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ABSTRACT

Genetic diversity was studied among 28 landraces of banana collected from traditional farming areas of North Bengal and North East
India using Random Amplified Polymorphic DNA (RAPD) markers. Evaluation of genetic diversity is essential for conservation and
management and to trace hybrids as well as duplicate entries. The PCR products produced by 10 polymorphic primers revealed 66 bands,
55 of which were polymorphic (72.7%). A dendogram was constructed based on Dice’s coefficient matrix by unweighted pair-group mean
analysis (UPGMA) using NTSYS-PC, which reveal two major groups of banana: plains (North Bengal) and high hills (Arunachal Pradesh
and Sikkim). The extent of variability was 86.96% and the average inter- and intra-population variability ranged from 45 to 52%. A
resemblance matrix was developed using SMC, which was used with NTSYS to compute cluster analysis. To the best of our knowledge,

this is the first attempt to assess genetic diversity of banana from North East India.

Keywords: genetic variation, germplasm collection, multivariate analysis, molecular marker
Abbreviations: NTSYS, numerical taxonomy system; PCR, polymerase chain reaction, RAPD, random amplified polymorphic DNA;

UPGMA, unweighted pair group method with arithmetic mean

INTRODUCTION

The genus Musa is a member of the family Musaceae. The
number of species within Musa lies between 30 and 40
(Simmonds 1995). Cheesman (1947) proposed a classifica-
tion of the genus Musa into four sections: Eumusa, Rhodo-
chlamys, Australimusa and Callimusa. Cheesman’s classifi-
cation of Musa provided general knowledge of the taxo-
nomy and was used for nearly 50 years without any signi-
ficant changes (De Langhe 2000). Later various changes
and some major and minor regroupings of the classification
of Musa were suggested by Wong et al. (2002).

Edible banana originated in South-East Asia, including
India (Uma et al. 2005). It was simultaneously introduced
into other continents also (Simmonds 1995). However,
plants are mainly distributed on the margins of tropical rain-
forests (Wong et al. 2002). The green mountains of the
Himalayas in North East India lie between 23° 3’ N and 28°
N, 88° 3" E and 95° E. This region is highly species-rich
and is considered one of the 25 biodiversity hotspots of the
world (Tandon et al. 2009). Banana and plantains (Musa
spp.) originated from intra- or interspecific crosses of two
wild diploid species, Musa acuminata and Musa balbisiana.
These two species of Musa contribute the A and B genome,
respectively (Simmonds 1995). Evolution in Musa further
occurred through polyploidization and the accumulation of
somatic mutations (Stover and Simmonds 1987). Therefore,
most commercial bananas can present different genomic
combinations such as AA, AB, AAA, AAB, ABB, AAAA,
AAAB, AABB, and ABBB. It is well known that bananas
and plantains have a basic chromosome number of x = 11,
with 22 (diploid), 33 (triploid), 44 (tetraploid) chromo-
somes (Stover and Simmonds 1987). Further, in India there
is a wide range of B-rich genomes (AB, AAB, ABB, and
ABBB) and a great diversity of the B genome (BB) (Uma et
al. 2005).

Because of the limitations of morphological and bioche-
mical markers, efforts are being directed to use molecular
markers for characterizing germplasm diversity. Molecular
markers have demonstrated a potential to detect genetic
diversity and to aid in the management of plant genetic
resources (Virak et al. 2000; Song et al. 2003). In contrast
to morphological traits, molecular markers can reveal dif-
ferences among genotypes at the DNA level, providing a
more direct, reliable and efficient tool for germplasm cha-
racterization, conservation and management. Several types
of molecular markers are available today to characterize
Musa groups, including those based on restriction fragment
length polymorphism (RFLP) (Jarret ef al. 1992; Bhat et al.
1995), random amplified polymorphic DNA (RAPD)
(Howell et al. 1994; Bhat et al. 1995; Ongusa et al. 2004;
Agoreyo et al. 2008), amplified fragment length polymor-
phism (AFLP) (Loh et al. 2000; Ude et al. 2002), simple
sequence repeats (SSRs) (Ge et al. 2005) and variable num-
ber tandem repeats (VNTRs) (Kaemmer ef al. 1993). How-
ever, the RAPD method of DNA fingerprinting is widely
used in conservation biology because of quick results, cost-
effectiveness and reproducibility (Williams et al. 1993).
Morphological, biochemical and RAPD analyses have been
carried out by several researchers for the evaluation of
genetic diversity in banana (Bhat and Jarret 1995; Pillay et
al. 2001).

Therefore the objective in our present study was to
develop genetic fingerprints of Musa cultivars of North
Bengal as well as the North-Eastern part of India. To the
best of our knowledge, no molecular characterization has
been conducted to assess the genetic variation of Musa spp.
in these areas.
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Table 1 Banana landraces used in the present study.

Accession Ne Local name Altitude m Place of collection Mean latitude Mean longitude
Bl Sikkim local 1 1547 Sikkim 27°20'N 88°37'E
B2 Sikkim local 2 1547 Sikkim 27°20'N 88°37'E
B3 Sikkim Local 3 1547 Sikkim 27°20'N 88°37'E
B4 Sikkim local 4 1547 Sikkim 27°20'N 88°37'E
B5 Mungray 1547 Sikkim 27°20'N 88°37'E
B6 Sikkim local 5 1547 Sikkim 27°20'N 88°37'E
B7 Ghusharay 1547 Sikkim 27°20'N 88°37'E
B8 Bucharay 35 North Bengal 26°22'N 89°29'E
B9 Chinichamp 1 35 North Bengal 26°22'N 89°29'E
B10 Jhaichamp 1547 Sikkim 27°20'N 88°37'E
B11 Kaburay 1547 Sikkim 27°20'N 88°37'E
B12 Darjeeling local 1 2134 North Bengal 27°03'N 88°03'E
B13 Darjeeling local 2 2134 North Bengal 27°03'N 88°03'E
B14 Gros Michel 750 Arunachal Pradesh 28°00' N 95°00'E
BIS Hathidat 850 Arunachal Pradesh 28°00" N 95°00'E
B16 Arunachal local 956 Arunachal Pradesh 28°00" N 95°00'E
B17 Thorchara 35 North Bengal 26°22'N 89°29'E
B18 Cooch Behar local 1 35 North Bengal 26°22'N 89°29'E
B19 Cooch Behar local 2 35 North Bengal 26°22'N 89°29'E
B20 Bichi Kala 35 North Bengal 26°22'N 89°29'E
B21 Bichi kala type 2 35 North Bengal 26°22'N 89°29"E
B22 Cooch Behar local 3 35 North Bengal 26°22'N 89°29'E
B23 Kachkala 35 North Bengal 26°22' N 89°29'E
B24 Manua 35 North Bengal 26°22'N 89°29'E
B25 Assami manua 55 North Bengal 26°22' N 89°29'E
B26 Chang manua 35 North Bengal 26°22'N 89°29'E
B27 Malbhog 35 North Bengal 26°22'N 89°29'E
B28 Chini champa 2 35 North Bengal 26°22' N 89°29'E

MATERIALS AND METHODS
Plant materials

Detailed information of plant materials and their place of col-
lection are listed in Table 1. An extensive field survey was carried
out in the traditional farming villages of North Bengal and North-
East India (Sikkim, Arunachal Pradesh). North Bengal lies in the
Northern half of West Bengal and encircled by international
boundaries of Nepal, Bhutan and Bangladesh. It offers a unique
combination of high mountainous region in the north to the vast
Gangetic plains in the extreme South. Sikkim is placed between
27° 5" N to 20° 9' N (latitude) and 87° 59" E to 88° 56’ E (longi-
tude) whereas Arunachal Pradesh (26° 30’ N to 29° 30" N latitude;
91° 30" E to 97° 30" E longitude) is the extreme North-East state of
India, which is situated in the foothills of the Himalayas. Based on
the morphological study 28 ex situ accessions were collected from
these regions. These accessions numbers are represented by using
the symbols B1 to B28 in Table 1. Corresponding local names are
also documented in column 2. Germplasm in the form of plants
were maintained in the Experimental Farm at Uttar Banga Krishi
Viswavidalaya, West Bengal, India. The young leaves were col-
lected from tagged plants in a polythene bag and stored at -80°C in
the laboratory, till further processing for DNA extraction.

DNA isolation and primer screening

The DNA was isolated by following the cetyl tri-methylam-
monium bromide (CTAB) method as explained here. Around 100
mg of tissue was powdered in liquid nitrogen with a pre-chilled
mortar and pestle. The powder was immediately transferred to an
Eppendorf tube (1.5 ml) containing 700 pl of fresh extraction
buffer (100 mM Tris Hel, pH 8.0; 20 mM EDTA pH 8.0; 1.4 M
NaCl), 2% CTAB (w/v), 2 ul of B-marcaptoethanol, and 1% PVP
(w/v) (MW 40,000) (Bangalore Genei). The solution was tho-
roughly mixed by a vortex mixer (Bangalore Genei). The samples
along with DNA extraction buffer were incubated at 65°C for 45
min with slow shaking after 15 min intervals. An equal volume of
chloroform: isoamylalcohol (24: 1, v/v) (Himedia) was added to
the extract prior to centrifugation (Eppendorf, USA) at 14,000 rpm
for 10 min at room temperature (RT). Further, an equal volume of
isopropanol (Himedia) and 1/10™ volume of sodium acetate (Hi-
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media) was mixed to the supernatant and consequently incubated
at 14,000 rpm for 15 min at RT. Supernatant was poured off care-
fully to avoid loosing the DNA pellet. The pellet was washed with
70% ethanol (Himedia) at 14,000 rpm for 2 min and ethanol was
pour off watchfully. Afterwards, the tube was air dried and DNA
was dissolved with Tris-EDTA buffer (Himedia). The DNA quality
and quantity were evaluated spectrophotometrically at ODag/280 nm
and by visual assessment of band intensities on a 0.8% agarose gel
in comparison to Lambda DNA marker (Himedia). Initial screen-
ing was done with 40 primers (Operon Technologies Inc., CA,
USA) using DNA as template from 5 different landraces. PCR
(polymerase chain reaction)-RAPD analysis was repeated at least
twice to identify primers that could produce strong and reproduci-
ble bands. We observed that among the 40 primers only 10 pro-
duced strong and reproducible bands. Accordingly those 10 pri-
mers were used in the final analysis for all 28 landraces. Band
profiles were scored manually and compiled into a rectangular
binary matrix (not shown). Positive amplifications were treated as
separate characters and scored for the presence (1) or absence (0)
of bands (Fig. 1). Only intensely stained, unambiguous bands were
scored.

Polymerase chain reaction

DNA amplification was performed in a thermal cycler (BioRad,
USA). The PCR reaction was carried out in a final volume of 25 pl
reaction mixture which contained 1X PCR buffer (1x 7ag DNA
polymerase buffer (10 mM Tris-HCI (pH 9.0), 50 mM KCl, 1.5
mm MgCl,, 0.01% gelatin), 100 uM each of dNTPs (Bangalore
Genei), 5 pM primer, 20 ng of genomic DNA and 0.3 U of Taq
DNA polymerase (Bangalore Genei). PCR was performed with the
following temperature regime: An initial one cycle of 5 min at
94°C, followed by 35 cycles each of 1 min at 94°C, 1 min at 36°C
and 2 min at 72°C. The final extension step was programmed at
72°C for 7 min. Reactions were held indefinitely at 4°C. This pro-
cedure was repeated at least twice to check reproducibility. A 20 pl
sample of each reaction mixture was then subjected to 1.4% aga-
rose gel electrophoresis and stained with ethidium bromide (Hime-
dia). A 1 kb ladder (Bangalore Genei) was used as the DNA mar-
ker and the amplified fragments were visualised under ultra violet
(UV) light and recorded on a gel documentation system (BioRad).
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Fig. 1 Amplification of genomic DNA from Musa land races with primers OPA 2 (top) and OPA 3 (bottom). M = 1 kb ladder; B1-B28 are different

land races mentioned in Table 1.

Data analysis

The percentage of polymorphism was calculated as the proportion
of polymorphic bands over the total number of bands. Although
visualization of DNA fragments with different sizes on the agarose
gel did not exclude the possibility that some might contain homo-
logous DNA sequences. For the purpose of data analysis indivi-
dual primer-specific amplification products were considered to
represent the dominant allele at a unique RAPD locus.

The degree of polymorphism was quantified by using Shan-
non’s index (Shannon and Weaver 1963) of phenotypic diversity:

H() =- Zni In T
where m; is the frequency of phenotype i (King and Schaal 1989)
and n is the number of populations. Therefore, H, can be calcu-
lated and compared for different populations.

Let

Hpp = I/n X H, be the average diversity over n different
populations and let Hy, = -X nln 7 be the diversity calculated from
phenotypic frequencies 7 in all the populations considered together.
Then the proportion of diversity present within populations
(Hpop/Hgp) can be compared with that between populations {(Hgpy-
Hpop)/ Hsp}'

Estimates of similarity between genotypes were based on the
probability that an amplified fragment from one accession will
also be present in another (Nei and Li 1979).

Dyg = 2 X number of shared bands/(number of fragments, +
number of fragmentsg)

RESULTS AND DISCUSSION

The PCR-RAPD patterns of DNA extracted from 28 Musa
landraces were examined. In the beginning of our experi-
ment, 40 10-mer primers (Operon Technologies Inc., CA,
USA) from Kits A and E were screened to study the robust-
ness of amplification, reproducibility, and scorability of
banding patterns. These primers yielded more than 135 sco-
rable polymorphic bands although only 10 gave reprodu-
cible product formation, and these were finally selected for
diversity analysis in all landraces. These primers (Table 3)
generated 66 amplification products, 55 bands (72.7%) of
which were polymorphic. The number of bands per primer
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Table 2 Distribution of amplified fragments in Musa spp*.

Parameters Values

Total No. of primer screened 40

Number of primers producing polymorphism 10

Total No. of loci scored 66

Total No. of polymorphic loci 55

Size of amplified band 300 bp — 1 kb
Average No. of polymorphic bands per primer 5.5
Percentage of total bands which are polymorphic 72.7

* Data pooled from studies on 28 individuals from North Bengal and some parts
of North Eastern India.

varied between 3 (OPA 01, OPE 05) and 14 (OPA 02), with
an average of 6.6 bands per primer. However, the range of
polymorphic bands per primer was 1 (OPE 05, OPE 06) to
14 (OPA 14), with a mean of 5.5 polymorphic bands per
primer (Table 3). The representative RAPD patterns gene-
rated by primers OPA 02 and OPA 03 for 28 landraces are
illustrated in Fig. 1.

Similar studies have also been conducted by others. For
example, Bhat and Jarret (1995) evaluated genetic diversity
in 57 accessions of Indian Musa by RAPD. They screened
60 random primers but only 49 gave reproducible DNA am-
plification products. The number of bands per amplification
varied from 1 to 24. Uma et al. (2006) also studied the
interspecific relationship of wild Musa balbisiana Colla by
RAPD markers. Sixteen accessions of wild banana from
different regions of India were collected and 80 primers
were initially tested for amplification. However, 34 primers
produced reproducible bands, 4 of which gave more than 5
polymorphic bands. In another investigation 21 commercial
banana cultivars of South India were examined through
RAPD analysis (Venkatachalam ez al. 2008). In that study
out of 75 primers only 50 produced robust amplification
products. Similarly, genetic relationships between 20 selec-
ted banana cultivars were studied in Kenya by Ongusa et al.
(2004). In that work 25 random primers were used to ob-
serve banding patterns, although only 19 primers were in-
cluded in the statistical analysis for the purpose of charac-
terization.
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Table 3 Number of amplification products generated with most 10 polymorphic primers.

Primer code Sequence Total Ne of Polymorphic bands* Polymorphism % of Polymorphism % of Polymorphism % of
5'— 3’ bands Sikkim North Bengal Arunachal Pradesh

OPA-01 CAGGCCCTTC 3 2 (66.6) 2 2 1

OPA-02 TGCCGAGCTG 14 14 (100.0) 9 7 3

OPA-03 AGTCAGCCAC 12 11 (91.6) 5 7 2

OPA-13 CAGCACCCAC 5 3 (60.0) 3 3 0

OPE-04 GAGACATGCC 8 8 (100.0) 6 4 3

OPE-05 TCAGGGAGGT 3 1(33.3) 2 2 0

OPE-06 AAGACCCCTC 4 1(25.0) 2 3 1

OPE-09 CTTCACCCGA 4 2 (50.0) 3 2 2

OPE-16 GGTGACTGTG 8 8 (100.0) 7 5 1

OPE-20 AACGGTGACC 5 5(100.0) 4 4 2

Total 66 55(72.7) 43 39 15

Mean per primer 6.6 5.5 65.15% 59.09% 22.73%

*Data in parenthesis represent % of product detecting polymorphism

Table 4 Estimates of genetic diversity (Hy) within three population.

Table 5 Partitioning of genetic diversity into within and between

Primers Sikkim North Bengal Arunachal Pradesh populations for 10 primers.

OPA-01 0.43 0.65 0.28 Primers  Hj, Hyop Hyo/Hy, (Hy-Hpop)/Hsp

OPA-02 0.80 0.95 0.28 OPA-01 0.85 0.39 0.45 0.54

OPA-03 0.60 0.72 0.28 OPA-02 0.93 0.54 0.58 0.41

OPA-13 0.66 0.79 0.28 OPA-03 0.91 0.48 0.52 0.47

OPE-04 0.44 0.56 0.28 OPA-13 0.86 0.45 0.52 0.47

OPE-05 0.54 0.62 0.28 OPE-04 0.80 0.37 0.46 0.51

OPE-06 0.47 0.58 0.28 OPE-05 0.75 0.42 0.56 0.44

OPE-09 041 0.52 0.28 OPE-06 0.85 0.41 0.48 0.51

OPE-16 0.65 0.77 0.28 OPE-09 0.78 0.37 0.47 0.52

OPE-20 0.56 0.68 0.28 OPE-16 0.83 0.48 0.57 0.42

Average 0.55 0.68 0.28 OPE-20 0.79 0.42 0.53 0.46
Average 0.83 0.43 0.51 0.48

Table 6 Similarity Index based on Nei’s estimates of similarity of 28 landraces of Musa spp.

Landraces

Bl 1.00

B2 1.00 1.00

B3 0.68 0.68 1.00

B4 0.50 0.50 0.60 1.00

B5 072 072 096 057 1.00

B6 0.66 0.66 0.69 0.43 0.72 1.00

B7 071 071 081 0.62 0.78 0.66 1.00

B8 0.51 051 040 045 039 041 046 1.00

B9 041 041 0.60 045 058 050 0.62 048 1.00

BI0 0.63 0.63 052 036 055 069 0.63 047 047 1.00

BIl 046 046 0.55 034 053 037 051 037 053 042 1.00

B12 0.61 0.61 0.53 050 051 044 055 058 058 045 0.52 1.00

BI3 0.55 055 0.53 044 051 048 055 0.46 051 050 041 0.62 1.00

Bl4 0.67 0.67 0.60 0.43 0.63 059 0.67 0.50 045 0.65 0.50 053 053 1.00

B15 0.65 0.65 0.54 037 057 062 0.60 040 036 0.73 040 046 047 0.83 1.00

B16 0.68 0.68 0.57 040 0.60 0.64 0.63 047 042 071 047 054 054 093 090 1.00

B17 0.58 0.58 0.56 048 054 051 058 055 055 052 055 072 0.64 055 050 0.57 1.00

BI8 0.60 0.60 0.58 050 0.56 048 0.60 0.51 057 0.50 0.57 075 0.60 052 047 0.54 096 1.00

B19 0.50 0.50 0.53 056 0.51 040 055 051 051 050 051 056 044 048 038 045 0.64 0.66 1.00

B20 0.54 054 048 040 051 048 050 0.62 051 058 046 050 045 052 047 054 067 0.64 0.65 1.00

B21 032 032 035 033 037 033 032 045 040 037 036 034 024 035 028 034 042 040 053 0.67 1.00

B22 0.54 054 048 035 051 048 050 046 051 058 051 055 045 052 047 0.54 067 0.64 0.65 0.80 0.67 1.00

B23 041 041 048 040 047 041 050 051 046 046 046 045 0.60 044 036 042 057 054 050 050 040 0.50 1.00

B24 029 029 036 030 035 037 037 046 046 042 041 044 036 048 043 050 053 050 050 059 053 0.54 045 1.00

B25 039 039 038 023 037 039 039 040 044 044 055 053 048 047 041 048 062 058 048 058 046 0.68 048 0.64 1.00

B26 037 037 040 034 038 037 041 051 051 045 041 055 045 040 035 042 063 060 055 070 0.63 070 0.54 071 0.64 1.00

B27 048 048 051 048 050 043 053 055 0.55 048 050 0.66 048 047 041 048 074 076 072 0.68 051 0.63 053 0.64 062 0.76 1.00

B28 041 041 045 040 043 037 046 048 053 042 048 0.65 041 041 036 042 066 0.69 0.64 0.67 055 0.67 046 0.69 0.68 0.83 090 1.00

landraces Bl B2 B3 B4 B5 B6 B7 B8 B9 BI0O BIl BI2 BI3 Bl4 BI5 Bl6 BI7 BI8 BI9 B20 B2l B22 B23 B24 B25 B26 B27 B28

The number of individual samples considered in this
study might not truly represent the total available diversity
of Musa of this region; nevertheless, the percentage of
polymorphic bands (72.7%) (Table 2) of RAPD marker in
the species was higher than some other plants such as
Changium smyrnioides (69%) (Fu et al. 2003), Lactoris
fernandeziana (24.5%) (Brauner et al. 1992), or Cathaya
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argyrophylla (32%) (Wang et al. 1996). This numerical
value also suggests that species genetic diversity was high
and hence enables it to adapt environmental variations. This
study also demonstrated that the Sikkim populations are
sufficiently diverse accounting for 65.15% of the total vari-
ation observed. The low percentage of variation (59.09 and
22.73%) detected in the North Bengal and Arunachal Pra-
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Fig. 2 Dendrogram of different land races of Musa based on average linkage cluster analysis.

desh populations, respectively could be attributed to a very
limited number of samples (Table 3). Although, the reason
for lower variation among the Arunachal Pradesh popula-
tions is unknown to us at present, yet, it may be attributed
to vegetative propagation, which happens to be the only
method of reproduction.

The phenotypic frequencies detected within the 10 pri-
mers were calculated and used to estimate diversity (Hy)
within population types. The population of Arunachal Pra-
desh exhibited the lowest within-population variability due
to the smallest population size which seemed to affect H,
(Table 4). However, both North Bengal and Sikkim popula-
tions showed higher variability. Shanon’s index of pheno-
typic diversity was then used to partition the diversity into
within and between population components (Table 5). On
average the proportion of diversity present within popula-
tion (H,op/Hyp) Was 51% compared to the between-popula-
tion diversity {(Hy-Hpop)/Hyp)}, which was 48%. However,
the primers differed in their capacity to detect within and
between population variability. Primers OPA-02 and OPA-
01 detected the maximum of 58 and 54% within and bet-
ween population diversity.

Analysis of genetic similarity value (Table 6) revealed
that — except for B1 and B2 — no two genotypes were iden-
tical and that the highest degree of genetic similarity (96%)
was recorded in varieties B3, B5 of Cluster I and B17, B18
of Cluster II. Both B1 and B2 genotypes are from the same
geographical location (i.e., East Sikkim), which may be a
potential reason for such a high degree of similarity and a
typical case of duplicate entries. On the other hand, B4
(Sikkim) and B25 (North Bengal) showed a very low simi-
larity value of 23%, (i.e., high degree of dissimilarity)
which is in broad agreement with the geographical distribu-
tion of these two genotypes. Moreover, this can be attrib-
uted to the broad genetic base in the origin of the species.
This similarity coefficient values of banana in this study are
higher or in the same range with respect to other reported
species such as Panax ginseng (19.7-49.1%) (Um et al.
2001), Poa trivialis (7-74%) (Rajasekar et al. 2006), Rho-
dodendron sp (26.2-90.6%) (Lanying et al. 2008), Lathyrus
sativus (13-66%) (Sedehi ef al. 2008), common bean (19-
91%) (Tiwari et al. 2005), Ensete ventricosum (16-85%)
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(Birmeta ef al. 2002).

The degree of polymorphism revealed in 3 populations
by amplification with arbitrary primers is extensive. The
degree of polymorphism in this study may be due to the
wide geographical origin of the genotypes. A dendrogram
constructed on the basis of shared fragments revealed the
broad existence of three clusters (Fig. 2). Cluster I or Sik-
kim and Arunachal Pradesh was linked to cluster I or North
Bengal at low similarity coefficient of 53%. In general the
clustering concurs with the place of collection of different
genotypes. It also reveals that Bl and B2 are same geno-
types as revealed by their similarity coefficient as 100%.
Essentially little morphological variation between them
misled us to treat them as different landraces. On the con-
trary, the genotype B11 alone made a separate cluster III.

CONCLUSIONS

The present study addresses the utility of RAPD markers in
revealing genetic relationships at molecular level among
landraces of Musa spp. of North Bengal as well as North
Eastern part of India. The RAPD polymorphism may be
attributed to the outcome of a nucleotide change that alters
the prime-binding site or an insertion or deletion within the
amplified region (Willams et al. 1993). The RAPD markers
were able to distinguish groups among the banana cultivars
in different clusters. The polymorphism revealed by RAPD
has been problematic due to their dominance. As hetero-
zygotes are not normally detectable, the results are not
readily usable for computing Hardy-Weinberg equilibrium
or Nei’s standard genetic distance (Lynch and Milligan
1994). The level of polymorphism observed in the present
study was moderately high, indicating a wide and diverse
genetic base for the banana landraces in North-Eastern part
of India. The 72.7% RAPD polymorphic bands suggest that
banana landraces maintain a higher intra-specific genetic
diversity of North-East India. The conventional classifica-
tion of banana genotypes into distinct genome combinations
is based on their morphological similarity to M. acuminata
Colla or M. balisiana Colla. The landraces which were tes-
ted in this study did not cluster accordingly to their hypo-
thetical genetic homologies. However, cultivars with two



Bioremediation, Biodiversity and Bioavailability 4 (Special Issue 1), 93-98 ©2010 Global Science Books

different genotypes (Chinichampa AB and Malbhog AAB)
clustered together. The difficulty faced in the identification
of banana cultivars, which are mostly sterile, therefore
highlights the need for a DNA marker system for classifica-
tion (Loh ef al. 2000). The DNA fingerprinting pattern
would help in the identification of duplications among
accessions in the field.
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