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Abstract. Boonsrangsom T, Fuenghoi C, Premjet D, Suvittawat K, Ratanasut K, Sujipuli K. 2023. Genetic relationships and genome
verification of Thai banana cultivars using Random Amplification of Polymorphic DNA (RAPD) markers. Biodiversitas 24: 3758-3765.
Edible bananas and plantains, belonging to the family Musaceae, genus Musa, represent one of the most important fruit crops, with an
annual production of more than 65 million tons worldwide. Bananas have several hybrid variations since they are descended from the
two species Musa acuminata Colla (AA genome) and Musa balbisiana Colla (BB genome). Different morphological traits divide almost
hybrid bananas into various genomic groupings. Banana genome categorization and identification, however, have always been
challenging issues. This study aimed to assess the genetic relationships and verify the genomes of Thai banana cultivars using random
amplification of polymorphic DNA (RAPD) markers. Using the 15 selected RAPD markers, 149 RAPD bands were found, with sizes
ranging from 0.2 to 3.2 kb, and 88.6% were polymorphic. Polymorphic information content (PIC) values ranged from 0.18 to 0.42,
averaging 0.30. Based on the Jaccard coefficient, the unweighted pair-group method arithmetic average (UPGMA) analysis showed that
the banana samples had a similarity range of 0.27 to 1.00 with a mean of 0.56, demonstrating an abundance of viability across six
banana genomes. The dendrogram generated from RAPD data revealed that all 18 Musa samples could be divided into two main groups
(Group I and Il). Three additional subgroups were created for each primary group (A, B, and C). The accurate identification and genetic

data on the available genetic resources for bananas will be beneficial for breeding and conservation programs.
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INTRODUCTION

Edible bananas and plantains are the fourth-largest
agricultural crop in developing countries, following
primarily maize, wheat, and rice. These plants, members of
the family Musaceae, order Scitamineae, and genus Musa,
are grown in tropical and subtropical temperate regions in
more than 130 countries across five continents. The
products made from bananas not only serve as a vital
source of food but also play an important economic and
ecological function (Bakry et al. 2009). With an annual
production of 68 million tonnes, or 54.7% of the world's
total, the Asian continent leads the globe in banana
production (Statista 2021). The edible banana and plantain
types have been developed by crossing the two wild
cultivars of Musa acuminata Colla (AA genome) with
Musa balbisiana Colla (BB genome), which resulted in the
establishment of different genome groups. Most of these
hybrid cultivars are seedless, and they are divided into
different genetic categories based on 15 morphological
features, including AA/AAA, AAB, AB, ABB, ABBB, and
BB/BBB, with scores 15-23, 26-46, 49, 59-63, 67, and 75,
respectively (Simmonds and Shepherd 1955) (Figure 1).
The expression of the 15 characters is evaluated, and a
score of 1 or a maximum of 5 is assigned for each character

that closely matches wild M. acuminata or has an extreme
M. balbisiana expression. With this scoring system, the
wild M. acuminata species are given a range of 15 (15 x 1)
and the wild M. balbisiana species a 75 (15 x 5) range. The
overall scores for the hybrid cultivars should be in the
range of 15 and 75. However, the classification and
nomenclature of bananas have always been challenging
issues. Some samples had the same genome score but
varied morphological and floral characteristics, while
others had the same genome type but various genome
scores (Boonsrangsom et al. 2020). Additionally, several
researchers discovered that the results of the morphological
character analysis employed to determine the genome were
variable and inconsistent (Atom et al. 2015; Sunaryo et al.
2019; Premjet et al. 2022). Therefore, these need to be
identified using reliable genetic markers.

Moreover, unlike morphological markers, molecular
markers are more prevalent and unaffected by the
environment. In recent years, plant genomic research has
increasingly incorporated DNA-based markers. Many
DNA-based marker techniques have been developed and
are routinely used to identify a wide variety of organisms,
such as inter-retrotransposon amplified polymorphism
(IRAP) (Shelke and Das 2015), simple sequence repeat
(SSR) (Kabir et al. 2015), inter-simple sequence repeat
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(ISSR) (Babu et al. 2018; Sunaryo et al. 2020; Wahyudi et
al. 2020), random amplified polymorphic DNA (RAPD)
(Zozimo et al. 2018; Kanjanaphachoat et al. 2020),
polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) (Singh et al. 2021), amplified
fragment length polymorphism (AFLP) (Wongniam et al.
2010; Safhi et al. 2023), start codon targeted (SCoT) (Igwe
et al. 2022), and sequence-related amplified polymorphism
(SRAP) (Youssef and Escobedo-GraciaMedrano 2016;
Boonsrangsom et al. 2020; Premjet et al. 2022). One of
these methods is the RAPD approach, a PCR-based marker
that is simple, quick, affordable, applies a single primer
(typically 10 bp) of arbitrary nucleotide sequence, and only
needs a tiny amount of DNA for analysis (Agarwal et al.
2008; Amiteye 2021). Recently, RAPD technique has been
extensively employed in various plant species, including
olive (Olea europaea L.) (Brake et al. 2014), sugarcane
(Saccharum officinarum L.) (Hapsoro et al. 2015),
plantains and bananas (Musa x paradisiaca L.) (Poerba and
Ahmad 2010; Zozimo et al. 2018), Curcuma comosa Roxb.
(Boonsrangsom 2020), hazelnut (Corylus avellana L.)
(Felbinger et al. 2020), purple yam (Dioscorea alata L.)
(Rao et al. 2020), shallot (Allium ascalonicum L.) (Hasanah
et al. 2022), and the Rhynchostylis and Cymbidium orchids
(Oliya et al. 2021; Pradhan et al. 2023). Nevertheless,
RAPD has some limitations, such as poor repeatability and
dominant features that make it difficult materials to
distinguish between homozygotes and heterozygotes
(Kumari and Thakur 2014; Zulfahmi et al. 2023). These
problems can be addressed by selecting appropriate RAPD
primers, optimizing the PCR for the target species, and
repeating the experiment. Therefore, this study aimed to
assess the genetic relationships among Thai banana cultivars
and utilize RAPD markers to confirm their genomes.

MATERIALS AND METHODS

Plant materials and genomic DNA isolation
This work employed 18 Thai banana cultivars, which
contained six distinct genomes (two of AA, two of AAA,
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four of AAB, seven of ABB, two of BB, and one of BBB
banana genomes) (Table 1). Young and fresh leaves from
banana trees were collected from two banana plantations:
(i) the Plant Propagation Center No. 6, Mueang District,
Phitsanulok Province, and (ii) the Pakchong Research
Station of Kasetsart University, Pakchong District, Nakhon
Ratchasima Province, Thailand.

Therefore, to isolate genomic DNA (gDNA), a young
banana leaf sample (about 100 mg) was ground to a fine
powder in liquid nitrogen and placed in the Plant Genomic
DNA Isolation Kit (BIO-HELIX Co., Ltd., Taiwan)
following the manufacturer's instructions. Aliquots of the
extracted DNA were electrophoresed on a 0.8% (w/v)
agarose gel in Tris-Acetate-EDTA (1.0x TAE) buffer and
subsequently dyed with RedSafe staining (iNtRON
Biotechnology, Inc., Korea). Then, gDNA was compared to
100 ng lambda DNA standards and diluted to a 25 ng/puL
concentration in sterile water for RAPD analysis.

RAPD-PCR amplification and electrophoresis

Thirty RAPD primers (S1-S30) (BioBasic Inc., Ontario,
Canada) were used to amplify genomic DNA samples. The
total volume of the RAPD-PCR reaction was 15 pL, which
contained Quick Taq™ HS DyeMix (TOYOBO Co., Ltd.,
Japan) (7.5 pL), primer (2 puL), DNA template (2 pL), and
nuclease-free water (3.5 pL). In a thermal cycler (BIO-
RAD T100™, USA), the RAPD-PCR procedure was
carried out with the initial denaturation at 94°C for 3
minutes, followed by 40 cycles of 94°C for 1 minute, 37°C
for 1 minute, and 68°C for 2 minutes, and the final
extension at 68°C for 10 minutes. The PCR products were
electrophoresed on a 1.5% (w/v) agarose gel in Tris-
Acetate-EDTA (1.0x TAE) buffer and subsequently dyed
with RedSafe staining (iNtRON Biotechnology, Inc.,
Korea). The banding patterns of the gel were visible under
UV lighting and gel documentation (Thermo Fisher
Scientific, Waltham, MA, USA). According to a 100 bp
plus DNA ladder (OneMARK, BIO-HELIX Co., Ltd.,
Taiwan), the size of the PCR product was estimated.

M. acuminata (AA genome) x M. balbisiana (BB genome)

I

[ [ I

I I ]

AA/AAA AAB AB

ABB ABBB BB/BBB

M. acuminata (AA/AAA)  Banana hybrid cultivars
‘Kluai Khai Kamphaeng ‘Kluai Nga Chang’ (AAB)
Phet’ (AA) ‘Kluai Nom Sao’ (AAB)
‘Kluai Khai Kasetsart 2° (AA) ‘Kluai Roi Wi’ (AAB)
‘Kluai Hom Thong’ (AAA) ‘Kluai Nang Paya’

‘Kluai Hom Khieo’ (AAA) (AAB or ABB)

Banana hybrid cultivars M. balbisiana (BB/BBB)
Pisang Awak (ABB)
‘Kluai Namwa Tha Yang’
‘Kluai Namwa Nuan Chan’
‘Kluai Namwa Mali-Ong’
‘Kluai Namwa Pakchong 50°

‘Kluai Tani Dam’ (BB)
‘Kluai Tani Mo’ (BB)
‘Kluai Lep Chang Kut’ (BBB)

Bluggoe (ABB)
‘Kluai Huk Muk Khieo®
‘Kluai Huk Muk Som’
‘Kluai Huk Muk Khao’

Figure 1. The genomic classification of bananas and the score ranges based on 15 morphological features for various hybrid banana

cultivars were established by Simmonds and Shepherd (1955)
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Table 1. Eighteen Thai banana cultivars were used in this study
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Local name of Thai banana cultivars

International name of banana cultivars @

Genomic group ® Collection site ©

'Kluai Khai Kamphaeng Phet'
'Kluai Khai Kasetsart 2'

Pisang Mas/ Sucrier
Pisang Mas/ Sucrier

'Kluai Hom Thong' Gros Michel
‘Kluai Hom Khieo' Tall Cavendish
‘Kluai Nga Chang' Pisang Lang

'Kluai Nom Sao' -

'Kluai Roi Wi' Pisang Seribu
‘Kluai Nang Paya' -
Pisang Awak

'Kluai Namwa Tha Yang'

'Kluai Namwa Nuan Chan' Pisang Awak
'Kluai Namwa Mali-Ong' Pisang Awak
'Kluai Namwa Pakchong 50' Pisang Awak
'Kluai Huk Muk Khieo' Bluggoe
'Kluai Huk Muk Som' Bluggoe
'Kluai Huk Muk Khao' Silver Bluggoe
‘Kluai Tani Dam' M. balbisiana
'Kluai Tani Mo' M. balbisiana

'Kluai Lep Chang Kut' Lep Chang Kut

AA PPC
AA PPC
AAA PPC
AAA PPC
AAB PPC
AAB PPC
AAB PPC
AAB/ABB PRSKU
ABB PPC
ABB PPC
ABB PPC
ABB PRSKU
ABB PRSKU
ABB PRSKU
ABB PRSKU
BB PPC
BB PRSKU
BBB PRSKU

Note: 2 International name was provided by Valmayor et al. (2000); ® Genome classification based on Silayoi (2015); ¢ Collection site:
PPC - the Plant Propagation Center No. 6, Mueang District, Phitsanulok Province; PRSKU - the Pakchong Research Station of Kasetsart

University, Pakchong District, Nakhon Ratchasima Province

Data analysis

The amplicons produced by the RAPD markers were
regarded as separate putative alleles. Manual scoring was
performed on distinct and clear bands for DNA fragments'
presence (1) or absence (0). The scoring results are
gathered as binary data for cluster analysis using the
unweighted pair group method with the arithmetic mean
(UPGMA) method on the FreeTree and TreeView
programs (Hampl et al. 2001). Moreover, the total number
of DNA bands (TB), polymorphic bands (NPB), and the
ratio of polymorphism (RP) for each marker were
calculated. Polymorphic information content (PIC) was
calculated as PIC = 1 - Zpi?, where pi is the frequency of
the it allele (Smith et al. 1997). A bootstrap analysis using
1,000 bootstrap repetitions was carried out.

RESULTS AND DISCUSSION

RAPD-PCR Analysis

This study determined the genetic relationships and
genomes of 18 Thai banana cultivars using RAPD markers.
Thirty RAPD primers (S1-S30) were initially screened, and
15 primers (S1, S4, S6, S8, S10, S11, S12, S17, S18, S20,
S21, S23, S24, S27, and S28) that generated clear bands
and polymorphic results were chosen, as shown in Table 2;
the sizes of the DNA bands varied from 0.20 to 3.2 kb.
Primers S17 and S23 had the highest (15) and S28 had the
lowest (5) RAPD bands, respectively, with a mean of 9.93
bands per primer. Five primers (S6, S8, S20, S27, and S28)
yielded a polymorphism rate of 100%. Furthermore, 149
DNA bands were identified in the RAPD data generated
using 15 markers, 132 of which were polymorphic
(88.6%). With a mean of 8.8 polymorphic bands per
primer, there was variation between 5 and 14 polymorphic

bands produced from primer S28 and S6, respectively. The
RAPD profiles generated via S1, S4, S6, and S12 are
shown in Figure 2. In this investigation, it was found that
the RAPD primers could identify several kinds of bananas.
For example, the S12 primer could distinguish between
'Kluai Namwa' and 'Kluai Hak Muk' bananas with ABB
genomes apart. Several Musa AAB genotypes produced
distinct bands, including 'Kluai Nga Chang' (5), 'Kluai Roi
Wi' (7), and 'Kluai Nang Paya' (8). Moreover, the banding
pattern varied among the bananas with the AAB genome.
These findings suggested that the RAPD technique will be
helpful for banana genome characterization because it
detected significant polymorphism (88.6%) among six Thai
banana genomes, in comparison to findings from earlier
studies of banana and plantain genotypes using RAPD,
ISSR, SRAP, and SCoT markers (Poerba and Ahmad 2010;
Zozimo et al. 2018; Boonsrangsom et al. 2020; Igwe et al.
2022; Premjet et al. 2022).

The effectiveness of polymorphic loci in identifying
genetic variation among genotypes was evaluated using
polymorphic information content (PIC) value. The PIC
value is important when selecting markers for study in
genetics since it evaluates a marker's ability to detect
polymorphisms. The PIC values for the 15 RAPD markers
in this investigation ranged from 0.18 to 0.42. Four of these
primers had a PIC of less than 0.25, and eleven had a PIC
range of 0.28 to 0.42 with an average of 0.30. That
suggests the potential of RAPD markers to generate
medium locus polymorphism, which benefits the genetic
variety of Musa genotypes. The highest PIC value for
dominant markers is 0.5 (Guo et al. 2014); therefore, the
average PIC in this study supports the notion that RAPD is
an effective marker system for differentiating across
cultivars.
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Table 2. The findings of PCR amplification using 15 selected RAPD primers

Primer name Sequence (5" - 3) Allele size (bp) B NPB RP (%) PIC
S1 CTTTCGCTCC 450 - 3200 10 9 90.0 0.28
S4 GGACTGGAGT 550 - 2900 8 6 75.0 0.23
S6 TGCTCTGCCC 500 - 3200 14 14 100.0 0.33
S8 GTCCACACGG 350 - 2500 6 6 100.0 0.42
S10 CTGCTGGGAC 450 - 1700 8 7 87.5 0.18
S11 GTAGACCCGT 500 - 3000 11 10 90.9 0.35
S12 CCTTGACGCA 500 - 1500 7 6 85.7 0.31
S17 AGGGAACGAG 300 - 2800 15 12 80.0 0.30
S18 CCACAGCAGT 400 - 3000 12 11 91.7 0.28
S20 GGACCCTTAC 250 - 2000 8 8 100.0 0.37
S21 CAGGCCCTTC 600 - 2500 7 5 71.4 0.22
S23 AGTCAGCCAC 200 - 2600 15 13 86.7 0.31
S24 AATCGGGCTG 250 - 2500 12 9 75.0 0.24
S27 GAAACGGGTG 300 - 2800 11 11 100.0 0.39
S28 GTGACGTAGG 300 - 1800 5 5 100.0 0.36
Sum 149 132 - -
Average 9.93 8.80 88.6 0.30

Note: TB: total DNA bands for each marker; NPB: no. of polymorphic bands for each marker; RP: ratio of polymorphism; PIC:

polymorphic information content

9 10 11 12 13 14 15

8 9 10 11 12 13 14 15 16 17 18 M

Figure 2. RAPD amplification of 18 Thai banana cultivars using
four primers: A. S1; B. S4; C. S6; and D. S12. Red arrows
indicate bands unique to Musa AAB samples, whereas yellow
arrows refer to bands distinct between 'Namwa' (lanes 9-12) and
'Hak Muk' (lanes 13-15) bananas. Lane M is 100 bp Plus DNA
ladder (OneMARK, BIO-HELIX, Taiwan), and lanes 1-18
correspond to the Musa accessions lists in Table 1

Normally, 15 key morphological traits are utilized to
distinguish between Musa species. However, due to a slight
variance in physical characteristics, varietal identification
among hybrid bananas is complicated. Therefore, it is
crucial to use PCR-based approaches like RAPD markers
to resolve species identification and genetic categorization.
Much information about an organism's genes can be

quickly obtained using RAPD markers. According to other
investigations, RAPD is more informative than other
techniques, such as ISSR and SRAP. For instance, 132
polymorphic fragments in total, or 8.8 polymorphic
fragments on average per marker, were obtained for this
study. This number is higher than the 7.75 and 8.14
polymorphic bands per marker found in the 36 Thai Musa
samples using ISSR and SRAP markers, respectively
(Premijet et al. 2022). Therefore, this study proves that the
RAPD marker is substantially easy, rapid, inexpensive, and
instructive. The usefulness of RAPD markers for
identifying genetic variation and molecular characterization
was also documented in saffron (Crocus sativus L.) (Mir et
al. 2021), pepper (Capsicum annuum L.) (Niklas and
Olszewska 2021), rice (Oryza sativa L) (Epe et al. 2021),
and the Gymnema species (Tung et al. 2022).

Genetic relationships and cluster analysis

A genetic relationship assessment was performed on 18
samples of various banana cultivars utilizing DNA
fingerprint data from 15 RAPD markers. The Jaccard
coefficient method (Jaccard 1908) was used to calculate the
genetic similarity coefficient employing the FreeTree
program jointly with the TreeView tool. The genetic
similarity coefficient determines how closely the 18 Thai
Musa species are genetically related. This measure for the
18 Musa accessions analyzed with RAPD markers was
discovered to have a range of 0.27 to 1.00, with a mean
value of 0.56 (Table 3), showing a wide range of viability
among six banana genomes. These results are consistent
with those of Kundu et al. (2018) and Boonsrangsom et al.
(2020), who observed that banana plants in India and
Thailand have significant genetic variation. The lowest
genetic similarity was found (0.27) between the 'Kluai Khai
Kamphaeng Phet' (AA group) (1) and the 'Kluai Tani Mo'
(BB group) (17), as well as between the 'Kluai Khai
Kasetsart 2' (AA group) (2) and the 'Kluai Tani Mo' (BB
group) (17), implying their lack of close relationships
because they belong to two distinct chromosomal
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groupings (AA and BB genomes). The highest genetic
similarity (1.00), however, was found between 'Kluai Khai
Kamphaeng Phet' (AA group) (1) and 'Kluai Khai Kasetsart
2' (AA group) (2), as well as 'Kluai Namwa Tha Yang'
(ABB group) (9) and 'Kluai Namwa Nuan Chan' (ABB
group) (10). These findings support the proof of close
cultivar relations between genome groupings.

Using the dendrogram generated from the RAPD data,
the 18 Musa species in this study were divided into two
major groups (Figure 3). For each primary group, three
further subgroups were formed. The first large group
comprised three subgroups, I-A to I-C, and the second
major group comprised subgroups I1-A to I1-C. Therefore,
bootstrap values were applied to verify the consistency and
dependability of the nodes' data. The bootstrap values in
this analysis were comparatively high within and between
groups, ranging from 39% to 100%. Group | could be
further separated into the following three subgroups:
banana genomes ABB from Group I-A, such as 'Kluai Huk
Muk Khieo," 'Kluai Huk Muk Som," and 'Kluai Huk Muk
Khao' were included. Banana BB and BBB, including
'Kluai Tani Dam," 'Kluai Tani Mo," and 'Kluai Lep Chang
Kut," were part of Group I-B. Bananas in the I-C group
included 'Kluai Namwa Mali-Ong," 'Kluai Namwa
Pakchong 50', 'Kluai Namwa Nuan Chan,' and 'Kluai
Namwa Tha Yang.' They all had the ABB genome. Group
Il could be broken down into three subgroups: II-A
included only one variety of bananas (AAB), known as
'Kluai Roi Wi.' 'Kluai Nom Sao' (AAB), 'Kluai Hom Khieo'
(AAA), 'Kluai Hom Thong' (AAA), 'Kluai Khai Kasetsart
2' (AA) and 'Kluai Khai Kamphaeng Phet' (AA) comprised
Group 11-B, while 'Kluai Nga Chang' (AAB) and 'Kluai
Nang Paya' (AAB) formed up Group I1-C.

Due to the close genetic relationship among bananas,
several were grouped. For instance, the 'Kluai Khai
Kasetsart 2' and 'Kluai Khai Kamphaeng Phet' are grouped.
This could be because the 'Kluai Khai Kasetsart 2'
originated via radiation mutations of the original variety
(‘'Kluai Khai Kamphaeng Phet), resulting in a high degree
of genetic relatedness. However, it was discovered that
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'Kluai Khai' carrying the AA genome had various exterior
traits. In comparison to the other AAB cultivars, 'Kluai
Nom Sao' (AAB) was more closely related to the M.
acuminata 'Kluai Hom Khieo' (AAA) and 'Kluai Hom
Thong' (AAA) cultivars. Similarly, three of the 'Kluai Huk
Muk' cultivars were more genetically related to the BB and
BBB cultivars of M. balbisiana than the 'Kluai Namwa'
with ABB genome.

According to the results of this study's genetic
correlation clustering and DNA fingerprint analysis, the
'Kluai Nang Paya' should have an AAB rather than an ABB
genome, with a genetic similarity coefficient of 0.63.
Bananas with the AAB genome displayed different banding
patterns, demonstrating the high genetic diversity of the
cultivars having an AAB genomic group. These results
agree with those of Kundu et al. (2018), who discovered
that the 16 AAB banana genotypes were divided into eight
groups with a broad genetic background. Additionally, the
Musa AAB cultivars generated particular bands. Therefore,
more banana cultivars with the AAB group need to be
examined to confirm the distinctive bands generated from
the Musa AAB genome in this work. Moreover, in this
study, 'Kluai Namwa," known as 'Pisang Awak," and 'Kluai
Huk Muk," also known as 'Bloggoe," were distinguished
using RAPD primers among the Musa ABB group.
Nevertheless, utilizing DNA markers to differentiate between
numerous 'Kluai Namwa' sub-cultivars is difficult. These
results are consistent with Premjet et al. (2022), who
observed that it is difficult to identify between the 'Kluai
Namwa' sub-cultivars since there are few physical distinctions
and little genetic variation. Generally, bananas and plantains
often reproduce through budding, which has led to little
genetic variety. Furthermore, natural mutations have the
potential to cause genetic differences. However, with only
18 Thai banana cultivar results, it might not be sufficient to
differentiate the species of bananas clearly. According to
Sahu et al. (2020), it is essential to identify the genetic
mutations and genes that cause phenotypic alterations to
comprehend various biological processes.

Table 3. Coefficients of similarity among 18 Thai banana cultivars using 15 RAPD primers

No. 1 2 3 4 5 6 7 8 10 11 12 13 14 15 16 17 18
1 1.00

2 1.00 1.00

3 069 069 1.00

4 065 0.65 080 1.00

5 060 060 0.64 062 1.00

6 062 062 068 074 0.61 1.00

7 044 044 046 042 049 048 1.00

8 055 055 0.60 064 063 061 058 1.00

9 032 032 038 037 036 036 039 047 1.00

10 032 032 038 037 036 036 039 047 100 1.00

11 032 032 035 036 037 035 037 046 0.88 0.88 1.00

12 031 031 035 038 036 035 037 045 090 0.90 0.88 1.00

13 033 033 041 038 045 035 045 044 064 0.64 0.60 0.64 1.00

14 033 033 042 037 042 036 045 045 069 069 061 065 0.90 1.00

15 034 034 040 037 045 033 046 045 067 067 063 065 092 092 1.00

16 028 028 031 028 029 029 037 040 064 064 062 064 064 070 0.66 1.00

17 027 027 030 028 029 029 036 039 062 062 060 062 062 069 0.64 097 1.00

18 032 032 034 033 038 032 041 044 058 058 057 057 061 067 065 075 073 1.00

Note: The lists of Musa accessions in Table 1 are referenced by the sample name (1-18)
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Figure 3. Eighteen accessions of Thai banana cultivars were used to generate a dendrogram of genetic relationships using 15 RAPD
markers, where bootstrap values (30% and higher are shown) from 1,000 replications are represented at nodes

Overall, the outcomes of the RAPD analysis and the
morphological classification were in agreement in the
present study. It is crucial for gathering fundamental
morphology information, molecular techniques, and
specific traits to investigate genetic diversity, species
identification, and future breeding. Wahyudi et al. (2020)
proposed combining molecular markers and morphological
features to classify banana species. According to Hinge et
al. (2022), scientists used several molecular markers to
assess the genetic diversity among commercial banana
cultivars and the HS-SPME and GC-MS to create the
volatile profiles of the genotypes. Therefore, this
information helps plant breeders to develop new banana
cultivars with good flavor, pleasant aroma, soft food
texture, and attractive color. Additionally, scientists and
farmers could guarantee the genetic stability of
commercially available cultivars.

In conclusion, this study used RAPD markers to
evaluate the genomes and genetic relations among 18 Thai
banana cultivars. Based on the results of 15 RAPD
markers, there were 149 DNA bandings with band sizes
ranging from 0.2 to 3.2 kb, 132 of which were polymorphic
(88.6%). Values of polymorphic information content (PIC),
with an average value of 0.30, ranged from 0.18 to 0.42.
According to the UPGMA analysis using the Jaccard
coefficient method, the 18 Musa genotypes had a similarity
range between 0.27 and 1.00 with a mean of 0.56,
indicating a high degree of genetic diversity across the six

Musa genomic groupings. The dendrogram generated from
RAPD markers in the current study revealed that all
samples could be divided into the ABB-BB-BBB and AA-
AAA-AAB genome groups, the two main groupings. This
study provides convincing evidence that the RAPD marker
is simple, quick, affordable, and productive. The RAPD
analyses will be wuseful for future data collection,
environmental preservation, and reproductive purposes.
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