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Abstract: The Palmitoyl-acyl carrier protein thioesterase (PATE) gene is one of the key genes involved in
plastidial fatty acid biosynthesis and known to regulate the accumulation of the C . In American oil palm16:0

(Elaeis oleifera) fruit mesocarp, C  content can be minimized by post-transcriptional PATE gene silencing.16:0

In this study, 12 weeks old immature zygotic embryos (IZEs) of E. oleifera were transformed with a construct
carrying 619 bp long antisense PATE (antiPATE) gene driven by oil palm mesocarp-tissue-specific promoter.
The particle bombardment-mediated method of plant transformation was used. Selection of the transformed IZEs
was carried out using hygromycin (HYG) as a selection marker. Plantlets were regenerated from the HYG
resistant IZEs. A total of 56 HYG resistant plantlets were regenerated successfully. Five out of 56 were identified
as putative transformants by using polymerase chain reaction (PCR) analysis and the nucleotide sequencing
of the PCR products. Southern hybridization of genomic DNA of 5 putative transformants further confirmed
presence of T-DNA. We hypothesize that the post-transcriptional PATE gene silencing in E. oleifera fruit
mesocarp tissue may increase the level of palmitoleic (C ), stearic (C ) and oleic (C ) acids up to some16:1 18:0 18:1

extent at the expense of C . The successful integration of antiPATE is reported in this paper.16:0
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(C )  Particle bombardment16:0

INTRODUCTION commercial basis cultivation [2, 3]. However, American oil
palm is a species of economical interest; and it is an

Fatty acids and their derivatives belong to lipids, a important source of different traits that can be exploited in
unique group of naturally occurring compounds. Fatty traditional plant breeding [4].
acids are major components of the plant lipids, including Palm oil obtained from E. oleifera contains 28 %
the commercially important vegetable oils. The palmitic saturated fatty acids. The C  is predominantly
acid (C ) is the most abundant saturated fatty acid in accumulated (25 %) in the E. oleifera fruit mesocarp16:0

nature. The dietary fats are very important to facilitate the among the saturated fatty acids, although plants are
absorption of fat-soluble vitamins. Oil palm is one of the known to synthesize at least 200 different types of fatty
world’s most significant sources of edible and industrial acids [5-7]. The Palmitoyl-acyl carrier protein thioesterase
fats and oils [1]. There are two oil palm species namely, (PATE) is one of the key enzymes involved in the fatty
African oil palm (Elaeis guineensis Jacq.) and American acid biosynthesis pathway [8]. The high level of C  in
oil palm (E. oleifera). Because of high oil yield, African oil palm oil is in part because of C -ACP substrate specific
palm (E. guineensis Jacq. Tenera) is highly favored for the activity of PATE enzyme [9].

16:0

16:0
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The level of C  can be minimized by suppressing Target Tissue: Twelve-week-old (weeks after pollination),16:0

the expression of PATE gene in E. oleifera mesocarp (and IZEs of American oil palm were used as target tissue in
E. guineensis Jacq. Tenera mesocarp) for palm oil quality the particle bombardment mediated genetic
improvement; and research groups working on oil palm do transformation.  The  IZEs  were  isolated   aseptically
have strong aspiration for it. The C  content in palm oil from 12-week-old fresh fruits collected from field grown16:0

can be minimized by post-transcriptional regulation of the E. oleifera plant (Palm No 16). Fruits were kindly made
PATE gene. This can be achieved by using different available by the Plant Breeding Department of United
types of transformation constructs, such as antisense, Plantation Berhad, Perak, Malaysia.
intron-spliced inverted repeat (ISIRs) and/or direct
inverted repeats (IRs) of the PATE gene. The cDNA of Plasmid  Vectors  and Bacterial Strains: The
PATE gene has been successfully isolated (GenBank Acc. Escherichia coli strain DH5-  was used to harbor the
No AF507115) previously in our laboratory. Oil palm fruit binary plasmid, pPSP’AP-VF6. This transformation
mesocarp-tissue-specific gene promoter is also isolated plasmid vector was constructed previously in our
previously in our laboratory [10, 11]. For post- laboratory by using binary cloning vector pCAMBIA
transcriptional silencing of PATE gene, we have 1301 (pPSP’AP-VF6 was kindly provided by Dr. Cha T. S.).
transformed American oil palm immature zygotic embryos The hygromycin (HYG) gene driven by the CaMV 35S
(IZEs) with previously constructed transformation vector promoter was used as the selection  marker  gene.  The
with an antisense Palmitoyl-acyl carrier protein antiPATE gene fragment (619 bp long from 5’ region of
thioesterase (antiPATE) driven by oil palm mesocarp the PATE gene; Accession No AF507115) was driven by
tissue-specific promoter (MSP). In this paper, the the MSP [10, 11]. Bacteria were cultivated overnight at
successful integration of antiPATE driven by MSP in 37°C in LB medium supplemented with 50 µg/ml
American oil palm plantlets is reported. Kanamycin and harvested by centrifugation at 3000 RPM

MATERIALS AND METHODS plasmid DNA (pDNA) extraction kit.

Materials: Bacto-Trypton, Yeast Extract and Bacto-Agar Determination of Hygromycin Concentration in Selection
were purchased from Difco Laboratories (Etroit Michigan, Medium: To determine the optimum selection
USA). Sodium chloride, ethanol, chloroform, iso-amyl concentration  of  HYG, an experiment was carried out.
alcohol and EDTA were from BDH Laboratory, England. The IZEs cultured on HYG free medium were treated as
The NucleoSpin® Extraction Kit-Ready-to-use system for control. On the medium supplemented with HYG at
fast purification of nucleic acids was obtained from BD different concentrations (2-16 mg/l), IZEs were cultured to
Biosciences (Clontech, USA). T-4 DNA Ligase, T-4 DNA find out suitable concentration of HYG for the selection of
polymerase, 100bp DNA ladder,  DNA HindIII DNA transformed IZEs with pPSP’AP-VF6. After 42 days of
marker, the deoxy-nucleotide mix (dNTPs) and Wizard® incubation, IZEs on medium containing 12-16 mg/l HYG
Plus SV  Minipreps  DNA  purification  system  (kits) were turned completely brown, but few were surviving on
were  purchased from Promega Corporation, USA. The the medium containing 8-10 mg/l HYG. Therefore,
Taq DNA polymerase was supplied by Biotools selection of bombarded IZEs was performed on MS
Company. The radioisotope -( P-dCTP) was obtained medium containing 8 and 12 mg/l HYG.32

from Amersham Life Sciences (Amersham Int.Plc, UK).
Amersham Biosciences supplied Megaprime  DNA Transformation,   Selection    and    Regeneration:  TheTM

labelling  System. Restriction enzymes used were E. oleifera IZEs which were isolated aseptically from fresh
procured prom New England BioLabs® Inc. The X-ray fruits were arranged at the center in Petri plates containing
films,  developing  and fixing solutions were procured semi solid modified MS medium. Biolistic-mediated
from  Fujifilm  (Fuji  Medical  X-Ray  Film, Fuji  Photo transformation of IZEs with pPSP’AP-VF6 was completed
Film  Co,  Ltd,  Tokyo).  Primers  used were purchased by using the combination of all optimized physical
from Invitrogen™ life technologies; and all other parameters reported by Parveez et al., (1997) with minor
chemicals except those are mentioned above were modifications [12]. After 7 days of bombardment, IZEs
procured from the Sigma-Aldrich Corporation (St. Louis, were shifted onto selection medium in two groups. One
MO), USA. group of  IZEs  was on MS medium, supplemented with

for 5 min. Plasmid, pPSP’AP-VF6 was isolated using
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8 mg l HYG; and another group of IZEs was on same IZEs became brown in color and dead. The HYG resistant1

medium but supplemented with 12 mg l  HYG. For IZEs were recovered and a total of 56 plantlets were1

regeneration of plantlets, HYG resistant IZEs were regenerated from the selected IZEs from category 4 and 5
transferred onto MS basal semi solid medium (without (Table 1). Separately, genomic DNA was isolated from
HYG), without plant growth regulators [13]. The leaf-tissues of each of the regenerated HYG resistant
germinating IZEs were allowed to generate shoots and plantlets and plantlets from control category (figure is not
roots in the absence of plant growth regulators. shown).

DNA Extraction and Molecular Analysis: Genomic DNA 32 regenerated plantlets in category P4 had the integrated
was extracted from leaves-tissue of individual plantlets expression cassette of antiPATE gene from transformation
generated from IZEs resistant to HYG and non- vector, pPSP’AP-VF6 (Figure 2 and Figure 3A). However,
transformed control plantlets using the SDS method only 1 out of 24 regenerated plantlets from category P5
described by Sambrook et al. [14]. The PCR was carried showed positive result in PCR analysis of the plantlets
out by using 1 µg gDNA (as template), 5 µl of 10X PCR (Figure 3B).
buffer, 1 µl 10 mM dNTP, 1 µl 50 mM MgCl , 1 µl of The PCR analysis was repeated for the 5 plantlets to2

forward primer (10 µM), 1 µl of reverse primer (10 µM), confirm the +ve PCR results that detected the presence of
sterile distilled water was added to make the volume integrated antiPATE gene expression cassette. The 5
reaction 49 µl; and finally 1 U (1 U/µl) Taq polymerase was plantlets (4 from P4 and 1 from P5 group) showed +ve PCR
added to make PCR volume 50 µl. The PCR was performed results in the repeated PCR analysis. Nucleotide sequence
using  one  cycle  of hot start at 94°C for 5 min followed analyses of the PCR amplified products showed 100 %
by the 40 cycles of 1 min at 94°C, 1 min at 63°C, 1 min and homology (identity) with the original sequence of the
30 sec at 72°C; the final extension reaction was carried out MSP driven antiPATE gene fragment’s expression
at  72°C  for  5 min.  The  pair  of  primer [forward primer cassette present in the transformation vector, pPSP’AP-
(5’-TACAGGAATTCCCAACATGTCCAGAGGC-3’) and VF6.
reverse primer (5’-CTCGGTAACCATCTTTGGTCTT The [ P]-labeled probe was used to hybridize with
TCATTCCC-3’)] used in PCR analysis of the HYG the EcoRI digested DNA of five PCR-positive tested
resistant  plantlets  was also used in nucleotide plantlets and a non-transformed control plantlet DNA
sequencing of the amplified PCR products.  The (Figure 4A). On autoradiogram, different banding patterns
nucleotide  sequence  was analyzed using blastn program were observed for the putatively E. oleifera transgenic
[15]. For the southern hybridization, DNA samples (~15 plantlets. The autoradiogram of the hybridized nylon
µg each) were digested with EcoRI, separated on 1 % membrane is shown in Figure 4B.
agarose gel and transferred onto Hybond-N  blotting The  positive  results  (for plantlets from group P4+

membrane under alkaline conditions. The PATE gene and P5 group) by PCR analysis show that the antiPATE
probe was prepared by using 629 bp long fragments of gene  fragment expression cassette was present along
PATE (GenBank Accession No AF507115) by labeling it with its MSP in 5 plantlets. The negative results in the
with [ P]. After 18 hours hybridization at 42°C, remaining 51 plantlets (from group P4 and P5) could be32

autoradiography was completed as described by due  to  temporal expression of the HYG gene, which
Sambrook et al. [14]. could have helped IZEs to survive under selection

RESULTS AND DISCUSSION antiPATE gene expression cassette was not stably
integrated into the plantlets genome and subsequently

The IZEs isolated aseptically from the surface lost  during the process. Sequence analysis confirmed
decontaminated E. oleifera fruits were bombarded with that the PCR amplified products were of integrated
gold  particles  coated  with plasmid, pPSP’AP-VF6 expression  cassette  present  in  the   transferred  DNA
(Figure 1). Two controls were used, one where IZEs were (T-DNA). This also confirms that in PCR analysis, the
not bombarded at all and second where IZEs were amplified PCR products were precisely amplified and
bombarded with only gold particles (without pDNA confirms the presence of T-DNA (with antiPATE gene
coating). After six weeks of selective cultivation, HYG expression cassette) in putatively 5 transgenic E. oleifera
resistant IZEs were looking green; however non-resistant plantlets.

 The PCR amplification analysis revealed that 4 out of

32

pressure.  It  could  also  be  interpreted  that the
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Table 1: Categories of the plantlets regenerated from bombarded and non-bombarded Elaeis oleifera IZEs. Letter P represents the population of plantlets from

respective category

Category of plantlets Treatment Number of Regenerated plantlets*

P1 Non-transformed IZEs (Control) 36

P2 Bombarded with gold particles without pDNA (Control) 17

P3 Transformed IZEs with pPSP’-AP-VF6, non-selected IZEs 50

P4 Transformed IZEs with pPSP’-AP-VF6 & selected on 8 mgl  HYG 321

P5 Transformed IZEs with pPSP’-AP-VF6 & selected on 12 mgl  HYG 241

*Total number of Elaeis oleifera plantlets regenerated from IZEs of respective category. Plantlets from P1 (control), P4 and P5 were analyzed by PCR for the

antisense transgene

Fig. 1: Isolation and preparation of IZEs for their transformation. A) Elaeis oleifera fresh fruit bunch, which was
harvested  twelve  weeks  after  pollination.  B)  Fresh  fruits  of  E.  oleifera  separated  from fruit bunch. C)
Elaeis oleifera fruits after removal of the persistent calyx and corolla. D) Inside view of E. oleifera fruit showing
the mesocarp and kernel tissues; fruits were cut horizontally (at center) to remove IZEs from the kernel
(endosperm).  E)  Magnified view of a single IZE, which was removed aseptically from endosperm of a fruit. F)
The IZEs on semisolid MS medium. G) The IZEs arranged at the center of a Petri plate for the bombardment with
the construct. H) Magnified view of the arranged IZEs

Fig. 2: Schematic diagram of transformation vector (pPSP’AP-VF6) used in the study. It carries the expression cassette
with oil palm mesocarp-tissue-specific promoter driven 619 bp long antiPATE gene fragment. This expression
cassette  is in pCAMBIA 1301 as EcoRI-BstEII fragment. CaMV 35S, Cauliflower mosaic virus 35S promoter;
MSP, Oil palm mesocarp-tissue-specific promoter; LB, left (T-DNA) border; RB, right (T-DNA) border
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Fig. 3: PCR analysis of the HYG resistant Elaeis oleifera plantlets. A) Agarose gel electrophoresis showing the PCR
analysis of the HYG resistant E. oleifera plantlets from P4 group of plantlets. Lane 1,  DNA HindIII markers;
Lane 2, positive control (plasmid, pPSP’AP-VF6 was used as template in PCR); Lanes 3-34, showing outcome
of the PCR analysis of the 8 ppm HYG resistant 32 plantlets. Four plantlets (lanes 11, 18, 26 and 30) were tested
+ ve by PCR. Arrows indicate the PCR amplified transgene along with its promoter. B) Agarose gel
electrophoresis  showing  PCR  analysis of the HYG resistant E. oleifera plantlets from P5 group of plantlets.
Lane 1,  DNA HindIII markers; Lane 2, positive control; Lanes 3-26, showing outcome of the PCR analysis of
the 12 ppm HYG resistant plantlets. Only one plantlet (lane 21) was tested +ve by PCR. The size of the PCR
product is about 1940 bp

A B
Fig. 4: Molecular analysis of the HYG resistant Elaeis oleifera plantlets. A) Agarose gel electrophoresis picture showing

the EcoRI digested genomic DNA of the HYG resistant E. oleifera plantlets which were tested positive in PCR
analysis. Lane 1, non-transformed control, lanes 2-6, DNA (from putatively transgenic plantlets) digested with
EcoRI. B) Autoradiogram of southern hybridization. The patterns of the signals depicts the random integration
of the antiPATE gene fragments expression cassette in plant genomic DNA. Lane 1, represents non-transformed
control; lanes 2-6, represent putatively transgenic plantlets
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The Southern hybridization result confirms the long generation time of the oil palm. Therefore,
integration of the antiPATE gene expression cassette in development of the transgenic oil palm (for planting)
the genome of 5 putatively E. oleifera transgenic which will produce palm oil with low saturated fatty acids
plantlets. Based on the signals recorded on is going to take a number of years.
autoradiogram, it appears that 1-3 copies of the T-DNA
that carries antiPATE gene expression cassette were CONCLUSION
present in the 5 plantlets. Our previous research findings
suggest  that  use  of  plant  growth regulators (PGRs) Based on PCR, nucleotide sequence and southern
(and prolonged in vitro time) leads to the induction of hybridization results analysis, we conclude that 5 out of
phenotypic abnormalities in more than 30% plantlets 56 HYG resistant plantlets were showing successful
regenerated [16]. Therefore, in our experiment we integration of the antiPATE gene fragments expression
purposely avoided the use of PGRs and did not find any cassette in their genome. We hypothesize that the
visible phenotypic abnormalities in the plantlets expression of MSP driven antiPATE will silence PATE
regenerated directly from IZEs. This could be attributed to gene expression in mesocarp tissue-specific manner in E.
the target tissue used in the genetic transformation of the oleifera.
E. oleifera.

In this study, we have used IZEs as target tissue for Disclosure: All experimental work was carried out at
the genetic transformation of E.oleifera. However, other National University of Malaysia, Malaysia and; the
type of traget tissues such as non-embryogenic callus, research findings reported in this paper were presented in
embryogenic callus, undifferenciated cells from the 16  International Symposium on Plant Lipids. Authors
suspension culture can be used in genetic transformation attest that there are no conflicts of interest to declare.
of oil palm [16, 17]; but IZEs are prefered as target tissue
in  genetic  engineering  of  oil  palm. Oil palm IZEs are ACKNOWLEDGEMENTS
also treated as a useful tool in oil palm genetic
transformation [12, 18]. An ‘antisense’ strategy is used in The authors are thankful to the Ministry of Science,
various plants either to investigate and understand the Technology and Innovation (MOSTI) of Malaysia for
unknown plant metabolism [19-30] or to manipulate research funding (Grant No IRPA: 09-02-02-0161), to the
genetically the known biosynthesis pathway by United Plantation Berhad (Perak, Malaysia) for making
suppressing (silencing) the biological function of the available fresh fruit bunches of E. oleifera for this study,
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