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Abstract

Insufficient information on the diversity of plantain and its relationship with other Musa
species in the Musa genus has been cited as one of the major problems hindering genetic
improvement within the genus. Hence, this study aimed to assess genetic diversity
among plantain cultivars using RAPD markers. Fifteen plantain cultivars were deployed
for this study, comprising of ten landraces sourced from different parts of Edo state and
five hybrids from International Institute of Tropical Agriculture (IITA), Ibadan. The
study revealed a total number of 2 alleles across 4 RAPD primers analysed, effective
number of alleles (N,) ranged from 1.14-2.0, Nei's genetic distance (H) had a mean of
0.30. Polymorphic information content (PIC) ranged from 0.12 (OPT-07) to 0.23 (OPH-
06), 0.40 (OPT-01) and 0.46 (OPT-06), with a mean of 0.30, which indicated that markers
used were polymorphic. Dendrogram revealed 2 clusters; MP EKO and MP ACH both from
Edo state displayed genetic relatedness and were more related to MP No. 2 from IITA
than MP 07 FPT in the same cluster. The results suggest that though the hybrids have
been improved for special qualities, the landraces from Edo state could possess some

genes of interest in plantain breeding program.
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Introduction

Plantains and Bananas belong to the
Musaceae family. The cultivated varieties of Musa
species are major staple fruit crop in developing
countries (Swennen and Wilson, 1983). The
large diversity that occurs in plantain, due to
genetic variation formed through natural
hybridization and somatic mutation, has resulted
in a variety of cultivars. In Africa, one hundred
and sixteen plantain cultivars have been
identified and the number of plantain cultivars
has been reported to vary from country to
country (Swennen, 1990).

This Genetic variability in plants is
important in distinguishing between species,
subspecies and populations, and also for plant
conservation and management (Sen et al.,,

2010). Knowing and understanding the genetic
make-up of crops represents a great opportunity
not only to explain the functions of genes of
interest, but also to detect regions in the genome
that could present polymorphisms associated
with agronomic traits (Liu, 1997).

The advent of modern DNA technologies
and bioinformatics has aided sequencing and
assembly of genomes of economically important
crops (Feuillet et al., 2011). DNA marker
techniques have been widely used in Musa
genetics and in taxonomy, cultivar true to type
assessment and genetic linkage map
development. These approaches provide insight
into the plant genome and produced important
genetic data for breeders (Ortiz and Swennen,
2014).
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Randomly amplified polymorphic DNA
(RAPD) is a method that is inexpensive, rapid
and reliable for characterizing the crop genotype
(Jain et al., 2007). The molecular markers have
been used in Musa to elucidate the genome
composition (Pillay et al., 2000). Agoreyo et al.
(2008) reported genetic variability in plantain
cultivars from Nigeria and Jamaica using
arbitrarily primed PCR. They reported that the
Nigerian cultivars were placed in a distinct group
from the Jamaican cultivars.

Evaluation of genetic diversity and
genetic structure in crops has important
implications for plant breeding programs and the
conservation of genetic resources. Genomic
information sheds light on polymorphisms that
can be used in plant breeding programs (Kumar,
2010). Plantain landraces have broad genetic
base which have evolved to adapt to various
environments. Therefore the study was carried
out to determine the genetic diversity in plantain

Table 1: Accessions used in the study
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landraces.

Materials and methods
Plant materials

Fifteen genotypes of plantain (Musa, AAB
genome), which include 15 landraces collected
from some major plantain producing districts in
Edo State and 5 hybrids from the germplasm
collection of the International Institute of
Tropical Agriculture (IITA), Ibadan were used in
the study (Table 1). Leaf samples were obtained
from the genetic materials.

DNA extraction

Total genomic DNA was isolated from the
leaves of the plantain genotypes, according to
the modified mini-preparation proposed by
Dellaporta et al. (1983). Approximately 200 mg
(0.2 g) each of the samples was used for DNA
extraction. DNA quality and concentration were
assayed using a Nanodrop Spectrophotometer
(Thermo scientific, ND 1000
Spectrophotometer).

Accession Biological Status Collection Site
MP ACH Landrace Auchi
MP EKO Landrace Ekosodin
MP CGM EKO Landrace Ekosodmn
MP EKP Landrace Ekpoma
MP AUC TWN Landrace Auchi
MP DB FPT I.andrace [INTBEN
MP 07 FPT Landrace UNIBEN
MP 08 FPT Landrace UNIBEN
MP 09 FPT Landrace UNIBEN
MP 10 FPT Landrace UNIBEN
MP 5295-1 Hvbrid 1ITA
MP 16952 Hvbrid I1ITA

MP 1378 Hvbrid IITA
MP No. 2 Hvybrid ITTA

MP 4698-1 Hvbrid ITTA

Table 2: The RAPD primers used for PCR amplification

RAPD Primers Base Seauence

OPT - 01 5 —GGGCCACTCA-3’
OPT - 06 5 —CAAGGGCAGA-3
OPT - 07 5 —-GGCAGGCTGT- 3
OPH — 06 5 —ACGCATCGCA-3
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RAPD-PCR analysis

A total of ten (10) RAPD primers were
optimized of which four, OPT-01, OPT-06, OPT-
07 and OPH-06 with the most polymorphism
were used for PCR amplification (Table 2).

Data analysis

RAPD bands were scored as present (1)
or absent (0) and genetic analysis was based on
the scoring. The following were estimated using
the Population Genetic Analysis Software
(POPGENE) version 1.31 (Yeh et al.,, 1999).
Average number of alleles (n,), number of
effective alleles (n,) (Kimura and Crow, 1964),
Shannon's index (I) (Shannon and Weaver,
1949; Lewontin, 1972) and Nei's (1973) gene
diversity were determined. Dendrogram was
constructed based on Jaccard dissimilarity
coefficient using the PAleontological Statistics
(PAST) package (Hammer et al., 2001).

Results and Discussion

This study focused on the genetic
variability inherent among plantain varieties
studied. The genetic composition of a population
is often delineated in terms of number of alleles,
frequency of alleles and heterozygosity (Resmi et
al., 2011). The average number of allele per
locus was 2 (Table 3). All markers had the same
allele number (2). The average number of

Table 3: Summary of Genetic Variation Statistics
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observed alleles (2.0) across 4 RAPD loci and 15
accessions analysed in this study was low
compared to an average of 4.8 reported by Kiran
et al. (2015) who analysed 10 Musa species
across 5 RAPD loci. Effective number of alleles
(Ne) varied from 1.14 (OPT-01 and OPH-06) to
2.0 (OPT-06), while OPT-07 had a value of 1.80
with a mean of 1.52 across the loci analysed
(Table 3). Ne of 1.52 across accession analysed
was comparable to that recorded by Kiran et al.
(2015); however, the mean of 1.33 for Ne
reported by Lamare and Rao (2015) across 26
RAPD, 11 DAMD and 21 ISSR was lower than the
mean obtained in the present study.

RAPD polymorphisms are the result of
either a change in the nucleotide base that alters
the primer binding site, or an insertion or
deletion within the region of amplification
(Williams et al., 1990). The differences in
polymorphism could also be as a result of the
differences in the amount of genetic variation
that exist among the different accessions
analyzed. For gene diversity (H), OPT-06 had the
highest value (0.50), followed by OPT-07 (0.44)
and OPT-01 (0.12), OPH-06 (0.12) with an
overall mean of 0.30 (Table 3), this was lower
than the mean of 0.43 recorded by
Mukunthakumar et al. (2013) across 10 RAPD
markers. The low gene diversity recorded in this
study may be due to the number of accessions

Locus Na Ne H I PIC
OPT-01 2.0 1.14 0.12 0.25 0.40
OPT-06 2.0 2.0 0.50 0.70 0.46
OPT-07 2.0 1.80 0.44 0.64 0.12
OPH-06 2.0 1.14 0.12 0.24 0.23
Mean 2.0 1.52 0.30 0.46 0.30

Na — observed number of alleles; Ne — effective number of alleles; H — gene diversity; I — Shannon’s

Information index.

Shannon information index which is the
degree of polymorphism was within the range of
0.24 (OPH-06) to 0.70 (OPT-06) and had a mean
of 0.46 (Table 3). The index (I) mean of 0.46
recorded in this study was also comparable to
Resmi et al. (2016) with a mean of 0.49 for 5
Musa genomic groups using 10 RAPD markers
and a mean of 0.48 by Kiran et al. (2015) across 5
RAPD markers. PIC values of each marker, varied
for markers studied, 0.40 (OPT-01), 0.46 (OPT-
06), 0.12 (OPT-07), 0.23 (OPH-06) and 0.30 as
mean (Table 3). According to the classification by

Botstein et al. (1980), PIC > 0.5 gives high
information, PIC > 0.25 but < 0.5 gives
moderate information and PIC < 0.25 gives slight
information. Values of PIC of RAPD used in this
study were moderate with a mean of 0.30.
Choudhary et al. (2014) reported a PIC mean of
0.85 across 16 RAPD primers, and this was
higher than the PIC mean of this study. The PIC
mean of 0.36 across 26 RAPD loci reported by
Lamare and Rao (2015) was comparable to the
PIC mean recorded in this study. According to
this study, PIC being a measure of the
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polymorphism of the marker (Shete et al., 2000),
was not a function of the number of markers
used but the polymorphic strength of the marker.

Dendrogram constructed based on
Jaccard dissimilarity coefficient discriminated the
15 plantain populations, which was separated
into two distinct clusters (Figure 1). MP 8FPT

Sirnilarity
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grouped independently of the two clusters.
Cluster 1 consisted of MP EKO (Ekosodin, Edo
state) and MP ACH (Auchi, Edo state) more
related to each other and related to MP No. 2
(IITA, Ibadan) than MP 7FPT (UNIBEN, Edo
state) in the same cluster.

e
ra

Figure 1: Dendrogram showing genetic similarity of plantain cultivars based on Jaccard dissimilarity

coefficient

Cluster 2 consisted of two sub clusters,
with sub cluster-a having MP DBFPT and MP
46981 more related than others, MP 16952 and
MP 1378 were similar and more related to MP
9FPT, MP 59251 (IITA) grouped independently in
this sub cluster. Sub cluster-b had MP 10FPT
grouping independently, MP EKP was observed
to be related to MP ACH TWN and more related to
MP CGMEKO than MP 10FPT in the same sub
cluster.

The cluster analysis as shown by the
dendrogram indicated that the accessions from
Edo state, Nigeria was grouped into the 2
clusters while four of the accessions from IITA
grouped in cluster 2. MP EKO (Ekosodin, Edo
state) and MP ACH from Auchi, Edo state

grouped in cluster 1 suggesting more
relatedness than MP No. 2 from IITA. Cluster 2
had two sub clusters, with sub cluster 1 having
accessions from IITA (MP 16952 and MP 1378)
more related than others in this group. MP EKP
from Ekpoma and MP ACH TWN from Auchi both
in Edo state grouped in the sub cluster b and
were more related than other genotypes in the
cluster as expected. Notwithstanding the results
shown in the dendrogram, it is imperative to
state that 4 RAPD loci might be insufficient in
distinguishing populations sufficiently.?

In conclusion, RAPD markers were able
to determine genetic variation among cultivars
studied and is therefore useful in Musa
characterization and cultivar identification for
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the improvement of Musa genetic resources. The
results of the present study further shows that
though hybrids have been bred for special
qualities, some landraces could also possess
some of the genes of interest needed in plantain
breeding programs. Perhaps, Musa hybrids are
more economically important than the Musa
landraces, the landraces are the reservoirs for
hybrid improvement, and research into existing
gene pool of landraces using marker technology
is recommended.
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