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ABSTRACT 

In order Lo create an antisense construct of the gene encoding Ornithine Decarboxylase (ODC) 
from tobacco (Nicoticm{l (abaCI/ill L.) cv. Temanggung, the target gene must be i olated. In this paper. 
we pre ent the PCR amplification of a fragment from putative gene encoding ODC from tobacco cv. 
Temanggung. Leafgenomic DNA was i olated and used as the template for PCR. PCR optimization wa 
done by adjusting the annealing temperature and the cyc le number. Verification of the fragment obtained 
was al 0 done u ing the econd primer pairs . 
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ABSTRAK 

Isolasi target gen dilakukan dalam rangka membuat konstruksi antisense dari gen penyandi 
enzim ODC (Orn ithine Decarboxylase) . Target gen dii olasi dari lanaman tembakau (NiwlimlllluboclIm) 
vnrietas Temanggung dengan metode peR dOlling . DNAgenomik uari daun diisolasi dan Jip<lbi ebaga i 
cetakan dulam reaksi peR. Optimi asi pro es PCR dilakukan dcngan mengubah suhu allnealing dan 
jumlah iklus. ntuk [ebih memastikan keabsahan fragmen yang didapat uji cobajuga dilakukan dengan 
pasangan primer lain yang menghasilkCln amplikoll dalam ukuran yang berbeda. 

INTRODUCTION 	 amplification to isolate a fragment of the 
putati ve gene encoding Orn Ithme 

The Polymera e Chain Reaclion Decarboxyla e (ODC) from tobacco 
(PCR) i an in vitro method to carry out the (Nicotiana tabacum L.). The objective orthi 
amplification of selected nucleotide (DNA or experiment was to obtain a full length gene
RNA) equ nees through a succession of encoding Ornithine Decarboxylase (ODC)
incubation at different temperatures (Hsu el from tobacco. Once the target gene is isolated, 
al., 1996). PCR amplification is commonly an antisen e construct will be generated and 
used a one of lhe methods to isolate a target transformed inco tobacco. This approach is 
gene. In this paper, we describe a peR commonly used to suppress the expression 
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of a gi yen target gene (Fitchen & Beachy produce less or zero nicoti nic acid and wi ll 
1993). Since ODe is a key enzyme in (he have a marketable prospect. 
nicotinic ucid biosynthesis pathway (Figure In this paper we describe the 
I.), suppress ing the expression of the ODe optimization of th peR experiment which 
gene will supres the production ofnicolin ic includes variation of an nealing temperature 
acid. In this Cll e, the retically we can and number of cycles during peR reaction 
produce a transgenic tobacco that will to obtain a fragment of putative ODe gene 

Glyceraldehyde f":' H 

3·phosphale H 0
-?r/H 

CHaCOOH 
HO........... ,..,.CH.pH G HO...........,..,.C , ~: I
/y _ /C ?H.eOOH--- e.COOH 

H CH30 H ~bH~~/CH.COOH ~ 
Glycerol C!:)'cf" ~ Oxaloacetic a-KatcH).amin<HIaleric acid 

HI H ~~ rapid ~ ~ equilibration 
,. L-Aspartlc acid H2N L j NH2 

HooeDHo'(XCOOH 
H2N H2N 

N eOOH L..()rnII hlne 
H 

Omithine ~ 
decarboxylase t ~OOH 

(X
eOOH 

I 
+ 

FJA 
H2N H2NN eOOH 

PutrescineQulnolinlc acid 
Pulmsclne L-

CO~J N·melhyllransferase t ~H3 (ex SAM) 

• + ( H (NADPH) 
4 eOOH 

$ 3 

H H2N Ncr;r: JU 
6 1~ 2 IY N CH3 

Nicotinic acid 
N-methylputescine ~H2 

oXidase2H ----t K t" 

.v--.. ~. D 

Hi/ C=O H II N 
I". # ~H CH3 o I£f ~ ~ 

CHJY N N-methyl-L'-pyrrolina 
4-Melhyl aminobutanal 

Co~--i E 

~'"'' k)",~~..) CH3 

y') N 


ENZ·X·"; F i2H
r-.DlNJ ~ ~b:3 
Nlcolin 

Figure 1_ Ni ol in ic aciJ biosynthcli.: pathway (Go dwin & Mercer, 1983) 


Annale!> Bogorienses n. s. Vol 9 nu.2, 2004 8J 




fTOm tobacco as a preliminary step for the 
cloning of this gene. 

MATERIALS AND l\1ETHODS 

Materials 

Genomic DNA was isolated from 
leaves of tobacco (Nicofiana tabaCllt1l L.) cv. 
Temanggung. Primers used in this research 
were ODC FI, ODC R I, and ODC ~, each 
has a length of 23 bases. The primers were 
de igned 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, J980) and the econd, 
without CTAB buffer, which was modified 
from the method de cribed by Sambrook & 
Russell (2001 ). 

2) Amplification of ODe gen 

PCR reacti ons were performed in a 
total volume of 50 J.ll. Each reaction was 
composed of 5 ~t1 DNA template (DNA 
Genome) (10 ngl J.lI), 5 j.!1 PCR buffer lOx, 3 
J.l1 50 mM MgCI2 (fmal concentration 1.5 
mM), 1 j.!! 10 mM dNTP (final concentration 
0.2 mM), 0.25 J.l1 Taq DNA polymerase (5 
U/j.!J) (final concentration 1.25 Unit), 2.5 j.!1 
of the mixture ODC FI and ODCRI primers 
or a mixture of ODC F 1R2 primers (final 
concentration 0.5 mM), and addition of 
d~O to a total volume of 50 ~ll. 

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 noc for 10 
mins to complete the amplification process. 

3) DNA agaro e gel electrophoresis 

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

RESULTS AND DISCUSSION 

Results 

Primer designed using the Amplify 
2.1 indicate that there are 2 possible forward 
primers (ODC F 1 and ODC F2) and 3 
pos ible reverse primers (ODC Rl, ODC R2 
and ODe R3) that can be used to isolate the 
ODe gene fragment (Figure 2). 

ODC F Primer has 21.73% GC
J 

percentage, ODC R I has 39.13% GC 
percentage and ODC R2 52.42% GC 
precentage. Melting temperature (Tm) of 
ODCFl is 57.55"C, ODCRI is 59. 19°C. and 
ODC R2 i 60.42°C. In lhis experiment 3 
primers were chosen to obtain 2 different 
amplification products. Based on Amplify 2.1 
computer analysis , the combination ODC Fl 
and ODC Rl will yield 1.472 bp fragment. 
whi Ie ODC F 1 and ODe R2 wi 11 yield a 1.021 
bp fragment. 

A preliminary experiment was 
conducted to obtain opllmum PCR conditions 
for amplification using pri mer pairs de cribed 
above . PCR parameters being optimised are 
the annealing temperature and the number of 
cycles used . The result from first PCR trial 
u ing both primer pairs with annealing 
temperalure of 50°C and 30 cyc les is 
presented in Figure 3. The fragment obtained 
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ATAATGATAAACATTTTTAGAGG ODCFl 
ACGGTAGTAA'M"CC'TAATACAGG ODCRl 
AAt"rCCGGTI'CGTCATCGl'.AGTG ODCR2 
AACCTCGTC'I'"I'CAGAATCATAGG OOCIU 
TTGA'I'TCC'I'"I'Ct"rt"rCAT'!'TACC OOCP2 

.. ,
~.I__·.' .I~':~2-·+lpll~4~'~I+1~1.~2,14~'~"~1~'·'··~1~--~1..-+~-+---;-, 

• J f 

Notes: triangles pointing to the right are forward primers (ODCFl & ODCF2); triangles pointing to the left are 
reverse primers (ODCRI. ODCR2 & ODCR3). 

Figure 2. Primer design using Amplify 2.1 

M 1 2 3 45 67 8 

1.636 bp 

t .02l bp 

I.Ol8 hI' 

UneM : 1 kb DNA Ladder 
Line 1-4 . Pragmen PeR OOC F,R, (1.472 bpJ 
Line 5-8 . Fragmen PCR ODC F,R" (L021 bpi 

Agarosa gel1% {hi , ),80 volt, EtBr 20 I'g/jJ.IL-____________ __ ________________________________ ~ 

Figure 3. Amplification of fragment ODe gene from Nicotiana tabacum L. cv. Temanggung at 50"C 
and 30 cycles 
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by PCR using the primer pair ODCF 1 and Discussion 
ODCR2 in this experiment is very thin (lane 
5 - 8) and in lane 1-4 the fragment expected 
using primer pair ODCFl and ODCR 1 is not 
visible. 

Based on the re ull obtained in the 
first experiment, the annnealing temperature 
was deerea ed 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 ODe Fl 
and ODC Rl primer pair as well a ODC F1 
and ODC R2 pdmers (Figure 4). igure 4 
shows that the fragment of ODe gene could 
be amplified and the sizes correspond to the 
expected sizes based on the Amplify 2 ,1 
analy IS. 

The amount of template needed for 
PCR amplification is approximate ly 1-10 ng 
ofDNA plasmjd 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 SO ng genomic DNA template 
i olated from tobacco leaves was used. In thi 
case, the ample amount of template was u ed 
thus eliminating the amount of template as a 
factor that wi II influence the success of peR 
amplification , 

Generally, the length of pri mer 
commonly used is 17-34 base pairs . The 
primers will have difficulty to bind [0 the 
template if they are too short whi Ie on the 
other side the longer the primer will produce 
non peci fic amplicons (El ion, 1997). In thls 
case, this factor was e liminated by designing 
rhe length of the pri mers between those 

Line M 
Line 1-2 
Unc 3.4.7,8 : Amplk 
Line 5,6,Q,lCl: 

A~.rosa gel 1 % (!'1. ), 80 vo lt, Etl:lr 20 ~F;hll 

M 12 34 <;h78 CJ lO 

: I kb DNA Lldder 
: ne~al.Jf control OOC FIR, dan OOC F,R, 

n OOC 1', (1021 pb) 
mpl k " n OOC P,R, (tAn pb) 

igure 4. Amplification of ODe gene from Nicotiana 'abacllm L. cv. Temanggung at 48"C. with 50 
cy les 
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numbers. ODC Fl, ODC RJ and ODC R2 
are composed of23 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 ideaJ melting 
point difference between primer hould not 
exceed S"C. Melting point of ODC Fl is 
S7.SSoC, ODC Rl is S9.19°C and ODC R2 
is 60.42°C which indicates the melting 
point difference i less than SDC. 

The amount of a primer in a standard 
reaction is unlim ited. Howeve r, the 
concentration used is usuall y between 0.5 
1.0 ~M . That concentration is enough for 30 
cycle amplification to obtain 1 kb fragment. 
Too high concentration of a primer wi II cause 
mispriming while too low concentration will 
cause inefficient amplification (Muladno, 
2002). In lhi experiment 0.5 ~M primer 
concentraLion was used. 

Specificity of an amplification 
proces is influenced by several factor 
includi ng the anneali ng temperature. 
Annealing temperature depends on the length 
and GC content of the primers used in the 
PCR reaction. ODC FI, ODC Rl and ODC 
R2 have 21.73%, 39.13% and 52.17% GC 
content, respectively. All of tho e primer are 
23 bases long. According to Saiki (1989), 
55°C i . a good tarting point for primer with 
50% GC and 20 bp length. However, in this 
xperiment SO°C was used becau e the GC 

content of the primers are relati vely 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 (H u el al., 1996). 

Generally. the temperature setting for 
polymerization is between 72°C - 80°C. In 
this expenment 72°C wa used in order to 
eliminate the polymerization temperature as 
the limiting factor in the PCR reaction . 
During polymerization, Taq ONA polymerase 
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initiates its activi ty on extending the DNA 
from 3'end. The velocity of the extension by 
the enzyme is approx imately 35 to 100 
nucleotides per second depending on the 
buffer 1I ed, 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 i equal to 30 
cycles. However, based on the first trial in 
which a very faint band was obtained (Figure 
1), the cycle was increased fr m 30 to 50 
cycles (10 mins) and finally visible amplicons 
were obtained from both ODC Fl and ODC 
Rl as well as ODC Fl 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 50uC and 30 cycles as the annealing 
temperature showed a very faint band at 1.472 
bpu ingprimerpairODCFIRl whichisthe 
expected size for that primer pair. On the 
other hand, when the annealing temperature 
was decreased to 48°C and us ing 50 cycles 
amplicons were obtained bOlh from ODCFl 
and ODC R1 as well as ODC F 1 and ODe 
R2 pairs (Figure 2). This result indicates that 
the ODC F1 and ODC Rl as well as ODC 
FI 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 peR are 
two important ractors during PCR proce s 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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