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Abstract

Twenty accessions of the sparsely cultivated diploid Musa cultivars Matti (AA) and Rasakadali (AB) were subjected to
random amplified polymorphic DNA (RAPD) assay. A total of 14 random primers were used for the estimation of inter-
and intracultivar variations. Out of 86 bands generated, 64 were polymorphic (74.4 % polymorphism). The cluster
analysis grouped the cultivars into two major clusters: cluster I with 10 accessions of Matti and 2 of Rasakadali and
cluster II comprising the remaining 8 accessions of Rasakadali. The coefficient of genetic similarity (GS) was from
0.73 to 0.99, suggesting low level of intercultivar variation. The accessions of Rasakadali with mean GS of 0.89 were

genetically more diverse than those of Matti (GS = 0.93).

Additional key words: banana, genetic similarity coefficient, UPGMA phenogram.

Diversity within the cultivars of banana, which consist
mainly of diploids, is complex with combinations of
different degrees of expression of the parental species.
Among the various marker systems used to identify
cultivars, the random amplified polymorphic DNA
(RAPD) is capable of characterizing the cultivars,
varieties and intergeneric genome analysis (Padmesh
et al. 2006, Zhang and Zhou 2009). Biochemical markers
like isozymes and molecular markers like RFLP are also
reported to offer quick, easy and reliable system for
classification and identification of cultivars (Bhat et al.
1992). RAPD markers are detected by the use of short
oligonucleotides of arbitrary sequence as primers for the
amplification of segments of the target genome.
Generally, 10-mer primers with 50 - 80 % G+C content
are preferred. However, complex banding patterns were
also generated with primers as short as 5 bases (Caetano-
Anolles et al. 1991). There are few reports on the use of
long primers (over 12 bases) (Rafalski et al. 1991).
Amplified fragments within the 0.5 - 5.0 kb range are
separated by gel electrophoresis and polymorphisms are
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detected as the presence or absence of bands of particular
size. These polymorphisms are considered to be primarily
due to variation in the primer annealing sites (Bhat and
Jarret 1995). The RAPD technique has been widely used
in bananas for the construction of genetic maps of the
species (Faure et al. 1993) for genotype identification and
taxonomic studies (Castiglione et al. 1993) in
distinguishing diverse Musa germplasm (Kaemmer et al.
1992, Howell et al. 1994, Bhat and Jarret 1995). The
present study was carried out to find possible genotypic
differences within selected banana cultivars if any, as
they exhibit considerable phenotypic changes.

Accessions of two elite South Indian diploid Musa
cultivars Matti and Rasakadali used in the present
investigation were collected from plantations of
Kanyakumari district of Tamil Nadu and Thiruvanatha-
puram district of Kerala. Total DNA was isolated from
fresh leaves of 22 accessions (11 from each cultivar)
following modified Murray and Thompson method
(1980) using cetyltrimethylammonium bromide (CTAB).
After ethanol precipitation DNA was resuspended in

Abbreviations: RAPD - random amplified polymorphic DNA; UPGMA - unwighed pair-group method analysis.

Acknowledgements: The authors are highly indebted to Kerala State Council for Science Technology and Environment (KSCSTE) for
their financial assistance and to Mr.Gireeshkumar and Mr. K.Gopakumar for their technical assistance.

* Corresponding author; fax: (+91) 472 2869646 , e-mail: padmeshpad@rediffmail.com

711



P. PADMESH et al.

0.1 cm’ of 1x TE buffer (pH 8.0). The DNA was quanti-
fied spectrophotometrically by taking the absorbance at
260 nm. RAPD assay was carried out in 0.025 cm’
reaction mixture containing 0.2 mM dNTP's, 10 mM Tris-
HCL, 1.5 mM MgCl,, 50 mM KCl, 0.1 % Triton X-100,
1.0 U Taq DNA polymerase (Finnzymes, Helsinki,
Finland), 15 pmol primers from kit ‘C’ (/DT, Coraville,
USA) and 50 ng of genomic DNA. PCR amplification
was performed in a thermal cycler (MJ Research PTC-100,
Watertown, USA). After the initial cycle of 2 min at
94 °C, 2 min at 36 °C and 2 min at 72 °C, 38 cycles of
1 min at 94 °C, 1 min at 36 °C and 2 min at 72 °C were
performed. The last cycle was followed by 7 min
extension at 72 °C. Reaction mixture wherein template
DNA replaced by distilled water was used as negative
control. Amplified products were resolved in 1.4 %
agarose gel (1x TBE) followed by EtBr staining.
Amplification with each random primer (Table 1) was
repeated 3 times and those primers that produced
reproducible and consistent bands were selected for data

Table 1. List of primers and its sequence used for RAPD
analysis.

Primer  Primer sequence 5'—3' Number of Number of
bands polymorphic
bands
Co65 GAT GAC CGCC 13 9
C66 GAA CGG ACTC 4 3
Co67 GTC CCG ACG A 4 3
C68 TGG ACC GGT G 11 9
C69 CTC ACCGTCC 4 4
C70 TGT CTG GGT G 7 7
C71 AAA GCT GCG G 7 6
C74 TGC GTGCTTG 4 2
C76 CACACTCCAG 8 7
C77 TTC CCC CCA G 6 5
C78 TGA GTG GGT G 3 0
C79 GTT GCC AGC C 4 3
C80 ACTTCG CCA C 8 4
Col TTC GAG CCA G 3 2

1 2 3 4 5 6 7 8 9 10 1

generation. Reproducible RAPD products were scored
against the presence (+) or absence (-) of a fragment.
Bands of equal molecular mass and mobility generated by
the same primer were considered as of identical locus.
The distance matrix was formulated by Nei's genetic
distance analysis method (1972) using the Popgene
software version 3.5 and the phenogram constructed
using UPGMA with the software Popgene version [.32.
The normalized statistic methods of Nei were taken for
determining the level of association between the matrices.

Out of 86 bands generated, 64 were polymorphic
(74.4 % polymorphism). On an average, the primers
generated 6.1 products and 4.6 polymorphisms per
primer. The number of bands generated by these arbitrary
10-mer primers was 3 - 13 with primer C65 giving the
maximum while primers C61 and C78 giving the mini-
mum number of amplicons. The number of amplicons so
generated can be arbitrarily grouped under 3-band
classes: 3 - 4,6 - 7 and 8 - 13. The primers C61, 78, 74,
69, 67 and C66 produced lower numbers of bands while a
higher number of products were produced by primers
C65, 68, 70, 71, 76 and 80. Interestingly, primers C69
and C70 produced 100 % polymorphism and primer C78
produced all monomorphic bands across the accessions.
A representative RAPD profile of the cultivars obtained
with primer C65 is shown in Fig. 1. The moderate levels
of polymorphism detected in the cultivars may be
attributed to the vegetative propagation. Although higher
levels of polymorphic bands are useful for easy and rapid
resolution of intervarietal variations and development of
cultivar specific markers, lower to moderate levels of
polymorphism contribute to accurate and reliable estima-
tion of genetic variability, thereby helping in defining the
nature of existing gene pools of the cultivars (Igbal et al.
1997). It has also been reported that banana genomes are
abundantly rich in dinucleate repeat motifs like (CA)n
and (AC)n when compared with other plant genomes and
hence a few tri- and tetranucleotide repeat anchored
primers will produce reproducible bands (Ray et al.
2006). Although 22 accessions were subjected to RAPD
analysis (11 from each cultivar), samples 3 and 13 were
consistent in giving no amplicons with any of the primers
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Fig. 1. RAPD profile of cultivars of Musa. Lanes 1 - 11: cv. Matti, 12 - 22 cv. Rasakadali.

712



GENETIC VARIABILITY IN DIPLOID BANANA CULTIVARS

Table 2. Similarity matrix of Musa cultivars analysed using Nei’s original measures of genetic identity (M - Matti, R - Rasakadali).

MI M2 M3 M M5 M6 M7 M8 M9 MI0O Rl R2 R3 R4 R5 R6 R7 R8 RY RIO
M1 1.00 098 0.94 095 093 095 098 096 0.99 093 096 0.89 098 091 0.92 090 0.88 0.87 0.86 0.78
M2 1.00 090 0.94 0.94 093 096 0.92 096 090 0.96 0.86 096 0.88 0.87 0.85 0.83 0.83 0.84 0.80
M3 1.00 0.89 0.90 094 092 094 092 096 0.89 0.84 093 0.87 0.88 091 0.83 0.82 0.89 0.77
M4 1.00 0.95 091 097 0.89 0.97 0.89 096 0.88 0.94 0.89 0.95 0.93 090 0.90 0.86 0.85
M5 1.00 094 095 086 095 0.95 094 083 092 0.86 0.88 0.91 0.83 0.83 0.87 0.86
M6 1.00 095 0.95 095 097 0.95 0.87 093 0.89 0.89 093 0.85 0.85 090 0.82
M7 1.00 095 0.99 094 096 0.88 095 090 0.93 0.90 0.88 0.89 0.87 0.79
M8 1.00 0.95 091 093 0.86 0.95 0.90 0.88 0.86 0.84 0.85 0.87 0.73
M9 1.00 093 0.96 0.88 0.96 0.89 0.92 090 0.88 0.89 0.87 0.78
M10 1.00 0.89 0.82 091 0.84 0.86 0.92 0.82 0.83 091 0.79
R1 1.00 0.88 0.96 092 092 0.89 0.87 0.87 0.88 0.84
R2 1.00 0.86 0.94 095 090 0.98 097 0.88 0.76
R3 1.00 091 0.89 0.87 0.85 0.83 0.86 0.78
R4 1.00 0.90 0.84 093 092 0.95 0.80
RS 1.00 0.96 0.97 096 0.85 0.78
R6 1.00 091 0.89 0.84 0.80
R7 1.00 0.97 0.88 0.76
R8 1.00 0.90 0.75
R9 1.00 0.82
R10 1.00

and therefore they were eliminated in the data scoring and
subsequent analysis step. However, the reproducibility of
RAPD profiles for the rest of the samples as observed in
the present study indicates genetic stability of the
cultivars. The coefficient of similarity value in terms of
genetic relatedness obtained from RAPD data analysis
was found to range from 0.73 to 0.99 with mean value of
GS = 091, suggesting low levels of intercultivar
variation. The cultivars of Rasakadali with mean GS of
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Fig. 2. UPGMA phenogram showing grouping between the two
diploid Musa cultivars.

0.89 is genetically more diverse than those of Matti with
mean value of GS = 0.93 (Table 2). It is expected as
Rasakadali with its characteristic AB genome is consi-
dered to be more diverse than the AA genome present in
Matti. It is reported that BB genome harbors many of the
agronomically important traits like tolerance to biotic
stress, resistance to pathogens, efc. (Morgante et al. 2002)
and therefore Rasakadali with AB heterozygous genome
type must have inherited some of the useful and diverse
traits of ancestral BB type and hence genetically more
diverse than homozygous AA genome type.

The phenogram obtained using cluster analysis
(Fig. 2) following the standard statistical procedure of
UPGMA grouped the cultivars into two major clusters.
Cluster I with a total number of 12 accessions had all the
10 accessions of Matti and 2 of Rasakadali while the
remaining 8 accessions of Rasakadali were grouped under
cluster II. As the samples were collected from different
plantations and the farmers were not able to ascertain the
pedigree of plant materials, it is rather difficult to
comment on the possible concordance/discordance rela-
tionship between the observed genetic relatedness with
geographical distribution of the accessions. However, it is
likely that grouping in these cultivars to a considerable
extent is in accordance with their geographical distri-
bution pattern, as selection of the accessions is not based
on any identified agronomical or morphological trait
shared by these accessions but on random basis. The
similarity matrix identified measures of genetic identity
between the cultivars.

The deviant Rasakadali accessions (11 and 13) placed
in cluster I along with Matti may be either due to residual
heterozygocity in ancestral materials or due to missing
data points in the analysis as the number of loci screened
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is relatively less. However, as reported by Vidhya et al.
(2002), comparative genome analysis will be more
effective and reliable if more regions of the genome are
scanned by way of using more number of primers either
in single or in combinations.

Musa with numerous cultivar groups and varieties has
wide geographical distribution particularly in the tropics
characterized by considerable ecological and morpholo-
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