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0 il palm (Elaeis  guineensis Jacq.)

embryogenic calli  were transformed

withplasmids containing various com-

binations of genes encoding P-glucuronidase,

phosphinotr ic in acetyltransferase a n d

hygromycin phosphotransferase,  using an elec-

tric discharge particle bombardment deuice.

Experiments to optimize the accelerating force

for DNA delivery into embryogenic tissue of oil

palm were carried out. Selection and culture

conditions to allow recovery of transgenic tissue

are reported. Stable integration of transgenes

was confirmed by molecular analysis. Due to the

long time required for regeneration of transgenic

plants from oil palm embryogenic callus, this

report is significant as it describes, for the first

time, conditions leading to the recovery  of

transgenic embryogenic callus cultures carrying

and expressing transformed marker genes.

INTRODUCTION

0 il palm, a monocot,  is an important
economic crop for Malaysia, the major

producer of palm oil in the world. Modification
of oil quality and increasing yield via genetic
engineering are important targets for research.
Development of an efficient gene transfer sys-
tem for oil palm remains one of the major
bottlenecks in oil palm genetic engineering
(Parveez et al., 1994). In this report, we
describe the successful recovery of genetically-
engineered embryogenic oil palm callus tissues
by particle bombardment. This is the first step
in the development of transgenic oil palm
expressing important genes controlling agro-
nomic and industrial characteristics.

Particle bombardment is the preferred
method for the genetic engineering of monocots
(Christou, 1995; 1996). Transgenic monocots,
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including maize (Fromm et al., 1990; Gordan-
Kamm et al., 1990),  rice (Christou et al., 19911,
wheat (Vasil  et al., 19921,  oat (Somers et al.,
1992),  sugar cane (Bower and Birch, 1992) and
banana (Sagi  et al., 19951, have been obtained
successfully via particle bombardment.
Agrobacterium-mediated transformation is also
being used ,in increasing frequency (Hiei  et al.,
1994; Ishida et al., 1996). Optimization of DNA
delivery parameters and determining effective
selection procedures are key initial steps in
making oil palm amenable to genetic manipu-
lation.

In this report, we describe experiments
addressing these two important steps. Due to
the long time required for the recovery of plants
from dedifferentiated oil palm tissues, this
report is significant as it demonstrates, for the
first time, that DNA bombardment can trans-
form embryogenic callus.

MATERIALS AND METHODS

Induction of Callus

Samples of leaflets from unopened f-6)  frond
were aseptically transferred to sterile petri
dishes containing solid callus initiation
medium [MS salts (Murashige and Skoog,
1962)+Y3  v i t a m i n s  (Eeuwans,  1976)+O.lg/l
myo-Inositol and L-glutamine + 3% sucrose +
llmg/l  2,4-D+2.5 g/l activated charcoal + 7
g/l agar (Sigma Type II)  adjusted to pH 5.7
with KOH] and cultured at 28°C in the
dark. The petri dishes were sealed with
Whatman parafilm.  The callus tissue was
subcultured every four weeks on the same
medium until embryogenic callus could be
selected.

Maintenance of Embryogenic Callus

Embryogenic callus was cultured on agar-
solidified medium containing MS macro and
micronutrients supplemented with 2.2mg/l
2,4-D and 3Ogm/l  sucrose (adjusted to pH 5.7
with KOH). Embryogenic callus was main-
tained at 28°C  in the dark, and subcultured
every 30 days onto fresh medium.

Bombardment Using Electric Discharge
Device

Three plasmids, pAHC25  (Christensen
et al., 1992) CarryinggusA~and  bar genes driven
by the maize ubiquitin promoter, pGH24  (Bates,
Pers.  &mm.)  carrying gusA  and Apt genes
driven by CaMV 35s  promoter and a third
plasmid carrying gusA,  hpt  and bar genes, all
driven by the CaMV 355 promoter, were used.
Plasmid  DNAs  used in the experiments were
isolated and purified using the Qiagen Maxi
Prep Kit. DNA-gold coating and bombardment
were carried out as described previously
(McCabe and Christou, 1993). Transformation
was carried out at accelerating voltages of 12,
16 and 22kV,  using an electric discharge
apparatus (Christou et al., 19911. The optimal
timing of DNA delivery into embryogenic callus
was determined by bombarding using the
pAHC25 plasmid at one or five days after
subculture.

DNA delivery conditions were optimized by
transient GUS expression. Each blue spot
arising from the histochemical localization of
GUS activity, whether in a single cell or a group
of cells was considered as one expression unit
as defined by Klein et al. (1988). Optimization
was not based on the number of blue spots
alone, but also on shot-to-shot variability and
the physical impact on embryogenic callus.
There are three main advantages of transient
expression. i)  The highest expression will result
in a higher chance of getting stable transfor-
mation as there are lower numbers of stable
transformants over transients. ii) Low variabil-
ity will result in a consistent performance of
bombardment. iii) Finally, it is expected that
bombardment which resulted in massive tissue
dislocation may result in high injury to the
cells, which lowers the chances of regenerating
stable transgenic plants.

Selection of Transformed Embryogenic
Callus

The minimal inhibitory concentrations of
selection agents for oil palm were determined
previously (Parveez  et al., 1996). Embryogenic
callus was exposed to a medium containing
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either Basta or hygromycin at concentra-
tions of 40mg/l  or 80mg/l,  at one or three weeks
after bombardment. Tissues were subcultured
to fresh medium under selection at monthly
intervals.

Preparation of Total DNA from  E m -
bryogenic  Callus\

Resistant embryogenic callus was selected
randomly after a minimum of five  subcultures.
The total DNA was isolated according to the
method of Ellis (1993). Embryogenic callus
clumps (lo-50mg)  were placed in a 1.5ml
microfuge tube and immersed in liquid nitro-
gen. Frozen embryogenic callus was ground to
a fine  powder in the presence of 400~1  EB2
buffer (500mM N&l,  1OOmM  Tris-Cl {pH  S.O}
and 50mM EDTA {pH  8.0)) and 20~120% SDS.
Four hundred ~1  of phenol mix (1:l.  phenol:
chlorofoml were then added, and the mixture
thoroughly mixed and centrifuged (12 000 rpm,
2 min, RT). The aqueous phase was transferred
to a new tube and mixed with 800~1  absolute
ethanol. DNA was recovered by centrifugation
(12000rpm, 5min,  RT). The pellet was washed
with 70% ethanol and dissolved in 50~1  TE (10
mM  Tris-Cl and 1mM  EDTA, pH 8.0).

Polymerase Chain Reaction (PCR)

Amplification of the gusA, bar and hpt
genes was carried out using standard and
touch-down PCR protocols (Sambrook et al.,
19891. The following primers were used to
amplify the transgenes and part of the regu-
latory sequences. 35Fl  5’ TACAGTCTCAG-
AAGACCAAA3’ and GUSRl  5’GGGGAGG
CTACAGATGCTTTGC3’ will amplify the gusA
gene and 35s promoter resulting in a band size
of 2321bp. 35Fl  and HMRRl5’GATCTCCAAT-
CTGCGG GATC3’ will amplify the hmr gene
and 35s promoter resulting in a band size of
1684bp. BARFl  5’GGTCTGCACCATCGTCA-
ACC3’  a n d  HMRZ  S’ACTCCACGCGACGTC-
TGTCG3’  will amplify the bar gene, 35s pro-
moter and part of the hmr gene resulting in
a band size of 1550bp.

Fifty ng of oil palm DNA and one ng of
transforming plasmid  DNA were used in PCR

reactions. In the standard procedure, the fol-
lowing condition was used: 30 cycles at 92°C
(50 set), 60°C (50 secl and 72°C (60 set).  For
the touch down procedure, 10 cycles 92°C (45
set), 70°C (45 set; -0.5”C  per cycle), 72°C (60
secl and 20 cycles 92°C (45 set), 65°C (45 set)
and 72°C (60 set) were used. Amplified DNA
fragments were checked by electrophoresis on
1.4% agarose gels in 0.5X TBE (45mM  Tris-
Borate; 1mM  EDTA, pH 8.0) buffer.

Southern Blot Hybridization

DNA from transformed and untransformed
embryogenic callus were digested with Sac1
restriction enzymes at 37°C for 16 hours.
Digested and undigested DNA were separated
on 0.8% agarose gel in 1 X TBE buffer and was
later capillary-transferred onto nylon mem-
branes (Southern, 1975). Agarose gel contain-
ing digested (5~)  and undigested (3ng)  DNA
was soaked in depurinating buffer (0.2M  HCl)
for 10 minutes, denaturing buffer (1.5M  NaCl
and 0.5M  NaOH) for 45 minutes and trans-
ferred into neutralization buffer (1M  Tris; pH
8.0 and 1.5M  NaCll  for one hour. The gel was
subsequently transferred onto 3MM paper
with the end of paper soaked into 20 X SSC
(175.3gm  NaCl  and 88.28 sodium citrateflitre,
pH adjusted to 7.0 with 10M  NaOHl.  Nylon
membranes (Amersham) were blotted over-
night. After transfer, membranes were washed
with 2 X SSC and baked at 80°C for 2-4 hours.

Oligolabelling of DNA fragments (prepared
by PCR) for use as probes was carried out using
the method of Feinberg and Vogelstein (1983).
DNA (6nl;-long)  was added to 20~1  5 X OLB
[0.25M  Tris-HCl;  pH 8.0; 25mM MgCl,,  0.36%
(v/v)  2-mercaptoethanol, 1M HEPES; pH 6.6;
30% hexadeoxyribonucleotides (90 O.D. units/
ml)], boiled for five  minutes and chilled on ice.
Two ~1  O.lM dNTPs (except dCTP1,  5~1 ora2P
(dCTP; 3 7 0  KBq/&  2~1  lOmg/ml  B S A ,  1~1
Klenow  (6U/nl)  and 14~1  distilled water were
then added. The labelling reaction was carried
out by incubating at 37°C for 30 minutes. The
probe was denatured by the addition of 50~1
1M NaOH for one minute, 50~1  1M HCl  for one
minute and 50~1  Tris-HCl (pH 7.5) for one
minute. The denatured probe was stored on ice.
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Pre-hybridization and hybridization were
carried out in the same buffer. Membranes
were pre-hybridized 140%  PipesNaCl,  pH 6.8;
1.5% Pipes, 8.7% NaCl  and 0.37% EDTA; pH
8.0; 20% Denhardt’s 50X (1% BSA, 1% Ficoll,
1% PVP and 10% SDS); 0.5% SS-DNA 10mgl
ml and 39.5% distilled water] for 90 minutes
at 65°C. The denatured probe was added and
hybridized for 20 hours at 65°C. After hybridi-
zation, the membranes were washed once with
2 X SSC for one minute and then twice with
0.1 X SSC  and 0.1% SDS, the first washing
for 30 minutes and the second for 45 minutes
(65°C). The washed membranes were wrapped
with Saran Wrap and exposed to X-ray film
with an intensifying screen at -70°C for two
days.

RESULTS AND DISCUSSION

Transformation

Optimization of DNA delivery conditions
was carried out by bombarding established oil
palm embryogenic callus at different voltages
and at different times. Two days after the
bombardment, transient expression of the
marker gene gusA  was determined. We
observed that the technique was capable of
delivering biologically-active DNA into oil palm
embryogenic callus. Significantly higher tran-
sient gusA  gene expression was obtained when
the embryogenic callus was bombarded one day
after subculture (Table I). The optimum volt-
age for efficient delivery of plasmid  DNA into
embryogenic callus was determined by bom-

barding at 12, 16 (once or twice) and 22kV. We
observed that increasing the accelerating volt-
age resulted in significantly higher transient
gusA  gene expression. Bombardment at the
highest voltage (22kV)  resulted in significant
tissue damage. We were not able at this stage,
to evaluate the impact of higher voltage on
stable transformation. Therefore, in all subse-
quent experiments, embryogenic callus was
bombarded at the three voltages, one day after
subculture.

Selection of Transformed Embryogenic
Callus

Selection of transformed embryogenic callus
was carried out using either Basta or hygromycin
at concentrations of 40mg/l  or BOmg/l.  Bom-
barded tissues were first cultured on medium
in the absence of selection agent for one or
three weeks. Upon transfer to fresh medium
containing selection agent, untransformed
embryogenic callus began to die, allowing only
resistant embryogenic callus to proliferate. As
expected, no callus was recovered from control
plates bombarded only with gold particles after
selection on Basta or hygromycin. Resistant
callus appeared after two to three months
culturing on Basta and three to four months
on hygromycin-containing medium. Both selec-
tion agents were found to be suitable. However,
Basta was more convenient because it resulted
in a phenotype easier to score. This result,
however, contradicts observations in other
systems [e.g. rice] (Christou et al., 1991) in
which hygromycin selection was more effective.

TABLE 1. EFFECT OF ACCELERATING VOLTAGE AND TIMING OF BOMBARDMENT ON
TRANSIENT gwl  GENE EXPRESSION IN OIL PALM EMBRYOGENIC  CALLUS

Voltage (kV) 1 Day’ 5 Day

22 140.7 (f21.70)“# 43.3 (f9.03)‘d

16 86.3 (f26.74P 32.7 t?ll.OS)”
16’ 77.3 (H0.62P’ 35.7 (k9.74)d

12 47.3 (k19.91)‘d 13.3 (+4.64)d

*Mean number of transient gusA expression units two days after bombardment. Results were
obtained from three independent bombardments. Values in parentheses indicate standard error.
*Bombardment was carried out one day after subculture to fresh medium. “Bombardment was
done twice. Values followed by different letters are significantly different at EO.05 by t-test
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The mean number of resistant embryogenic
callus clumps obtained after five subcultures,
in replicated experiments (three replicates), are
summarized in Table 2. In this experiment,
three replications were performed to obtain a
reliable and statistically acceptable compari-
son. Analysis of variance (ANOVA) revealed no
significant difference in the number of resistant
embryog’enic  callus obtained after each treat-
ment. This suggested that any combination of
selection procedures and accelerating voltages
would result in the same efficiency of resistant
embryogenic callus produced. Stable transfor-
mation data show that increased transient
gusA gene expression resulting from bombard-
ment of higher voltages did not significantly
increase stable transformation efficiency. Koprek
et al. (1996) reported a similar observation in
barley. Selection at three weeks after bombard-
ment was preferred as it allows transformed
cells to divide several times. The amplification
process will result in a critical mass of trans-
formed cells which is important for maintaining
the survival of cells under selection pressure
(Ozias-Akins et al., 1993). Bombardment at a
moderate voltage (16kV)  was preferred as it
resulted in less tissue dislocation after bom-
bardment. Selection using a lower concentra-
tion of Basta or hygromycin was preferred as

there is some evidence in other systems sug-
gesting that the regeneration capacity of stably
transformed embryogenic callus increases un-
der this condition. Selection at a lower concen-
tration of hygromycin (50mg/l  compared to 100
mgil)  in rice resulted in higher numbers of
transformed callus and transgenic plants
(Christou and Ford, 1995). Similar result has
also been reported for wheat using Basta (Vasil
et az.,  1992).

Polymerase Chain Reaction (PCR)

Recovering resistant embryogenic callus sur-
viving on selection is not adequate proof of
stable integration of transgenes into the plant
genome. Molecular analysis is required to
confirm stable integration of transgenes. A
number of resistant embryogenic callus clumps
obtained after five subcultures were selected
randomly from each treatment and subjected
to a preliminary PCR analysis. Initially, to
obtain reliable PCR results, amplification of an
internal control was used. The internal control
was a pair of primers which always specifically
amplified a 1Kb  size band in oil palm (Cheah,
pers. comm.). All the samples (including
untransformed control) were subjected to
amplification of the internal control, which

TABLE 2. EFFECT OF SELECTIVE AGENTS CONCENTRATION, ACCELERATION
VOLTAGE AND TIME FOR SELECTION EXPOSURE ON THE RECOVERY OF

RESISTANT EMBRYOGENIC CALLUS CLUMPS

Treatment Basta Basta Hygromycin Hygromycin
40mgA 80mgA 40mgA 80mgA

12v-lwb 6.7 (f1.25) 4.0 (f1.63) 4.3 (f1.25) 3.0 (f0.81)

12V-3W 7.3 (f1.70) 5.0 (k2.16) 6.7 (f1.24) 3.3 (f1.25)
16V-1W 5.0 (k2.10) 3.3 @0.47) 4.0 (k1.63) 3.7 (kO.47)

16V-3W 5.7 (f1.24) 4.7 (f1.20) 5.0 (f1.41) 4.7 (f1.24)

16V-lW2x’ 4.3 (k1.25) 4.0 (k1.63) 5.0 (kO.82) 4.0 @1.41)

16V-3W2X 5.3 (f1.24) 5.7 (f2.05) 7.3 (kO.94) 6.0 (k1.63)

22v-1w 5.3 (f1.70) 4.7 kO.94) 3.7 (kO.92) 5.0 (f1.41)

22V-3W 6.7 (f1.24) 5.0 (k1.41) 6.3 (f1.24) 5.0 (f2.16)

“Mean number of resistant callus obtained on selection medium after 5 subcultures. Results were
obtained from three independent bombardments (replicates). Values in parentheses indicates
standard errors. bBombardment  at 12kV  and selection was performed one week after bombard-
ment. ‘Bombardment was done twice.
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CONCLUSION

In this paper, we described the stable integra-
tion of foreign genes into the oil palm genome.
PCR analysis, Southern blot hybridization and
gene expression documented delivery, integra-
tion and expression of the transgenes. The
productibn of transgenic oil palm embryogenic
callus is!  a necessary first step towards the
production of transgenic oil palm. Experiments
to regenerate transgenic plants from these and
subsequent experiments are ongoing. Recently,
whole plantlets were regenerated from the
transgenic embryogenic callus cultures. How-
ever, due to the slow growth of the cultures and
availability of leaves samples for molecular and
protein analysis, the progress will be published
later.

ACKNOWLEDGEMENTS

Authors are thankful to the Director-General
of PORIM for permission to publish these
results. We are grateful to the following col-
leagues for providing us with constructs: Dr.
Peter Quail, Plant Gene Expression Centre,
Albany, CA, USA (pAHC25), Dr. George Bates,
Florida State University, Tallahassee, FL, USA
(pGH24). We acknowledge Mrs. Fatimah Tahir
for her technical help and Mr. Ajay Kohli  for
PCR analysis.

REFERENCES

BOWER, Rand BIRCH, R G (1992). Transgenic
sugarcane plants via microprojectile bombard-
ment. Plant J. 2:409-416.

CHRISTENSEN, A H; SHARROCK, R A and
QUAIL, P H (1992). Maize polyubiquitin genes:
structure, thermal perturbation of expression
and transcript splicing, and promoter activity
following transfer to protoplasts by electro-
poration.  Plant Mol. Biol.  18:675-689.

CHRISTOU, P and SWAIN, W F (1990).
Cotransformation frequencies of foreign genes
in soybean cell cultures. Theor.  A,&.  Genet.  79:
337-341.

CHRISTOU, P, FORD, T L and KOFRON,

M P (1991). Production of transgenic rice
(0~2~ satiua  L.)  plants from agronomically
important Indica and Japonica varieties via
electric discharge particle acceleration of exog-
enous DNA into immature zygotic embryos.
BiolTechnology  9:957-962.

CHRISTOU, P (1995). Strategies for variety-
independent genetic transformation of impor-
tant cereals, legumes and woody species uti-
lizing particle bombardment. Euphytica  85:13-
27.

CHRISTOU, P and FORD, T L (19951. The
impact of selection parameters on the pheno-
type and genotype of transgenic rice callus and
plants. Transgenic Res. 4:44-51.

CHRISTOU, P (1996). Transformation techno-
logy. Trends in Plant Science 1:423-431.

ELLIS, T H N (1993). Approaches to the genetic
mapping of pea. Modern methods of plant
analysis. Vegetables and Vegetable Prod. 16117.
160.

EEUWANS, C J (1976). Mineral requirements
for growth and callus initiation of tissue explants
excised from mature coconut palms (Cocus
nucifera)  cultured in uitro. Physiol.  Plant. 36:23-
28.

FEINBERG, A and VOGELSTEIN, B (1983).
A technique for radiolabelling DNA fragments
to high specific activities. Anal. Biochem. 132:
6-13.

FROMM, M E; MORRISH, F; ARMSTRONG,
C; WILLIAMS, R; THOMAS, J AND KLEIN,
T M (1990). Inheritance and expression of
chimeric genes in the progeny of transgenic
maize plants. BiolTechnology  8.833-839.

GORDON-KAMM, W J; SPANCER, T M;
MANGANO, M L; ADAMS, T R; DAINES, R
J; START, W G; O’BRIEN, J V, CHAMBERS,
S A; ADAMS, W R; WILLETS, N G; RICE,
T B; MACKEY, C J; KRUEGER, R w;
KAUSCH, A P and LEMAUX, P G (1990).
Transformation of maize cells and regeneration
of fertile transgenic plants. PZant Cell 2:603-
618.

37



JOURNAL OF OIL PALM RESEARCH iO(2)

HIEI, y; OHTA, S; KOMARI, T and KUMASHO,
T (1994). Effkient  transformation of rice
(Oryza  satiua L.)  mediated by Agrobacterium
tumefaciens  and sequence analysis  of
the boundaries of the T-DNA. Plant  J. 6:271-
282.

ISHIDA, Y;  SAITO, H; OHTA, S;  HIEI, y;
KOMARI, T and KUMASHIRO, T (1996). High
frequency transformation of maize (Zea  mays
L.)  mediated by Agrobacterium tumefaciens.
Nat. Biotechnology 14:745-750.

KLEIN, T M; HARPER, E C; SVAB, Z;
SANFORD, J C, FROMM, M E and MALIGA,
P (1988). Stable genetic transformation of
intact Nicotiana cells by the particle bombard-
mentprocess.  Proc. Natl. Acad.  Sc i .  USA
85:8502-8505.

KOPREK T; HANSCH, R; NERLICH, A;
MENDEL, R R and SCHULZE, J (1996).
Fertile transgenic barley of different cultivars
obtained by adjustment of bombardment con-
ditions to tissue response. Plant Science 119:
97-91.

MCCABE, D and CHRISTOU, P (1993).  Direct
DNA_ transfer using electric discharge particle
acceleration (ACCELL technology). Plant Cell
Tissue Organ Cult. 33:227-236.

MURASHIGE, T and SKOOG, F (1962).  A
revised method for rapid growth and bioassays
with tobacco tissue cultures. Physiol. Plant.
15:473-497.

OZIAS-AKINS,  P, SCHNALL, JA, ANDERSON,
W F; SINGSIT, C; CLEMENTE, T E; ADANG,
M J and WEISSINGER, A K (1993). Regenera-
tion of transgenic peanut plants from stably
transformed embryogenic callus. PZant  Science
93:185-194.

PARVEEZ, G K A, CHOWDHURY, M K U and
SALEH,  N M (1994). Current status of genetic

engineering in oil bearing crops. AsPac.  J. Mol.
Biol.  Biotechnology 2:174-192.

PARVEEZ, G K A; CHOWDHURY, M K U and
SALEH, N M (1996). Determination of mini-
mal inhibitory concentration of selection agents
for oil palm (EZaeis  guineensis Jacq.) trans-
formation. AsPac.  J. Mol. Biol.  Biotechnology
4:219-228.

POTRYKUS, I(1990).  Gene transfer to cereals:
an assessment. BiolTechnology  8:535-542.

SAGI,  B; PANIS, L; REMY, S; SCHOOFS, H;
SMET, K D; SWENNEN, R and CAMMUE, B
P A (1995). Genetic transformation of banana
and plantain (Musa  spp.) via particle bombard-
ment. BiolTechnology  13:481-485.

S A M B R O O K ,  J ;  F R I T S C H ,  E  F  a n d
MANIATIS, T (1989). Molecular Cloning: A
laboratory Manual, 2nd edn. Cold Spring
Harbor, NY. Cold Spring Harbor Laboratory
Press.

SOMERS, D A;  RINES, H W; GU, W;
KAEPPLER, H W and BUSHNELL, W R
(1992). Fertile, transgenic oat plants. Biol
Technology 10:1589-1594.

SOUTHERN, E M (1975). Detection of specific
sequences among DNA fragments separated
by gel electrophoresis. J. Mol. Biol.  g&503-517.

VASIL, V; BROWN, S M; RE, D; FROMM,
W E and VASIL, I K (1991). Stably trans-
formed callus lines from microprojectile bom-
bardment of cell suspension cultures of wheat.
Bio I Technology 9:743-747.

VASIL, V; CASTILLO, A M; FROMM, M E
and VASIL, I K (1992). Herbicide resistant
fertile transgenic wheat plants obtained by
microprojectile bombardment of regenerable
embryogenic callus. Biol Technology l&667-
674.

38


	Copyright: © Malaysian Palm Oil Board


