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ABSTRACT

In order to create an antisense construct of the gene encoding Ornithine Decarboxylase (ODC)
from tobacco (Nicotiana tabacum L.) cv. Temanggung, the target gene must be isolated. In this paper,
we present the PCR amplification of a fragment from putative gene encoding ODC from tobacco cv.
Temanggung. Leaf genomic DNA was isolated and used as the template for PCR. PCR optimization was
done by adjusting the annealing temperature and the cycle number. Verification of the fragment obtained
was also done using the second primer pairs.
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ABSTRAK

[solasi target gen dilakukan dalam rangka membuat konstruksi antisense dari gen penyandi
enzim ODC (Ornithine Decarboxylase). Target gen diisolasi dari tanaman tembakau (Nicotiana tabacum)
varietas Temanggung dengan metode PCR cloning. DNA genomik dari daun diisolasi dan dipakai sebagai
cetakan dalam reaksi PCR. Optimisasi proses PCR dilakukan dengan mengubah suhu annealing dan
jumlah siklus. Untuk lebih memastikan keabsahan fragmen yang didapat uji coba juga dilakukan dengan
pasangan primer lain yang menghasilkan amplikon dalam ukuran yang berbeda.

INTRODUCTION amplification to isolate a fragment of the
putative gene encoding Ornithine
Decarboxylase (ODC) from tobacco
(Nicotiana tabacum L.). The objective of this
experiment was to obtain a full length gene
encoding Omnithine Decarboxylase (ODC)
from tobacco. Once the target gene is isolated,
an antisense construct will be generated and
transformed into tobacco. This approach is
commonly used to suppress the expression

The Polymerase Chain Reaction
(PCR) is an in vitro method to carry out the
amplification of selected nucleotide (DNA or
RNA) sequences through a succession of
incubation at different temperatures (Hsu et
al., 1996). PCR amplification is commonly
used as one of the methods to isolate a target
gene. In this paper, we describe a PCR
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of a given target gene (Fitchen & Beachy,
1993). Since ODC is a key enzyme in the
nicotinic acid biosynthesis pathway (Figure
1.), suppressing the expression of the ODC
gene will supress the production of nicotinic
acid. In this case, theoretically we can
produce a transgenic tobacco that will

produce less or zero nicotinic acid and will
have a marketable prospect.

In this paper we describe the
optimization of the PCR experiment which
includes variation of annealing temperature
and number of cycles during PCR reaction
to obtain a fragment of putative ODC gene
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Figure 1. Nicotinic acid biosynthetic pathway (Goodwin & Mercer, 1983)
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from tobacco as a preliminary step for the
cloning of this gene.

MATERIALS AND METHODS

Materials

Genomic DNA was isolated from
leaves of tobacco (Nicotiana tabacum L..) cv.
Temanggung. Primers used in this research
were ODC F, ODC R, and ODC R, each
has a length of 23 bases. The primers were
designed using a computer program Amplify
2.1 according to Engels (1993).

Methods
1) Isolation of DNA genome

Genomic DNA was isolated by using
two methods, the first utilised CTAB
(Cetyltrimethylammonium Bromide) buffer
(Murray & Thompson, 1980) and the second,
without CTAB buffer, which was modified
from the method described by Sambrook &
Russell (2001).

2) Amplification of ODC gene

PCR reactions were performed in a
total volume of 50 pl. Each reaction was
composed of 5 ul DNA template (DNA
Genome) (10 ng/ ul), 5 ul PCR buffer 10x, 3
pl 50 mM MgCl, (final concentration 1.5
mM), | pul 10 mM dNTP (final concentration
0.2 mM), 0.25 ul Tag DNA polymerase (5
U/ul) (final concentration 1.25 Unit), 2.5 pl
of the mixture ODC F, and ODCR, primers
or a mixture of ODC F R, primers (final
concentration 0.5 mM), and addition of
ddH,0 to a total volume of 50 ul.

The sequences of the primers used in
this experiment are as follows:

Amplifications of target DNA were
done at first using annnealing temperature of
50°C (30 cycles) and secondly using
annealing temperature of 48°C (50 cycles).
Each PCR cycle consisted of 3 phases:
denaturation at 94°C for 1 minute, annealing
at 48°C or 50°C for 30 sec, and
polymerization phase at 72°C for 3 mins.
Temperature of the final cycle is 72°C for 10
mins to complete the amplification process.

3) DNA agarose gel electrophoresis

DNA agarose gel electrophoresis was
made and conducted according to Sambrook
& Russel (2001).

RESULTS AND DISCUSSION

Results

Primer designed using the Amplify
2.1 indicates that there are 2 possible forward
primers (ODC Fl and ODC F2) and 3
possible reverse primers (ODC R1, ODC R2
and ODC R3) that can be used to isolate the
ODC gene fragment (Figure 2).

ODC F, Primer has 21.73% GC
percentage, ODC R, has 39.13% GC
percentage, and ODC R, 52.42% GC
precentage. Melting temperature (Tm) of
ODCFlis 57.55°C,ODCR1is59.19°C, and
ODC R2 is 60.42°C. In this experiment 3
primers were chosen to obtain 2 different
amplification products. Based on Amplify 2.1
computer analysis, the combination ODC F1
and ODC R1 will yield 1.472 bp fragment,
while ODC F1 and ODC R2 will yield a 1.021
bp fragment.

A preliminary experiment was
conducted to obtain optimum PCR conditions
for amplification using primer pairs described
above. PCR parameters being optimised are
the annealing temperature and the number of
cycles used. The result from first PCR trial
using both primer pairs with annealing
temperature of 50°C and 30 cycles is
presented in Figure 3. The fragment obtained
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Notes: triangles pointing to the right are forward primers (ODCFI1 & ODCF2); triangles pointing to the left are

reverse primers (ODCR1, ODCR2 & ODCR3).

Figure 2. Primer design using Amplify 2.1

M 12 345678

Agarosa gell% (*/.), 80 volt, EtBr 20 pg/ul

1.636 bp
1.021 bp
1.018 bp
Line M
Line 1—4
Line 5—8

: 1 kb DNA Ladder
: Fragmen PCR ODC F;R, (1.472 bp)
: Fragmen PCR ODC FiR: (1.021 bp)

Figure 3. Amplification of fragment ODC gene from Nicotiana tabacum L. cv. Temanggung at 50°C

and 30 cycles
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by PCR using the primer pair ODCF1 and
ODCR2 in this experiment is very thin (lane
5-8)andin lane 1 —4 the fragment expected
using primer pair ODCF1 and ODCRI1 is not
visible.

Based on the result obtained in the
first experiment, the annnealing temperature
was decreased from 50°C to 48°C to increase
the binding probability between primers and
template. Addition of 20 more cycles were
done to obtain the desired amplicon in a
higher quantity that can be detected clearly
in the gel (Figure 3).

Using the improved PCR conditions,
amplicons were obtained both using ODCF1
and ODC R1 primer pair as well as ODC F1
and ODC R2 primers (Figure 4). Figure 4
shows that the fragment of ODC gene could
be amplified and the sizes correspond to the
expected sizes based on the Amplify 2.1
analysis.

Discussion

The amount of template needed for
PCR amplification is approximately 1-10 ng
of DNA plasmid or 20— 300 ng DNA genome
or cDNA. According to Elion (1997), too
high amount of DNA template will influence
the effectiveness of the PCR reaction. In this
experiment 50 ng genomic DNA template
isolated from tobacco leaves was used. In this
case, the ample amount of template was used
thus eliminating the amount of template as a
factor that will influence the success of PCR
amplification.

Generally, the length of primers
commonly used is 17-34 base pairs. The
primers will have difficulty to bind to the
template if they are too short while on the
other side the longer the primer will produce
non specific amplicons (Elion, 1997). In this
case, this factor was eliminated by designing
the length of the primers between those

M 1 23 4567 89 10

1.636 bp

1.018 bp

Agarosa gel 1% ("/.), 80 volt, EtBr 20 pg/ul

1.472bp

1.021 bp

: 1 kb DNA Ladder
¢ negatif control ODC FiRy dan ODC FiR;

Line 34,78 : Amplicon ODC FyR; (1,021 pb)
Line 5,6,9,10: Amplicon ODC FR; (1.472 pb)

Figure 4. Amplification of ODC gene from Nicotiana tabacum L. cv. Temanggung at 48°C, with 50

cycles
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numbers. ODC FI, ODC R1 and ODC R2
are composed of 23 base pairs. Additionally,
those three primers were designed to have
GC at the 3" end which enables them to bind
better to the template. According to
Sambrook & Russell (2001) the ideal melting
point difference between primers should not
exceed 5°C. Melting point of ODC F1 is
57.55°C, ODC R1 is 59.19°C and ODC R2
is 60.42°C which indicates the melting
point difference is less than 5°C.

The amount of a primer in a standard
reaction is unlimited. However, the
concentration used is usually between 0.5 —
1.0 uM. That concentration is enough for 30
cycles amplification to obtain I kb fragment.
Too high concentration of a primer will cause
mispriming while too low concentration will
cause inefficient amplification (Muladno,
2002). In this experiment 0.5 pM primer
concentration was used.

Specificity of an amplification
process is influenced by several factors
including the annealing temperature.
Annealing temperature depends on the length
and GC content of the primers used in the
PCR reaction. ODC F1, ODC R1 and ODC
R2 have 21.73%, 39.13% and 52.17% GC
content, respectively. All of those primer are
23 bases long. According to Saiki (1989),
55°C is a good starting point for primer with
50% GC and 20 bp length. However, in this
experiment 50°C was used because the GC
content of the primers are relatively low.
Identifying the optimum annealing
temperature is very important for the success
of a PCR reaction because too low
temperature will cause unspecified PCR
products while too high temperature will
cause difficulty for the primer to bind to the
template (Hsu er al., 1996).

Generally, the temperature setting for
polymerization is between 72°C — 80°C. In
this experiment 72°C was used in order to
eliminate the polymerization temperature as
the limiting factor in the PCR reaction.
During polymerization, Taqg DNA polymerase
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initiates its activity on extending the DNA
from 3’end. The velocity of the extension by
the enzyme is approximately 35 to 100
nucleotides per second depending on the
buffer used, pH, salt concentration and the
DNA target molecule. In order to obtain the
1.472 bp and 1.021 bp amplicons, 4 mins
amplification was used which is equal to 30
cycles. However, based on the first trial in
which a very faint band was obtained (Figure
1), the cycle was increased from 30 to 50
cycles (10 mins) and finally visible amplicons
were obtained from both ODC FI and ODC
R1 as well as ODC F1 and ODC R2 primer
pairs (Figure 2). According to Yu & Pauls
(1994), to amplify a 1.0-1.5 kb target
fragment, 10—15 mins polymerization period
is required to obtain a perfect double stranded
fragment.

The first trial of PCR amplification
using 50°C and 30 cycles as the annealing
temperature showed a very faint band at 1.472
bp using primer pair ODC FI1R1 which is the
expected size for that primer pair. On the
other hand, when the annealing temperature
was decreased to 48°C and using 50 cycles
amplicons were obtained both from ODC F1
and ODC R1 as well as ODC F1 and ODC
R2 pairs (Figure 2). This result indicates that
the ODC F1 and ODC R1 as well as ODC
F1 and ODC R2 primer pairs require a
relatively low annealing temperature to bind
to the template. This is probably caused by
the nature of those primers.

CONCLUSIONS

The annealing temperature and the
number of cycles used in a given PCR are
two important factors during PCR process for
obtaining a correct and perfect amplicon.

The results from this experiment can
be used for further effort to clone the gene
encoding ODC from tobacco.
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