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Development of DNA Marker for Fusarium Resistance in Pisang Berangan
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ABSTRACT

Fusarium wilt (Panama disease), a disease caused by a soil-borne fungus Fusarium oxysporum f. sp.
cubense, is regarded as one of the most significant threats to banana (Musa spp.) production worldwide.
In Malaysia, it is affecting the Cavendish as well as Pisang Berangan which are widely planted for
export as well as for local consumption. Pisang Berangan mutant line (MB96) which was obtained
through induced mutation by gamma irradiation has showed certain degree of tolerance towards the
disease. Attempts were made to utilise Polymerase Chain Reaction (PCR) based techniques i.e. RAPD
(Random Amplified Polymorphic DNA) to screen for unique DNA sequences that are associated or
closely linked to these tolerance characteristics. Four single lObp primers and five duplex lObp primers
combinations were used to detect polymorphism between the DNA of control and 4 mutant lines
micropropagated from MB96. As further control, DNA of Pisang Mas was included. Duplex arbitrary
primer combinations 11-89 and single primer OPA-3 have produced DNA fragments that are
polymorphic between cultivar, Pisang Berangan and Pisang Mas. However the RAPD analysis failed to
show any polymorphism between the control and the mutant lines or in between the mutant lines.
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Introduction

Panama disease or Fusarium wilt of banana, caused by the fungus Fusarium oxysporum f.sp.
cubense, is regarded as the most serious diseases to affect banana (Musa spp.) production worldwide'.
In Malaysia, it is the most significant threats to Cavendish as well as Pisang Berangan. Current
research has so far failed to determine the specific variants of the fungus that attack the two types of
banana. Therefore, it is important to develop a genetic marker to help formulate ways of understanding
the disease and avoid losses in production due to the disease.

Random Amplified Polymorphic DNA (RAPD) fingerprinting was first described by Welsh &
McClelland2 and William et al* (Figure 1). This technique has been used to develop markers in other
plant species successfully. It allows the amplification of random segments of DNA in the genomes with
primers of arbitrary nucleotide sequence, typically of a length of 10 nucleotides. This technique can be
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Figure 1. The generation of RAPD
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utilized to screen for unique DNA sequences that are associated or closely linked to this tolerant
characteristic.

The objective of this work was to isolate useful DNA sequences that may be used as a marker for
Fusarium resistance. This marker may be used by planters and growers to select resistant or tolerant
cultivars for commercial micropropagation , thus reducing losses in production.

Materials and Methods

Plant Materials
Mutant line of Pisang Berangan (MB96), which showed some degree of tolerance towards infection

of Fusarium wilt, was obtained through induced mutation by gamma ray. This mutant was
micropropagated and planted in the 'hot spot' (disease infected field). Samples were taken from four
plants (MB96-1, 2, 3, 4), which were micropropagated from the MB-96. DNA samples of non-
irradiated Pisang Berangan and Pisang Mas were included as controls. These samples were used in the
RAPD analysis to detect polymorphisms between the micropropagated plants, Pisang Berangan and
Pisang Mas.

DNA Extractions
DNA was isolated from approximately 3.0g of fresh leaf. The extraction was performed using a

modified 2X CTAB (cetyltrimethylammonium bromide) procedure based on the protocol of Doyle and
Doyle4. DNA was suspended in 2ml of TE buffer (lOmM Tris-HCl, lmM EDTA, pH8.0). It was then
kept at 4°C.

The DNA concentration was estimated visually on a gel by comparing to a serial concentration of
lambda phage DNA on 1% agarose gel in marker. The bands observed on this gel determine the quality
of the samples. For analysis, DNA concentration was adjusted to 50«g/ul with TE buffer.

Oligonucleotide primers
Several arbitrary decamer primers (Operon Technologies, Alameda, CA, USA and Promega, USA)

were used as single or duplex combination for this analysis. Preliminary screening of the primers
showed four single primers and five duplex primer combinations were able to amplify several DNA
fragments of Pisang Berangan. These were then used to detect polymorphisms between the DNA of
control and four mutant lines micropropagated from MB96. The sequences of the primers used are as
shown in Table 1.

Table 1. Sequence of primers used in RAPD

Primers
Single {Operon Technologies)

Duplex
combination
{Promega)

CS16-11 &CS17-89
CS17-87&CS17-94
CS16-10&CS17-94
CS16-03&CS16-09
CS16-10&CSI6-93

Code
OPA-03
OPA-04
OP A-11
OPA-13
CS16-03
CS16-09
CS16-10
CS16-11
CS 17-87
CS 17-89
CS 17-93
CS 17-94

Sequence
5'-AGTCAGCCAC-3'
5'-AATCGGGCTG-3'
5'-GAATCGCCGT-3'
5'-CAGCACCCAC-3'
5'-AGGTCACTGA-3'
5'-CGGCCCCTGT-3'
5'-CGGCCCCGGT-3'
5'-CGGCCACTAT-3'
5'-CACAGGTCAC-3'
5'-TCGGATACGA-3'
5'-TTAAGGCGAC-3'
5'-CATGGAGCCT-3'

RAPD Analysis
RAPD analysis was performed in 50-ul reaction volumes containing approximately 100»g of

genomic DNA, 200uM each of dATP, dCTP, dGTP and dTTP, 0.4uM of arbitrary decamers, 3.0mM
MgCl2, IX PCR-reaction buffer (without MgCl2) (Boehringer Mannheim, Germany) and 0.05Unit/ul
Taq polymerase (Boehringer Mannheim, Germany). Amplification was run using GeneAmp PCR
System 9600 (Perkin Elmer, Norwalk, CT, USA). Initially the reaction was denatured at 94°C for 5
min. Then PCR was programmed for 50 cycles consisting of 30s denaturation at 94°C, 30s annealing at
37°C and 60s elongation at 72°C. After the final cycle, samples were incubated for 10 min at 72°C and
held at 4°C prior to analysis.



Gel Electrophoresis
An aliquots (25ul) of the reaction were loaded into 2% agarose gels with a TAE running buffer

(40mM Tris-acetate, lmM EDTA, pH 8.0). Amplified DNA fragments were separated by
electrophoresis on the 2% agarose gel and lOObp DNA ladder (Promega, USA) was used to determine
the size of the fragments. Gels were stained with ethidium bromide (0.3ug/ml), visualized on a UV
transilluminator and documented with Polaroid® camera.

Results and Discussions

The CTAB method produced high yield with DNA concentration ranging from 100-200ng/ul for all
samples. The DNA samples were free from RNA and no smearing was observed when electrophoresed
on 1'% agarose gel. The sharp DNA bands observed indicate that the samples are not degraded and the
quality is good for PCR analysis.

Figure 2,3, 4 and 5 show the RAPD analysis using single primer OPA-03, OPA-04, OPA-11 and
OPA-13 respectively. Primer OPA-03 generated more than four strongly amplified bands with size
ranged between 500bp to lKbp. A band with the size of 500bp was observed in non-irradiated Pisang
Berangan and the mutant lines, but absent in Pisang Mas. Primer OPA-03 failed to detect any
polymorphism between the mutants and the control.

Figure 2. RAPD using single primer OPA-03
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Primer = OPA-03 (5'-GTCAGCCAC-3')

1 = Pisang Mas

2 = Pisang Berangan
(Non-irradiated Control)

3 = MB96-1
4 = MB96-2
5 = MB96-3
6 = MB96-4
7 = Control Primer

Primer OPA-04 has generated a few bands that were present in Pisang Mas, Pisang Berangan as
well as in the mutant lines as shown in Figure 3. More than four bands were observed but no
polymorphism between non-irradiated Pisang Berangan and MB96 was detected with this primer.

RAPD profile of primer OPA-11 also produced several amplified bands (Figure 4). However these
bands were observed in all samples. No polymorphic band was detected between non-irradiated Pisang
berangan and the mutant lines.



Figure 3. RAPD using single primer OPA-04
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Primer = OPA-04 (5'-AATCGGGCTG-3')

1 = Control Primer

2 = Pisang Mas

3 = Pisang Berangan
(Non-irradiated Control)
4 = MB96-1
5 = MB96-2
6 = MB96-3
7 = MB96-4

Figure 4. RAPD using single primer OPA-11
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A strongly amplified band were observed using primer OPA-13 (Figure 5). This primer also
generated a few weak signal bands. No polymorphic band detected between control and mutants.



Figure 5. RAPD using single primer OPA-13
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The four single primers screened were able to amplify banana DNA and showed polymorphisms
between different cultivars (Pisang Berangan & Pisang Mas). However, no polymorphism was detected
between the Pisang Berangan control and MB-96 or in between the mutant plants micropropagated
from the MB-96. Thus different sets of primer combinations were used for further DNA amplifications.

- The five combinations of duplex arbitrary lObp primers ured in this experiment were CS16-11 &
CS17-89, CS17-87 & CS17-94, CS16-10 & CS17-94, CS16-03 & CS16-09, and CS16-10 & CS16-93.
For primer combination CS16-11 & CS17-89, a polymorphic fragment of 650bp was detected between
Pisang Mas and Pisang Berangan. However, other primer combinations failed to detect polymorphic
band between non-irradiated Pisang Berangan and the mutant lines.

Figure 6. RAPD using duplex primer combination CS16-11 & CS 17-89
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Primer = CS16-11 & CS17-89 (5'-CGGCCACTAT-3'& 5'-TCGGATACGA-3')



Similar results were obtained by the duplex primer combinations. This may indicate that the
changes caused by the irradiation were too small to be detected by RAPD analysis. The results also
produced a few amplified DNA fragments from all analysis. This could be due to the primer used are
not suitable or the PCR condition was not optimum.

Conclusion

The primers used for RAPD analysis were able to detect polymorphism between different cultivars.
However, no polymorphism was detected between the mutant lines and non-irradiated Pisang Berangan
control. Primers containing different combination of oligonucleotides should be considered. Further
attempt to detect polymorphism using AFLP technique will be carried out as it has been reported to be
more sensitive than other approaches.
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