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ABSTRACT

Developing transgenic orchid resistance against major pathogens requires a suitable promoter system to
regulate the expression of the resistant gene in plants. Phenylalanine ammonia lyase (PAL) promoter that
regulates the gene expression for the enzyme phenylalanine ammonia lyase can be used in plant genetic
engineering system as it is inducible in nature, due to its sensitivity. In plants, PAL genes are induced
following exposure to various types of stresses including wounding and pathogen attacks. The enzyme
phenylalanine ammonia-lyase (PAL) was found to be encoded by small gene family in orchid species,
Dendrobium crumenatum. PAL promoter gene fragment was amplified and cloned into the pUC19 vector.
Amplification which was based on the use of degenerate primers produce a fragment of band of 350bp. The
PAL promoter gene fragment was successfully cloned into the pUC19 vector. Based on the sequencing data,
the cloned fragment showed no similarity to any known PAL gene sequence. Here, the importance of the
isolated PAL promoter gene is very evident and its role as a promoter would be really useful especially in
conferring resistance in orchids of high values against major plant pathogens.
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Introduction

Dendrobium crumenatum is a member of the family Orchidaceae. It produces white, fragrant flowers (Fig.
1). The bloom cycle is triggered by sudden drops in temperature (at least 5.5 °C or 10 °F), usually as a result
of rain, although the same effect can be artificially created. The plant produces a fragrance smell, but only for
two days (Teo, 2001). As a tropical plant, it is the most common orchid found growing naturally on trees as
well as being planted onto street trees especially in Singapore. It is also known as the Pigeon orchid for its
beautiful white colour flowers (Teo, 2001). 

Basically, developing transgenic resistance in orchids against major pathogens requires a suitable promoter
system will be in place so that the expression of genes in plants can be properly regulated to an optimum
level. To date, various promoters derived from microorganisms and plants have been identified and used to
study the expression and regulation in vivo and in vitro conditions. For example, according to Hahlbrock and
Scheel (1989), among the available plant promoters which is the CaMV (Cauliflower mosaic virus) 35S
promoter has been most commonly used in both dicotyledonous and monocotyledonous plants for a number
of reasons, especially its ability to give high level of gene expression and for its constitutive nature in gene
expression. However, here a problem arises since the CaMV 35S is not a universal promoter and in



315Adv. in Nat. Appl. Sci., 3(3): 314-323, 2009

monocotyledons, a relatively lower level of gene expression occurred compared to dicotyledons (Dixon et al.,
1983). In addition to that, CaMV 35S is also not inducible by environmental stimuli and highly unstable, as
a result of its viral origin. Thus, continuous efforts are still being carried out to find suitable plant promoters
that will match specific needs of gene expression under various environmental conditions. A suitable and
potential candidate of a promoter is the Phenylalanine Ammonia-Lyase (PAL) gene. PAL genes have been
characterized in a number of plant species and usually comprise of families of between two and six numbers.
For example, the PAL gene family in Arabidopsis thaliana has three members designated PAL 1, PAL 2 and
PAL 3 (Rookes and Cahill, 2003). PAL is also known to be involved in the lignification process and as a key
enzyme in phenylpropanoid biosynthetic pathway, which is the gateway to many plant secondary metabolites
such as flavonoids pigments, furanocoumarin, isoflavonoid, phytoalexin, wound protectant hydroxycinnamic
acid esters and aromatic compound in the plant defense system (Dixon et al., 1995). 

Phenylalanine ammonia lyase enzyme catalyzes the first step in the phenylpropanoid metabolism, which
is the conversion of L-phenylalanine to trans-cinnamic acid which leads to the synthesis of defense related
compounds including lignins and phytoalexins (Rookes and Cahill, 2003). PAL has also been implicated in
the biosynthesis pathway for salicyclic acid (SA), another defense related compound and a key signaling
compound required for the activation of plant resistance genes, catalases, and receptor like protein kinases
(Klessig et al., 2000). These are associated with systemic required resistance (SAR) leading immunity to wide
range of pathogens (Gaffney et al., 1993). There are two pathways thought to lead to the synthesis of SA. One
pathway uses isochorismate synthase to produce SA from chorismate (Wildermuth et al., 2001). Previous
research that has used the PAL promoter linked to a reporter gene has concentrated on PAL gene expression
during development and few have examined defence-related PAL gene expression (Mauch-Mani and
Slusarenko, 1996). They have shown activation of the expression of PAL 1 in incompatible interactions of
Arabidopsis thaliana with P. parasitica using a GUS reporter gene and produced a preliminary analysis of
pathogen induced PAL 1 promoter activity. 

Conclusively, it is hoped that the understanding of PAL as a suitable promoter in engineering transgenic
resistance in orchid plants will be achieved systematically. Therefore, the aim of this study was to amplify,
clone and sequence pal gene fragment from Dendrobium crumenatum and find out any similarities to any
known pal gene sequence in the gene sequence database.

Fig. 1: Morphology of Dendrobium crumenatum which is also known as the Pigeon orchid. Bar represents
1.5 cm.

Materials and Methods

Plant material

Dendrobium crumenatum orchid young leaves were obtained from the glass house in AIMST University,
Amanjaya campus, Kedah, Malaysia. 

Phenylalanine Ammonia Lyase (PAL) primer

The degenerate PAL primers were designed according to the conserved PAL gene sequences and
synthesized by 1st BASE Sdn. Bhd., Shah Alam, Malaysia.  The nucleotide sequences of the primers were as
follows: 
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PALFor1EcoR1

5’ – GAAGATCTTCGVTTCTTGAATGABGGAATYTTTYGGNA – 3’

PALRevBgIII

5’ – CGGAATTCCGTTADCAHATNGGAAGAGGAGCACCA – 3’

Genomic DNA extraction method

The genomic DNA was extracted from young leaves of orchid (Dendrobium crumenatum) according to
the CTAB method (Pasakinskiene and Paplauskiene, 1999) with some modifications. One gram of young orchid
(Dendrobium crumenatum) leaves were ground into powder in liquid nitrogen and homogenized by using pestle
and mortar. The sample was transferred into a Falcon tube prior to the addition of 3ml of Nuclear Lysis Buffer
[200mM Tris-HCL pH 7.5, 50mM EDTA, 2M NaCl and 2% (w/v) CTAB], 100µl sodium sulphite and 600µl
Sarkosyl were added. The mixture inverted several times and incubated at 65oC for 1-2 hours. The mixture
was then mixed with 5ml phenol:chloroform:isoamyalcohol (25:24:1) by gently inverting at room temperature
for 5 minutes. The mixture was then centrifuged at 3000xg for 10 minutes at 4 oC. After that, the supernatant
was transferred into a new falcon tube. Precipitation of nucleic acids was carried out by adding 100%
isopropanol (1:1) followed with gentle inversions and left for 5 minutes at room temperature. The resulting
DNA pellet was taken using a cocktail toothpick and washed into 1.5ml Eppendorf tube containing 70% (v/v)
ethanol and left for overnight. The pellet was washed again with 70% (v/v) ethanol and the chromosomal DNA
was air dried in laminar air flow before dissolved in 400µl  of TE buffer. DNA stored in -20 oC.
 
Determination and quantification of the genomic DNA

The integrity of the genomic DNA was visualized on a 1% (w/v) agarose gel using the TAE 1X buffer.
One microlitre of DNA solution was diluted in 100 µl (1:100) of sterile double distilled water. The sample
was measured at optical density 260nm and 280nm wavelength using UV spectrophotometer and blanked with
TE buffer (Appendix A). The concentration of the orchid (Dendrobium crumenatum) genomic DNA was
determined according to the equation below (Sambrook et al., 1989):

[DNA] = Abs260 x 50 microgram/ml x dilution factor  

Gel electrophoresis and photograph

The agarose gel was placed into an electrophoresis tank with the wells located at negative electrode
followed by filling in with TAE 1X buffer to approximately 1mm above the gel surface. Electrophoresis was
run by applying 64 V of electric power from negative to positive electrode and stopped when the tracking dye
was approximately ¾ the way across the gel. The gel was viewed using a UV Trans-Illuminator. The gel was
exposed to long range ultraviolet light and a Polaroid high-speed film Type 667 (ASA 3000) from Sony
(Japan) was used to take the photograph of the agarose gel. 

Amplification of PAL promoter gene fragment by PCR 

The PCR mixture consisted of 1 unit of Taq DNA polymerase (Fermentas) was carried out in a 20 µl
mixture in the presence of 1.1622µg/ml genomic DNA and 10mM of each pal gene primer as listed in Table
1 below. The amplification were carried out for 35 cycles, each comprising 5 minutes initial denaturation at
94 oC, one minute denaturation at 97 oC, 30 seconds of annealing at 45 oC, 1.5 minutes extension period at 72
oC and 10 minutes of final period at 72 oC using the Applied Biosystems Gene Amp DNA Thermacycler, PCR
machine.

Purification of PCR product

The PCR product will be analyzed on a 1% agarose gel electrophoresis. The agarose gel containing
selected PCR fragment will be excised, purified and DNA cleanup from enzymatic reactions (Sambrook et al.,
1989). 
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Preparation of competent cell

Competent cells were prepared according to the KCM method described by Sambrook et al. (1989).
Basically, E.coli DH5 α was streaked onto M9 minimum medium plate and incubated 37 oC overnight. Single
colonies were inoculated into 10ml of LB broth and incubated overnight with continuous shaking 250 rpm at
37 oC. Five hundred microliter (1/100 dilution) of culture was aliquot into 50ml fresh LB broth and incubated
with shaking at 250 rpm, 37 oC until the OD600 reached 0.5 - 0.6 units. The flask was swirled on ice for 20
minutes to pre-chill the cells. The culture was transferred into sterile centrifuge tubes and centrifuged at 5000
rpm for 3 minutes at 4 oC. The suspension was decanted and the pellet was resuspended into 1/10 volume of
ice cold TSS buffer. Then, the cells were aliquoted to 100 µl in sterile Eppendorf tubes and snap frozen into
liquid nitrogen prior to storage at -70 oC.

Table 1: The components for PCR amplification
Components Final concentration Volume
10X PCR buffer 1X    5.0 µl
MgCl2 2.5mM 3.0 µl
dNTP mixture 0.2µM 1.0 µl
Forward primer 1 µM 1.0 µl
Reverse primer 1 µM 1.0 µl
Genomic DNA template 100ng 1.0 µl
dH20 - 37.5 µl
Taq polymerase  5U / µl 0.5 µl

Total volume 50 µl

Cloning of PCR products

The purified PCR product was ligated into pUC19 vector. The ligation mixture consists of 1µl of pUC19
vector, 9 µl of 2x ligation buffer, 1 µl of T4 DNA ligase, 4.28 µl of deionized distilled water and 0.72µl of
insert, to a total volume of 10 µl. The solution was mixed and incubated at 4 oC overnight. The use of 0.5µl
tubes that have low DNA binding capacity is recommended.

Transformation of ligation product

The ligation mixture was then transformed into E.coli DH5 α by mixing 10µl of ligation mixtures with
20 µl of 5x KCM solutions, 70 µl of distilled water and then, it was mixed with 100µl of competent cells.
The tube was gently inverted to mix and then incubated on ice for 20 minutes followed by heat shock at 42
oC in water bath for 45 seconds without shaking. Immediately, the mixture was transferred back to ice and
chilled for 2 minutes. Then, 800 µl of LB broth was added to the mixture prior incubating in shaker at 250
rpm at 37 oC for 1.5 hours. Finally, the putative transformants were centrifuged at 5000 rpm and resuspended
in 100µl of LB broth before plating on LB agar with 100 µl/mg ampicillin, 0.5mM IPTG and 80 microgram/ml
X-Gal. The plates were incubated overnight at 37 oC.

Isolation of recombinant plasmid by alkaline lysis method

Single colonies of bacteria containing plasmid were picked using sterile toothpick and cultured in 50ml
Falcon tube containing 5ml of LB broth medium and 5µl of 100µg/ml ampicillin and incubated at 37 oC at
250rpm overnight. Then, bacterial cells were harvested by centrifugations at 13000 rpm for 45 seconds. The
supernatant was discarded and the cell pellet dried in laminar air flow. One hundred fifty microliters of chilled
alkaline lysis solution 1 was added and vortex vigorously before with the addition of 300µl of alkaline lysis
solution II inverted and kept on ice for 5 minutes. Finally, 225µl of alkaline solution III was added, inverted
and kept on ice for 5 minutes. It was centrifuged at 13000 rpm for 5 minutes. The supernatant was transferred
into new Eppendorf tube and 1µl of RNAse (10mg/ml) was added and kept at room temperature for 15
minutes. Equal volume of phenol:chloroform:isoamylalcohol (25:24:1) was added and vortexed. Again, it was
centrifuged at 13000 rpm for 2 minutes, and followed by the addition of equal volume of
chloroform:isoamylalcohol (24:1). The supernatant was transferred into a new Eppendorf tube with 1/10 equal
volume of isopropanol and kept at -20 oC for 30 minutes. The plasmid DNA was recovered by centrifugation
at 13000rpm for 5 minutes. The supernatant was discarded and pellet washed with 70% ethanol. After that,
the ethanol was discarded and pellet dried in laminar flow. The pellet was resuspended in 40µl of Tris buffer.
At this stage, the plasmid DNA was digestable by most restriction enzymes for a quick DNA analysis. The
purified plasmid was stored at -20 oC.
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Linearization of plasmid DNA

The isolated plasmid DNA was linearized using EcoRI and Hind III as restriction enzymes to release the
insert in the plasmid DNA. EcoRI supposedly cuts at 285bp site and Hind III at the 234bp site on the pUC19
plasmid. The digestion reaction was carried out by mixing the enzymes and sample in a complete reaction
mixture as shown in Table 2 below:

Table 2:  The components of plasmid linearization mixture.
Solution Volume
Buffer 10X 2.0 µl
Sample 4.0 µl
ddH20 12.0 µl
EcoRI 1.0 µl
Hind III 1.0 µl
Total 20.0 µl

Restriction enzyme digestion of the isolated plasmid was carried out by incubating the reaction mixture
in a water bath at 37oC for 3 hours and deactivated in 65 oC for 20 minutes. The sample was analyzed on 1%
agarose gel electrophoresis.

Analysis of sequence data

The putative plasmid DNA was sent for sequencing to the 1st BASE Company (Shah Alam, Malaysia).
The sequences were analyzed with Blastn algorithm software at the NCBI website
(http//:www.ncbi.nlm.nih.gov.). Finally, the sequence was then compared against the DNA sequence available
in the public databases in the GeneBank.

Results and Discussion

Isolation of the genomic DNA of Dendrobium crumenatum

The genomic DNA of the orchid was isolated according to the modified CTAB method (Pasakinskiene
and Paplauskiene, 1999). Initially, it was very hard to obtain the genomic DNA with high purity because of
the presence of secondary metabolites and high level of polysaccharides that interferes with DNA isolation and
purification. However, after further trials with the addition of antioxidants such as PVP (polyvinylpyrrolidone)
and β-mercaptoethanol, genomic DNA with a higher level of purity was obtained. This is due to the effects
of antioxidants which suppress the presence of plant phenolic compound (Clarck, 1997). The modified CTAB
method is fast, reproducible and relatively cheap compared to all the other methods available. 

                          
Fig. 2: Agarose gel electrophoresis of the genomic DNA of Dendrobium crumenatum. The genomic DNA

was analyzed on 1% (w/v) gel electrophoresis at 75 V for 45 minutes.  

Degenerate primers for amplification of PAL promoter gene fragments

To isolate pal gene fragments from orchid (Dendrobium crumenatum), a set of degenerate PCR primers
was designed according to the corresponding amino acid sequences of the highly conserved region of PAL
proteins. The nucleotide sequences of the degenerate primer pairs used to isolate pal gene fragments were:
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PALFor1EcoR1

5’ – GAAGATCTTCGVTTCTTGAATGABGGAATYTTTYGGNA – 3’

PALRevBgIII

5’ –  CGGAATTCCGTTADCAHATNGGAAGAGGAGCACCA – 3’

Amplification of PAL promoter gene fragment by PCR

The cloning strategy for isolating PAL promoter gene fragment from orchid (Dendrobium crumenatum)
relied on the use of degenerate primer corresponding to the conserved region of PAL protein. The set of
primers were PALFor1EcoR1 vs PALRevBgIII. The PCR products obtained were shown in Figure 3 below.
There were 4 replicates used and all of them gave similar band around 350bp.

Fig. 3: Agarose gel electrophoresis of the amplified pal gene fragments. The amplified products were analyzed
on 1% (w/v) gel electrophoresis at 75 V for 45 minutes. Lane 1: High Range DNA Mass Ruler; Lane
3:First replicate of the amplified PAL promoter gene; Lane 4: Second replicate of the amplified PAL
promoter gene; Lane 5: Third replicate of the amplified PAL promoter gene; Lane 6: Fourth replicate
of the amplified PAL promoter gene. Lane 8: 100bp marker.  All the gene fragment shows bands
around 350bp.

Since degenerate primers used in this amplification, more than one fragment is expected to be amplified.
However, only one band was amplified with the ranging of 350bp from all the 4 replicates. Degenerate primers
may potentially bind to more than one region within the genome that represents the corresponding conserved
motif of the PAL gene protein motif. The annealing temperature chosen for PCR depends directly on length
and composition of the primer. Innis and Gelfand (1990) suggested that using an annealing temperature about
50C below the lowest melting temperature (Tm) of the pair primers used in the amplification. If the annealing
temperature was reduced, there will be more unspecific binding. 

In contrast, by increasing the annealing temperature, PCR product may likely to be specific to PAL gene.
As a result of this, touchdown polymerase was carried out. Touchdown polymerase chain reaction or
touchdown style polymerase chain reaction is a method of polymerase chain reaction (PCR) by which primers
will avoid amplifying nonspecific sequence. The concentration of MgCl2 and other components used in PCR
was also a critical aspect to be considered for a more optimized system. The reason is because Mg2+ serves
as a metallic cofactor for Taq polymerase activity. The free divalent cation which is Mg2+ binds with free
dNTPs forming soluble complexes that produced the substrate for the polymerase. The concentration of dNTPs
was 200µM to ensure the fidelity and adequate yields of PCR products. Higher concentrations can lead to more
non-specific PCR products arising.
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Cloning of pal gene fragment into the pUC19 vector

The PCR product containing 350bp fragment was purified using the conventional method adapted from
Sambrook et al. (1989). The purified PCR product was ligated into the pUC19 vector (MBI Fermentas). This
vector was commercially prepared with 3’- T overhang at the insertion site to improve the efficiency of ligation
of a PCR product into the plasmid by preventing recircularization of the vector and providing a compatible
T – overhang for PCR products. The PAL gene fragment generated by Taq polymerase with sticky ends
provided with 5’ – A overhang at the insertion site which is more efficient.

The T4 DNA ligase plays an important role in recombinant DNA technology. This enzyme catalyzes the
formation of 5’ – 3’ phosphodiester bonds in double stranded DNA molecules. Apart from the T4 DNA ligase,
the ratio of insert:vector is also important in ligation. Standard protocol suggests that a 3:1 ratio is a correct
ratio for good ligation which was used in this experiment. Figure 4 shows the successful ligation of PAL gene
fragment into the pUC19 vector. The successful ligated pal gene fragment was estimated to be 3036bp and
designated as pUC19-PAL.

Fig. 4: Agarose gel electrophoresis of the ligated product. The ligated product was analyzed on 1% (w/v)
agarose gel electrophoresis at 75 V for 45   minutes. Lane 1: High Range DNA Mass Ruler; Lane
3: Ligated products of pUC19-PAL. Lane 5: High Range DNA Mass Ruler.

 
Transformation of pUC19-PAL

The pUC19-PAL was transformed into host cell E.coli DH5 α. During the preparation of competent cells,
the bacterial cells had been soaked in ice cold solution containing CaCl2 which altered the cell wall of the
E.coli DH5 α and caused the cell to be more permeable to foreign DNA. When DNA is added to cells, it
remains attached to the cell exterior. The DNA movement into competent cell is stimulated by briefly raising
the temperature to 420C. The exact reason why heat-shock is effective is because of a unique property of the
plasmid DNA which rapidly anneal following denaturation, and to help plasmid DNA attach to bacterial
chromosome. Most plasmid cloning vectors carry at least one gene that confers antibiotic resistance on the host
cell, and selection for transformants is achieved simply by plating on to an agar medium that contains
ampicillin antibiotic.

Figure 5 shows the growth of E.coli DH5 α containing recombinant plasmid pUC19-PAL on LB agar
supplemented with ampicillin/IPTG/X-Gal after an overnight incubation at 370C. There were few white colonies
present, indicating the recombinant plasmid was successfully transformed into E.coli DH5 α. The pUC19 vector
consisted of resistance gene and lacZ gene encoding β-galactosidase, an enzyme that converts substrate such
as X-Gal (5-bromo-4-chloro-3-indolyl- β-D-galactopyranoside). This gene can be actively transcribed to produce
β-galactosidase with the presence of an activator, IPTG (Isopropyl- β-D-thiogalactopyranoside).

Bacterial cells that contain normal plasmid will be ampicillin resistance and be able to synthesize β-
galactosidase to digest X-Gal into blue coloured product. Whereas the recombinants (pUC19-PAL) with a
disrupted lacZ gene sequences was unable to breakdown β-galactosidase which will remain white throughout
the growth period. The untransformed cells will not survive in the antibiotic plates.
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Fig. 5: Growth of E.coli DH5 α containing recombinant plasmid pUC19-PAL on LB/Amp/IPTG/X-Gal plate.
Bar represents 1.5cm.

Conformation of transformation by restriction enzyme digestion.

A single white colony was inoculated into LB broth supplement with ampicillin. The bacterial culture
containing recombinant plasmid was isolated using alkaline lysis method. Figure 6 shows the band obtained
after the isolated plasmid was digested with EcoRI and Hind III. 

Fig. 6: Agarose gel electrophoresis of the digested plasmid with EcoRI and HindIII .Lane 1: High Range
DNA Mass Ruler; Lane 4: Linearized  plasmid at 2600bp

Analysis of sequence data

The nucleotide sequence of the positive cloned PAL promoter gene fragment revealed that the amplified
fragment has 350bp nucleotides. The identity of the sequence was determined by comparing the sequence with
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the known sequences available in the GeneBank. This was done by using BLASTn software available on NCBI
website (http://www.ncbi.nlm.nih.gov). Analysis of the sequences for PAL promoter gene revealed that there
was no sequence similarity to any known PAL gene sequence indicating a gene fragment which is very specific
to the conserved region of the PAL gene protein motif was found. PAL promoter gene fragment sequence
is shown below:

GAGGCGACGAAATAATTTCGAGATAGATGCAAGTGTCTCACCTCACCCCAAAAGAAAGAGAG
CAAAACATGTTTCCAGAGATGAATAAGTTCCACAGGGTAAAACCTTTCTCTTCTAGTCTACTA
TATCATCTGACTTACAAATAACATGAGAATGGTCCTTCAAACCTTGGTCTTTTCCAGGCTTAT
TAGACTGCAGGACCAATGGACAAGAAAAGAAACAACCTTGAGGAAGAGACACCACAATGGA
GATGGAGGGGAAATGGTGCATTCAGCACAAATTCACAAAACAATTCCTTAAGAACAGTGACA
CTGTGTATTCCTAGACTATGATGACATTTAGAATGCTCT

Conclusion

Phenylalanine ammonia lyase (PAL) promoter that regulates the gene expression for the enzyme
phenylalanine ammonia lyase, can be used in plant genetic engineering system as it is inducible in nature, due
to its sensitivity. In plants, PAL genes are induced following exposure to various types of stresses including
wounding and pathogen attacks. In this project, the degenerate primers, PALFor1EcoR1 (5’–
GAAGATCTTCGVTTCTTGAATGABGGAATYTTTYGGNA–3’)  and PALRevBgIII  (5’–
CGGAATTCCGTTADCAHATNGGAAGAGGAGCACCA–3’) successfully amplified the corresponding PAL
promoter gene sequence in orchid (Dendrobium crumenatum). Then, the PAL promoter gene fragment was also
successfully cloned into pUC19 vector and the recombinant plasmid, pUC19-PAL was isolated. Sequencing
result revealed that the cloned PAL promoter gene fragment has 350bp nucleotide bases. However, the
sequencing data of the cloned fragment showed no similarity to any known PAL gene sequences from the
database. This project is the first step in understanding the capability of the Phenylalanine Ammonia-Lyase
(PAL) promoter gene fragment to serve as a part of a gene construct to confer resistance to any Dendrobium
orchids.
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