the generation of radiolabelled probes with
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a[*P]dCTP for hybridization. Southern
hybridization was performed as previously
described (Montag et al., 1995).

Real Time Quantitative PCR

RACE PCR analyses suggested that there might
be more than one transcript of EgPK1. Thus, real time
quantitative PCR was conducted to analyse the
differential expression profiles, with the assumption
that there are two variants. Primers and TagMan
probe sets were designed and synthesized by Assay-
By-Design® service (Applied Biosystems) for
GAPDH while primers and FAM-labelled
fluorogenic probes to distinguish the profiles of the
EgPK1 variants were designed and synthesized by
Bioneer, Korea. The primers and probe sequences
were designed to the unique 5’-region of EgPK1
(nt.10-154) and the sequences were 5'-
GGAGAGGGAGAGAGATAGAGAGAG-%
(forward), 5'-CCGTTCACCGCGTTGTAGAG-3’
(reverse)and 5-TGAGCCCTGAGAAGGAGCATCCCATC-
3’ (FAM-labelled probe, designated EgPKI1),
respectively. Another set of primers and probe was
designed to the common region (nt. 653-781) in both
variants of EgPK1l and they were 5’'-
CGAATTTCCTTTCTTGCGGGCCGAGC-3’
(forward), 5'-TGCAATTGTAATGCCTCTGAACG-3
(reverse)and 5-CGAATTTCCITTCTTGCGGGCCGAGC-
3 (FAM-labelled probe, designated EgPK); the
primers for GAPDH were 5-ACTGCTAC-
TCAGAAGACTGTTGATG-3" (forward), 5'-
TGCTGCTAGGAATGATGTTAAAGCT-3' (reverse)
and 5-ACCCCTCCAGTCCTTG-3" (FAM-labelled
probe). Contaminating DNA was removed from the
RNA samples by RNAse-free DNAsel (Roche)
treatment. Subsequently, the purified RNA was
analysed for its integrity and purity using the Agilent
2100 BioAnalyzer according to the manufacturer’s
instructions. RNA (2 ug) with a 285:18S ratio higher
than 1 was selected for cDNA synthesis using the
High Capacity ¢cDNA Archive kit (Applied
Biosystems, USA) according to the manufacturer’s
instructions. Five microlitres of first strand cDNA
(1:150 dilution with 0.1 mM EDTA) were used with
all primer/probe sets for real-time PCR. PCR
reactions of 25 ul were carried out according to the
manufacturer’s instructions. Real Time PCR was
performed on the ABI Prism 7700 Sequence
Detection System (Applied Biosystems, USA) in a
96-well reaction plate according to the
manufacturer’s recommendations for the PCR
programme of 2 min at 50°C; 10 min at 95°C; and 40
cycles of 95°C for 15 s and 60°C for 1 min. Each PCR
reaction was performed in triplicate with no template
controls included. The Comparative C, method of
analysing the real time PCR data was conducted to
compare the transcript levels of a particular variant
across various tissues.

16

RESULT
Isolation of EgPK1

Cold plaque screening of embryogenic
suspension culture cDNA library with embryogenic
suspension culture first-strand cDNA as a probe
generated approximately 1% hybridization signals.
Approximately 1000 cold plaques that did not
produce signals were randomly isolated, screened
and sequenced. The analysis of cold plaque ESTs
from embryogenic suspension cultures will be
reported elsewhere (Ho et al., 2007). The cold plaque
ESTs with homology to regulatory genes, e.g.
transcription factors and signal transduction genes,
were randomly selected for further characterization
studies and one of these was designated EgPK1, a
putative serine/ threonine kinase gene.

Sequence Analysis of EgPK1

EgPK1 contained a transcript of 1314 nucleotides
with an ORF encoding a putative polypeptide of 346
amino acids. The nucleotide and deduced amino acid
sequences of EgPK1 are shown in Figure 1. The
EgPK1 was 75% similar to ATPKS3, a serine/
threonine kinase from Arabidopsis thaliana (Bonham-
Smith, 1996). The ATPK3 was grouped with a
relatively novel subfamily of serine/threonine
kinases which includes the mammalian STK16/
Krct/PKL12 (Ligos et al., 1998; Stairs et al., 1998;
Kurioka et al., 1998; Berson et al., 1999; Ohta et al.,
2000).

In recent years, putative ATPK3/STK16
orthologues have also been isolated from grape (Acc.
CAN66918), cotton (Acc. AAZ39949) and cucumber
(Acc. CAI30891). The EgPK1 also contains a
dinucleotide simple sequence repeat (SSR) as
suggested by the presence of d(GA) repeats in the
5’UTR region.

Some of the subdomains are quite conserved
between the mammalian and plant members (Figure
2). There are the characteristic 12 kinase domain
residues that are recognized as being nearly invariant
throughout the eukaryotic protein kinase
superfamily and are therefore strongly implicated
as playing essential roles in enzyme function (Hanks
and Hunter, 1995). These residues are Gly50 and
Gly52 in subdomain I, Lys72 in subdomain II, GIn91
in subdomain III, Asp166 and Asn171 in subdomain
VIB, Asp184 and Gly186 in subdomain VII, GIn208
in subdomain VIII, Asp220 and Gly225 in subdomain
IX and Arg280 in subdomain XI. Most of these
residues are present in this serine/ threonine kinase
subfamily including EgPK1.

The more conserved subdomains among the five
members were subdomains I, IV, VII, VIII and IX,
and the conservation in all subdomains was notably
higher amongst the plant members. So far, EQPK1,
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1 aggaagaggggagagggagagagat agagagagagagagagagagatcttcttcttctcttt 62
M G C S F S
63 t gat cgaggccgaagggggcaat cggagggagaagggaagagat gggat gctccttctca 122
G L NALYNAVNSGSGS GDVUL I NEN
123 gggct caacgcgcet ct acaacgcggt gaacgggggcggcegat gt ctt gat caacgagaac 182
P FRI L RQI GEGGFAYVY L VK
183 ccattccggattct gaggcagat cggcgaggggggatt cgcct acgtctacctcgttaag 242
E VYV DDAPJ SRS GLAAIKIKSMMHP
243 gaggt cgt cgacgacgccccgt cccgcagcgggcet cgccgccaagaagt ccat gcaccet 302
S HV S EDGTYSMIKI KV LI QS E D
303 t cccat gt ct cagaagat gggacat att ct at gaagaaagt cctt att caaagt gaggac 362
QL QF VR REIEI PV SSLFNMHUPNIL
363 cagttacagttt gt gagggaggaaatccctgtttcgtctctttttaatcatccaaatctg 422
L S L L DHAI I SV K GPOQGSGMWNH
423 ctttctcttcttgatcatgcaattatttcagttaagggt ccccaaggaggat ggaaccat 482
E AY L L FPV HL DU GTUFUL DNS KV
483 gaagcatacctcttattcccagttcacctagatgggacttttctggacaattctaaagtt 542
M Q A K KEUFF STULTWVL QI F Q QL
543 at gcaagcaaagaaggaattcttct caacact caccgttcttcaaattttccaacagctt 602
C AGL KHMHMMHSFDUWPWPY AMHNDV N
603 t gt gcagggct aaagcacat gcacagtttt gat cct ccat at gct cat aat gat gt gaac 662
L viIi S HAHRIKGOQPWPLTI L MDF
663 ctggtaatttctcatgcacat agaaaggggcaaccacctcttacaattttaatggatttt 722
G RARPARIKEI RSRSEALOQL Q
723 ggaagagct cggcccgcaagaaaggaaattcgttct cgtt cagaggcattacaattgcag 782
E WA AEHCSAPFIRAPEL WIDTCUP
783 gaat gggct gct gagcattgttctgcaccattccgagctcctgagttatgggattgtcca 842
s YT TDI DERTWDI WSL GCTL Y A
843 agct acaccgacat t gat gagaggacagat at ct ggt cact aggat gt actttgtatgca 902
I MY GV TPUFEY AL GDSGGS S L Q
903 ataatgtatggtgttactccttttgagtatgcacttggagattcaggaggcagcttgcag 962
L Al I NAQI KWPWPGWPIDU®PWPY P D
963 ttggccattat caat gcacagat aaaat ggccccct ggt cct gatcccecttatccggac 1022
AL RQFVGWMLQPQPAVRPHI
1023 gctctccgacagtttgtaggat ggat gctccagcect caacct gcagt cagacctcacatt 1082
bObDI I 1 HV D KWLI S KY L P QAIKP
1083 gatgatatcatcattcatgttgataagctcatttcaaagtacttgcctcaagccaaaccg 1142
1143 taatattttaattttcttggattgaatatatgtgaatcatagaggagcttcctttacatg 1202
1203 taaatttatatgtgtttctctcttaaaagaggttcaccatggtgttacatgcaaagatga 1262
1263 ttacttttgtagagtcagcagact at aat caaat at at gacagattatcttc 1314

Figure 1. Nucleotide and deduced amino acid sequences of EgPK1 (Acc. No. DQ267436). “*” indicates the stop codon
of the ORFE. Deduced amino acid sequences are located above the codons. Translation was carried out using
SIXFRAME (Biology Workbench Version 3.2, University of California San Diego, 1999).

mPKL12, ATPK3, OsSTK16 appear to be unique in a
particular organism and may constitute a single gene
family. Using a gene specific probe of EgPK1
consisting of part of the 3’ coding region and 3’-UTR,
Southern analysis suggested that EgPKI might be
present in more than one copy in the genome (Figure
3), as two bands were observed in HindIII digested
genomic DNA. All three restriction sites used
(BamHI, Xhol, HindIll) were not found in the
corresponding genomic fragment of the EgPK1
probe.

To verify the 5 untranslated region of EgPKI,
5'RACE was conducted from first-strand cDNA of
suspension cultures. After cloning, two
recombinants, designated EgPK1 variant 1 and
variant 2, containing similar insert sizes were
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sequenced. Alignment of the 5'region of these clones
is shown in Figure 4.

The sequence information of EgPK1 variant 1
verified the cDNA sequence of the original EQPK1,
with the exception of some mismatches which could
be due to PCR errors. The second clone, EgPK1
variant 2, was only identical to EgPK1 from the
second codon of the ORF onwards but, in addition
to not having a start codon at the same location as in
EgPK1, its 5" upstream region was also completely
different. BlastN analysis of this unique region
generated 100% identity to 18S small subunit
ribosomal RNA from various species, including
Elaeis oleifera (Acc. AY012395). This entire nucleotide
region was also found in cDNA clones of other
species at approximately 95% identity, e.g. in rice
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O.sativa
EgPK1
ATPK3
HumanPKL12
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EgPK1
ATPK3
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EgPK1
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HumanPKL12
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MouseSTK16
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Figure 2. Sequence alignment of EgPK1 with other related members from the same serine/threonine kinase subfamily.
Amino acids in black boxes and in grey boxes are identical and similar, respectively, in at least three of the five
members. Subdomains (I-XI) are shown. Accession numbers: Oryza sativa putative serine/threonine-protein kinase
16 (XP_450718), Elaeis guineensis EQPK1 (DQ267436), Mus musculus STK16 (AF089869), Homo sapiens
PKL12 (AJ005791), Arabidopsis thaliana ATPK3 (AAB69123). Alignment was conducted using CLUSTALW
(Biology Workbench Version 3.2, University of California San Diego, 1999) and BioEdit version 7.0.5.3 (Hall, 1999).

BamH|1 Hindlll Xhol
Lg 10 20 40 10 20 40 10 20 40

10 kb

“w 11.4 kb

Figure 3. Southern analysis of EgPK1. Genomic DNA (10 ug, 20 ug, 40 ug) was digested with three different
restriction enzymes, blotted onto nylon membrane and hybridized with the 3’UTR of EgPK1.
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EgPKlvaril
EgPK1
EgPK1lvar2

EgPKlvaril
EgPK1
EgPKlvar2

EgPKlvarl
EgPK1
EgPKlvar2

GGGGCAATCGGAGGGAGAAGGGAAGAGATGGGATGCTCCTTCTCAGGGCTCAACGCGCTCTACAACGCGGTGAACGGGGG
GGGGCAATCGGAGGGAGAAGGGAAGAGATGGGATGCTCCTTCTCAGGGCTCAACGCGCTCTACAACGCGGTGAACGGGGG
ACCTTCTCAGGGCTCAACGCGCTCTACAACGCGGTGAACGGGGG

200 210 220 230 240

CGGCGATGTCTGGATCAACGAGAACCGATTCCGGATTCTGAGGCAGATCGGCGAGGGGGCGATTCGCITACGTCTACCTCG
CGGCGATGTCTGATCAACGAGAACC®ATTCCGGATTCTGAGGCAGATCGGCGAGGGGGGATTCGCCTACGTCTACCTCG
CGGCGATGTCTGGATCAACGAGAACCGATTCCGGATTCTGAGGCAGATCGGCGAGGGGGGATTCGCCTACGTCTACCTCG

EgPKlvaril
EgPK1
EgPKlvar2

Figure 4. Comparison of EgPK1 transcript variants from oil palm. Only the variable 5region is shown. Shaded
residues are identical in at least two out of the three transcripts. Accession numbers: EgPK1 (DQ267436), EgPKvarl
(DQ267438), EgPKvar2 (DQ267439).

(Acc. CT830426 and AK109445.1) and Arabidopsis
(Acc. AY056114.1). As of now, we are not clear on a
possible reason for the existence of this transcript
variant, but it could be due to splicing or
recombination events. In humans, two spliced
variants have also been isolated which encodes the
same protein but differ at their 5° UTR (hSTK16
variant 1 (Acc. NM_003691) and hSTK16 variant 2
(Acc. NM_001008910)). Two spliced variants were
also found in Arabidopsis, whereby one variant
retained an intron in the 5’ region of its mRNA (Acc.
NM_120899 and NM_180461). However, transcript
variants have not been identified in other species,
e.g. in rice and mouse.

Gene Expression Analyses

In order to distinguish the expression patterns
among the EgPKI variants, real time quantitative
PCR was conducted utilizing probes designed to the
unique regions in the variants (Figure 5). Thus,
specific primers and dual labelled fluorogenic probes
(EgPK1) were designed to the unique 5'region of
EgPK1 and a second set of primers and probe (EgPK)
was also designed to the common region present in
the two variants isolated so far.

In most tissue culture samples analysed, the
levels of EgPK1 and its variants (EgPK) were
generally higher, relative to their respective levels
in the calibrator sample, 293NEC. In tissue culture
materials, higher levels of EgPKI were observed in
embryogenic cultures. However, these levels varied
when comparing among different clones of
embryogenic calli, suggesting genotype or clonal
differences. Levels in non-embryogenic cultures
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were generally lower, with as much as a 14-fold
difference in the EgPK levels (both transcript
variants) between embryogenic and non-
embryogenic calli observed in clone 295.

Subsequently, in oil palm tissue culture, friable
embryogenic callus on solid media are occasionally
used to initiate suspensions (de Touchet et al., 1991;
Wong et al., 1999). The proliferating embryonic
aggregates do not have an epidermis and are
composed of actively dividing meristematic cells (de
Touchetet al., 1991). Here, the EgPK1 transcript levels
decreased from its earlier levels in embryogenic calli
on solid media. Later on, embryos were obtained by
spreading the proliferating nodules on hormone-free
medium plates (de Touchet ef al., 1991; Wong et al.,
1999). The embryonic aggregates converted to
embryoids, which subsequently turned green and
eventually developed shoots (Wong et al., 1999). At
these maturing stages, the transcript levels of EgPK1
and those of its variants increased again, as observed
in both the maturing somatic (293WE and GE) and
zygotic embryos (15WAA and 16WAA).

Leaf tissues are normally used as explants in oil
palm tissue culture. We were curious to know
whether EgPK1 expression differences were already
apparent during callus initiation. Thus, we
investigated the transcript levels of EgPK1 and its
variants in the leaf explants from which the
embryogenic and non-embryogenic calli were
respectively derived from, that is, after callogenesis
had occurred and embryogenic calli and non-
embryogenic calli observed to have formed from
their leaf explants. After detaching the embryogenic
and non-embryogenic calli, respectively, from their
leaf explants, RNA was also extracted from these
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Figure 5. Expression analysis of EQPK1 variants in various tissues by real time quantitative PCR analysis. EqQPK1
expression levels were normalized to GAPDH levels. The ddC, values were normalized to the calibrator (calb),
293NEC. Note that comparisons can only be carried out across the different tissues for each variant but not between
the variants in a particular tissue. Abbreviations: zygotic embryos 15 weeks after anthesis (15WAA), zygotic
embryos 1T6WAA (16WAA), leaf explants detached from non-embryogenic solid cultures (L-NEC), leaf explants
detached from embryogenic solid cultures (L-EC), embryogenic calli (EC), non-embryogenic calli (NEC), white
embryoids (WE), green embryoids (GE), embryogenic suspension cultures (SC), suspension cultures in MS-basal
medium (MS). Numbers next to sample type (tissue cultured samples only) are clone numbers.

explants (the explants from which embryogenic calli
were derived were designated L-EC; the explants
from which non-embryogenic calli were derived
were designated L-NEC). Interestingly, the EgPK1
and EgPK levels were observed to be approximately
two-fold and five-fold higher, respectively, in L-EC
tissues than in L-NEC. The higher levels of EgPK1
in L-EC itself suggested that up-regulation of EgPK1
either occurred before or simultaneously with the
formation of embryogenic calli from the explants.
This may prove useful in the early detection of this
marker during the tissue culture process; however,
more detailed studies need to be conducted.
Limited characterization studies have been
carried out on the plant members of the STK16
protein kinase familiy. However, the mammalian
STK16 was found to be widely distributed
throughout murine fetal development and adult
tissues (Ligos et al., 1998; Stairs et al., 1998; Kurioka
et al., 1998). In oil palm, EgPK1 was observed to be
differentially expressed throughout early oil palm
development during tissue culture, although the
expression levels did not differ significantly. Non-
radioactive in situ RNA hybridization failed to detect
the localization of transcripts in embryogenic calli
and suspension cultures, even after several attempts.
It is possible that the transcript levels were very low
as Northern hybridization previously conducted also
required a long exposure time (two weeks) for the
detection of faint bands (data not shown).
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A regulatory role has been hypothesized for
PKL12/STK16, the mammalian homolog, in the
control of extracellular matrix-cell adhesion,
mediating the dynamic equilibrium of organization
or disorganization of focal adhesion structures and
actin cytoskeleton (Ligos ef al., 2002). As transient
overexpression of PKL12 causes disruption of the
extracellular matrix-cell adhesion due to
disorganization of the actin cytoskeleton, a similar
scenario may also occur during early oil palm
somatic embryogenesis. This is because the
formation of proembryogenic masses (PEMs) occurs
in conjunction with the isolation of these
embryogenic cells from the surrounding cells (Ong,
2001). The isolation is believed to be a result of auxin-
induced response of cell wall metabolism as
structural proteins like hydroxyproline-rich
glycoproteins, glycine-rich and proline-rich proteins
have been found to be up-regulated after auxin
induction (Ebener et al., 1993; Suzuki et al., 1993; Vera
etal., 1994). Under the influence of auxin on oil palm
calli, changes occur in the cell walls that result in the
formation of a thickened wall that surrounds the
PEMs with several layers of highly vacuolated cells
(Ong, 2001). As the EgPK1 mRNA levels were higher
in embryogenic cultures compared to in non-
embryogenic and suspension cultures, we
hypothesized that EgPK1 may have caused a similar
disruption of the extracellular-matrix around the
PEMs in order to isolate these proembryogenic
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clusters from the neighbouring vacuolated cells. In
suspension cultures, the constant agitation of the
cultures aids in the dispersion or isolation of the
developing proembryos and embryos, which may
correlate to the decrease in EgPKI levels.
Overexpression studies in oil palm may help to shed
some light on this.

CONCLUSION

Somatic embryogenesis is an intricate biological
puzzle. In oil palm, this is aggravated by the
asynchronous developmental characteristics of
individual genotypes (clones). One of the bottlenecks
during oil palm tissue culture remains the low
embryogenesis rate. From this study, EgPK1 may be
utilized as a potential marker for embryogenesis.
However, to have a better understanding of the
role(s) this protein plays during embryogenesis,
functional elucidation of EgPK1 is needed, which is
currently in progress. This may lead to a venue for
manipulation at the early selection stages of tissue
culture explants in future.

ACKNOWLEDGEMENT

We thank the Director-General of MPOB for
permission to publish this article and the Genomics
Group, MPOB for sequencing services. We are
grateful to Applied Agricultural Research Sdn Bhd,
especially Ms Girlie Wong, and the Oil Palm
Research Station, Sime Darby Bhd for their supply
of tissue materials as well as Ms Chan Pek Lan,
Genomics Group, MPOB for the root sample used
in this study, our assistant research officers and
research assistants for their invaluable technical
assistance. This work was financially supported by
the grant 01-04-03-T0045-TC2 from the Malaysian
Ministry of Science and Technology under the
Malaysian Palm Oil Board (MPOB)-Massachusetts
Institute of Technology (MIT) Biotechnology
Partnership Programme (MMBPP).

REFERENCES

AHEE, J; ARTHUIS, P; CAS, G; DUVAL, Y; GUENIN,
G; HANOWER, J; HANOWER, P; LIEVOUX, D;
LIORET, C; MALAURIE, B; PANNETIER, C;
RAILLOT, D; VARECHON, C and ZUCKERMANN,
L (1981). Vegetative propagation of the oil palm in
vitro by somatic embryogenesis. Oleagineux, 36: 113-
118.

ALTSCHUL, S F; MADDEN, T L; SCHAFFER, A A;
ZHANG, J; ZHANG, Z; MILLER, W and LIPMAN,

21

D J (1997). Gapped BLAST and PSI-BLAST: a new
generation of protein database search programs.
Nucl. Acids Res., 25: 3389-3402.

BERSON, A E; YOUNG, C; MORRISON, S L; FUJII,
G H; SHEUNG, J; WU, B; BOLEN, ] B and
BURKHARDT, A L (1999). Identification and
characterization of a myristylated and palmitylated
serine/ threonine protein kinase. Biochem. Biophys.
Res. Commun., 259: 533-538.

BONHAM-SMITH, P C (1996). Molecular cloning of
the cDNA for a C-terminal-truncated serine/
threonine protein kinase from Arabidopsis thaliana.
Plant Physiol., 114: 748-750.

DE TOUCHET, B; DUVAL, Y and PANNETIER, C
(1991). Plant regeneration from embryogenic
suspension cultures of oil palm (Elaeis guineensis
Jacq.). Plant Cell Reports, 10: 529-532.

DUVAL, Y; ENGELMANN, F and DURAND-
GASSELIN, T (1995). Somatic embryogenesis in oil
palm (Elaeis guineensis Jacq.). Biotechnology in
Agriculture and Forestry, Somatic Embryogenesis and
Synthetic Seeds I (Bajaj, Y P S ed.). Vol. 30. Springer-
Verlag, Berlin Heidelberg. p. 335-352.

EBENER, W; FOWLER, T J; SUZUKI, H; SHAVER, |
and TIERNEY, M L (1993). Expression of DcPRP1 is
linked to carrot storage root formation and is induced
by wounding and auxin treatment. Plant Physiol., 101:
259-265.

GILROY, S and TREWAVAS, A J (1990). Signal
sensing and signal transduction across the plasma
membrane. The Plant Plasma Membrane (Larsson, C
and Moller, IM eds.). Springer-Verlag, Berlin. p. 204-
232.

HALL, T A (1999). BioEdit: a user-friendly biological
sequence alignment editor and analysis program for
Windows 95/98/NT. Nucl. Acids. Symp. Ser., 41: 95-
98.

HANKS, SK and HUNTER, T (1995). Protein kinases
6. The eukaryotic protein kinase superfamily: kinase
(catalytic) domain structure and classification.
FASEB ]., 9:576-596.

HARDON, JJ; CORLEY, RH V and LEE, C H (1987).
Breeding and selecting the oil palm. Improving
Vegetatively Propagated Crops (Abbott, AJ and Atkin,
R K eds.). Acad. Press, London. p. 64-81.

HO, CL; KWAN, YY; CHOIL M G, TEE, SS; NG, W
H; LEE, K A; LEE, Y P; OO], SE; LEE, WW; TEE, ]
M; TAN, S H; HARIKRISHNA, K; SHAHRUL



JOURNAL OF OIL PALM RESEARCH SPECIAL ISSUE ON MALAYSIA-MIT BIOTECHNOLOGY PARTNERSHIP PROGRAMME:

VOLUME 1-OIL PALM TISSUE CULTURE (APRIL 2008)

RABIAH, S S A and ONG-ABDULLAH, M (2007).
Analysis and functional annotation of expressed
sequence tags (ESTs) from multiple tissues of oil
palm (Elaeis guineensis Jacq.). BMC Genomics, 8: 381.

HODGE, R; PAUL, W; DRAPER, J and SCOTT, R
(1992). Cold plaque screening: a simple technique
for the isolation of low abundance, differentially

expressed transcripts from conventional cDNA
libraries. Plant, |., 2: 257-260.

JONES, L H (1974). Propagation of clonal oil palms
by tissue culture. Oil Palm Newsl., 17: 1-8.

KURIOKA, K; NAKAGAWA, K; DENDA, K;
MIYAZAWA, K and KITAMURA, N (1998).
Molecular cloning and characterization of a novel
protein serine/ threonine kinase highly expressed in
mouse embryo. Biochim. Biophys. Acta., 1443: 275-284.

LIGOS, ] M; DE LERA, T L; HINDERLICH, S;
GUINEA, B; SANCHEZ, L; ROCA, R; VALENCIA,
A and BERNAD, A (2002). Functional interaction
between the Ser/Thr kinase PKL12 and
N-acetylglucosamine kinase, a prominent enzyme
implicated in the salvage pathway for GlcNAc
recycling. J. Biol. Chem., 277: 6333-6343.

LIGOS, ] M; GERWIN, N; FERNANDEZ, P;
GUTIERREZ-RAMOS, J C and BERNAD, A (1998).
Cloning, expression analysis and functional
characterization of PKL12, a member of a new
subfamily of ser/thr kinases. Biochem. Biophys. Res.
Commun., 249:380-384.

MONTAG, K; SALAMINI, F and THOMPSON, R
D (1995). ZEMa, a member of a novel group of
MADS box genes, is alternatively spliced in maize
endosperm. Nucl. Acids Res., 23: 2168-2177.

OHTA, S; TAKEUCHI, M; DEGUCHI, M; TSUJI, T;
GAHARA, Y and NAGATA, K (2000). A novel
transcriptional factor with Ser/Thr kinase activity
involved in the transforming growth factor (TGF)-
beta signaling pathway. Biochem. ]., 350: 395-404.

ONG, L M (2001). An examination of embryogenic
and non-embryogenic cultures of oil palm (Elaeis
quineensis Jacq.). Ph.D. thesis. Universiti Putra
Malaysia, Kuala Lumpur.

PARANJOTHY, K (1989). Research strategies and
advances in oil palm cell and tissue culture. Elaeis,
1:119-125.

22

RAJANAIDU, N; ROHANI, O and JALANI, B S
(1997). Oil palm clones: current status and prospects
for commercial production. The Planter, 73: 163-184.

SAMBROOK, J; FRITSCH, E F and MANIATIS, T
(1989). Molecular Cloning: A Laboratory Manual. 2™
ed. Cold Spring Harbor Laboratory, Cold Spring
Harbor, New York.

SCHULTZ, D J; CRAIG, R; COX-FOSTER, D L;
MUMMA, R O and MEDFORD, ] I (1994). RNA
isolation from recalcitrant plant tissue. Plant Mol.
Biol. Rep., 12: 310-316.

SCHWENDIMAN, ]J; PANNETIER, C and
MICHAUX-FERRIERE, N (1988). Histology of
somatic embryogenesis from leaf explants of the oil
palm Elaeis guineensis. Annals of Bot., 62: 43-52.

SOH, A C (1986). Expected yield increase with
selected oil palm clones from current DxP’ seedling
materials and its implications on clonal propagation,
breeding and selection. Oleagineux, 41: 51-56.

STAIRS, D B; GARDNER, HP; HA, SI; COPELAND,
N G; GILBERT, D J; JENKINS, N A and CHODOSH,
L A (1998). Cloning and characterization of Krct, a
member of a novel subfamily of serine/threonine
kinases. Human Mol. Genet., 7: 2157-2166.

SUZUKI, H; WAGNER, T and TIERNEY, M L (1993).
Differential expression of two soybean (Glycine max
L.) proline-rich protein genes after wounding. Plant
Physiol., 101: 1283-1287.

VERA, P; LAMB, C and DOERNER, P W (1994). Cell
cycle regulation of hydroxyproline-rich glycoprotein
HRGP nt3 gene expression during the initiation of
lateral root meristems. Plant |., 6: 717-727.

WONG, G; CHONG, S P; TAN, C C and SOH, A C
(1999). Liquid suspension culture - a potential
technique for mass production of oil palm clones.
Proc. of the 1999 PORIM International Palm Oil
Congress. PORIM, Bangi. p. 3-11.

WOOI, K C (1995). Oil palm tissue culture - current
practice and constraints. Proc. of the 1993 ISOPB
International Symposium on Recent Development in Oil
Palm Tissue Culture and Biotechnology (Rao, V; Henson,
I E and Rajanaidu, N eds.). International Society for
Oil Palm Breeders, Kuala Lumpur. p. 21-32.



