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Introduction  

 

The genus Musa L. belongs to the family Musaceae, a member of the order Zingiberales, 

comprises of economically important bananas [1]. The Indo-Malesian region (incl. Indonesia) is 

considered the homeland of bananas both wild species and cultivars [2-4]. Banana is a fruit 

plant of worldwide popularity with a global production reached up to 114 million tonnes in 

2017 [5]. Edible banana cultivars contain high nutrient values to support food security include 

high carbohydrates, total sugar, vitamin C, and potassium; moderate protein and low fat [6]. 

Further, it also has importance values in social and cultural, particularly in rural communities 

and in developing countries [7, 8]. 

The vast majority banana cultivars were derived from natural hybridization between wild 

diploid Musa species i.e., Musa acuminata (A genome, x = 11) and Musa balbisiana (B 

genome, x = 11). Both inter and intraspecific crosses involving those two wild diploids resulted 
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Abstract  

 

This study aims to evaluate the genetic diversity and network within ten local cultivars of 

dessert bananas (Musa acuminata cv. AA and AAA) from Indonesia using newly designed 

matK marker. Result showed that PCR amplifications were successfully carried out. Total 

aligned and selected sequences were 729 bp, with nucleotide composition high in AT (67.60%) 

than GC (32.40%). Sequences variation shows high conservation level, comprising 97.94% 

monomorphics, 0.82% polymorphics, 0.96% InDels, and 0.27% missing data; with high 

genetic similarity 99.44%-100%. Haplotype diversity was high (Hd=0.844±0.103), forming six 

haplotypes but low in nucleotide diversity (π=0.231±0.053). Both haplotype network and 

phylogenetic tree were separated into two clades, following its genomic subgrouping. Clade I 

comprised of Inarnibal (AA), Cavendish (AAA) and Gros Michel (AAA). Clade II comprised of 

Sucrier (AA) and Red (AAA). The genetic diversity within genomic group AAA is higher than 

AA. Both genomic groups cannot be clearly separated due to continuous genetic variation and 

mutations. Six point mutations were identified; mostly due to substitution of transversion than 

transition (Ti/Tv=0.5). The finding of this study suggests that the newly designed matK marker 

is effective for PCR and sufficient to discriminate at intraspecific level of desert bananas.  
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in wide ploidy levels and genomics groups of current cultivated bananas such as diploids (AA, 

BB, AB), triploids (AAA, AAB, ABB), and tetraploids (AAAB, AABB, ABBB) [9, 10]. 

Nonetheless, the evolution process of those edible bananas are very complex involving multiple 

stages of hybridization, mutation, elaborated by human migration, domestication and adaptation 

over thousands of years and separated by time and places [2-4].  

The most economically important edible bananas consumed and widely grown as dessert 

or freshly eaten fruit are diploid (AA) and triploid (AAA). The diploid AA cultivars have been 

largely displaced by the generally more productive triploid cultivars (AAA) but are still popular 

cultivated in Malaysia, Indonesia, India, Papua New Guinea and the Solomon Islands [4]. Both 

diploid and triploid cultivars (AA and AAA) are seedless, with bright peel colour, white-

yellow-orange flesh, soft and fine flesh texture, sweet taste, and aromatic flavours; thus, they 

have become favourites [11, 12]. Some subgroups of various banana diploid AA cultivars 

recognized worldwide such as Inarnibal, Pisang Lilin, Sucrier, Samba, Tjau Lagada, etc. 

Meanwhile triploid AAA cultivars include Cavendish, Gros Michel, Red, Lakatan, Ibota, 

Mutika, Lujugira etc. [7, 13]. 

Elucidating the genetic diversity of bananas is important to provide valuable information 

for further breeding and conservation prioritization. Indonesia possessed rich diversity of 

potential local cultivar of dessert bananas (AA and AAA) which needs to be evaluated its 

genetic diversity. Genetic diversity is the basic material for adaptation, flexibility and 

responsiveness of evolution in facing various pressures including environmental stresses due to 

climate change, pests or diseases etc. [14]. In addition, varietal diversity can help farmers to 

ensure food and nutrition security, by providing them with more options to manage climatic 

risks and strengthen the resilience of their farms and surrounding landscapes [15]. Most of 

dessert bananas of AA and AAA groups are considered susceptible to some diseases such as 

bunchy top [16] and Panama diseases [17]. Thus, advocating and promoting utilization of more 

local cultivars of dessert bananas are necessary. 

Molecular DNA barcode is widely used of biological tool to address basic questions of 

natural world in systematics, ecology, evolutionary biology and conservation, species 

interaction networks, taxonomic discovery, assessing priority areas for environmental 

protection etc. [18]. Some of DNA barcode markers for plants have been developed and used, 

from plastid and nuclear genomic sources, both coding and non-coding region [19]. One of 

recommended barcode for plant is matK gene. The matK gene is encoding the maturase enzyme 

subunit K. The full sequence length is approximately 1,570bp, and is located in plastid genome, 

inside the intron of trnK gene [20, 21]. Some previous studies have reported the use of matK 

marker to elucidate genetic variations in many plants such as Dipterocarpaceae [21], 

Solanaceae, Euphorbiaceae [22], ferns [23], Acanthaceae [24]; Liliopsida [25], Orchidaceae 

[26], Poaceae [27], Zingiberaceae [28, 29], Musaceae [30] etc.  

Hitherto, there was still limited information available of the usage of matK barcode to 

study the genetic diversity within banana cultivars, particularly from Indonesia. Furthermore, 

PCR amplification of the matK barcoding region is often difficult when dealing with multiple 

Angiosperm families [20, 31]. Our preliminary study using universal matK primers 

recommended by CBOL [32] was proven not successful to amplify the DNA sample of banana 

cultivars. Hence, the aims of this study were to reveal the genetic diversity and networks within 

dessert bananas (M. acuminata cv. AA and AAA) from Indonesia using newly designed matK 

barcode based on Musa sequences reference available in GenBank. The newly designed matK 

primers from this study is proposed as effective marker to study the genetic diversity for 

bananas (Musaceae) in particular and Angiosperms in general. A better knowledge and 

understanding of genetic diversity and networks of dessert bananas from Indonesia will be 

useful as genetic basis for further dessert banana breeding and genetic conservation strategy. 
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Experimental 

 

Plant materials 

In total, ten cultivars of dessert bananas (M. acuminata cv.) were examined in this study. 

It comprised of four diploids (AA) and six triploids (AAA) cultivars from the living collections 

of Purwodadi Botanic Garden located in Pasuruan, East Java. They were locally collected from 

several areas in Indonesia including East Java, Yogyakarta, Central Java, and West Nusa 

Tenggara (Table 1).  

 
Table 1. Plant materials of M. acuminata cv. AA and AAA examined in this study 

 

Sample 

code 
Local name Synonim Subgroup 

Genomic 

group 

Collection locality 

Region Island 

S1 Pisang Berlin Señorita, Pisang 

Empat Puluh Hari 

Inarnibal AA Pasuruan, East Java Java 

S2 Pisang Orlin - Inarnibal AA Probolinggo, Central 

Java 

Java 

S3 Pisang Rayap - Sucrier AA Yogyakarta Java 

S4 Pisang Mas Lady Finger, 

Amas, Kluai Khai 

Sucrier AA Bangkalan, East Java Madura 

S5 Pisang Billa - Red  AAA Sumbawa, West 

Nusa Tenggara 

Sumbawa 

S6 Pisang 

Moseng 

Red Dacca, 

Morado, Pisang 

Raja Udang 

Red  AAA Sampang, East Java Madura 

S7 Pisang 

Ambon Hong 

Pisang Embun, 

Kluai Hom Thong 

Gros Michel AAA Pasuruan, East Java Java 

S8 Pisang 

Kongkong 

- Gros Michel AAA Malang, East Java Java 

S9 Pisang Kreas - Cavendish AAA Tegal, Central Java Java 

S10 Pisang Cebol Dwarf cavendish Cavendish AAA Lumajang, East Java Java 

 

Methods 

Morphological observation 

Morphological observation was conducted by minimal descriptors in order to 

differentiate among genomic groups and subgroups following descriptors for bananas from 

IPGRI-INIBAP/CIRAD [33], and supported by previous studies and references. 

Primer design 

The construction of new matK primers (Table 2) was based on matK gene sequences 

available on GenBank with accession number MG041493, M. acuminata isolate MN10, cultivar 

None laphu (AA) from India as reference [34]. The matK gene sequences were evaluated with 

BioEdit 7.0.5.3. The primers were designed using Primer3 0.4.0 [35]. Later, the primers 

produced were confirmed in silico using the Primer-BLAST menu on GenBank to determine 

the accurate position of the primers attachment to the matK gene.  

 
Table 2. Newly designed primers to amplify the matK gene of M. acuminata cv. AA and AAA examined in this study 

 

Primer 

name 

Primer 

direction 
Primer sequences (5’-3’) 

Size 

(bp) 

Tm 

(◦C) 

GC 

(%) 

Thermal cycling 

conditions* 

matK F Forward CTA CAT ATC CGG CCA AAT CG 20 58.4 50.0 
[94/30, 54/45, 72/60] x 40 

matK R Reverse CGA AAT CCT GGT CCA AAT CC 20 58.4 50.0 

*Temperature (°C)/time (s) for denaturation, annealing, and extension steps; out of thermal cycling conditions included 

an initial denaturation of 94 °C for 3 minutes and a final extension of 72 ºC for 7 minutes 

 

Molecular procedure 

Molecular analysis was conducted at the Molecular Genetics Laboratory of Biology 

Department, Faculty of Science and Technology, Airlangga University, Surabaya, Indonesia. A 
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fresh young leaf sample was taken for molecular analysis (one individual per cultivar). Total 

genomic DNAs were extracted using Promega Wizard® Genomic DNA Purification Kit 

(Madison, WI, USA) following the manufacturer’s protocols for plants. Amplifications were 

conducted in a 35μL volume PCR reaction, which contained of 17.5μL of Go Taq® Green 

Master Mix (2x) from Promega (DNA polymerase, dNTPs, and MgCl2), 2μL each of forward 

and reverse newly designed matK primers, 6.5μL of nuclease-free water, and 7μL of DNA 

template. PCR thermal cycling condition was following Table 2. Confirmation of successful 

amplification was conducted by electrophoresis separation on 1.5% agarose gel, stained with 1 

μg/ml of Ethidium bromide in TBE buffer, then visualised under UV light. Generuller 10 Kb 

DNA ladder (Thermo Scientific, CA, USA) was used to estimate the size of amplicons. Further, 

the amplicons were then purified and sequenced at 1st BASE Laboratory, Singapore.  

Data analysis 

DNA sequences of matK gene were evaluated using BioEdit 7.0.5.3. Homology of matK 

gene sequences was detected using Basic Local Alignment Tool (BLAST) in GenBank. 

Multiple sequence alignment was performed using ClustalW program followed by visual 

adjustment in MEGA 7.0.26. Genetic diversity and neutrality tests were conducted with DnaSP 

6.12.03. Median joining analysis was employed using Haplotype Network ver. 5.0.1.1 to 

reconstruct haplotype networks map [36]. Genetic relationship and pairwise distance analyses 

were employed in MEGA7.0.26 using Kimura 2 parameter evolution model, Maximum 

Parsimony, 1000 bootstrap replicates [37]. 

 

Results and discussion 

 

Morphological features of M. acuminata cv. AA and AAA 

All ten cultivars examined are valuable genetic resources which exhibited varying 

morphological characteristics following its genomic group and subgroup (Fig. 1), with several 

important and potential traits. Banana cultivars with an AA genome are generally characterized 

by horizontally bunches, fruit small size, straight with rounded transverse section and bottle-

necked to pointed apex with attractive bright yellow peel and pulp color, soft textured, and 

sweet-sugary tastes when ripen [11]. Inarnibal subgroup was differentiated with Sucrier by its 

very thin skin, when ripe the skin easily cracks and the fruits tend to falls from hand by 

themselves (deciduous). This fragility makes it difficult to store or transport them over long 

distances [6, 38]. Meanwhile Sucrier subgroup also has thin skin, but it is not easily cracking, 

and the fruit is persistent [39, 40]. Pisang Orlin has slender fruit than Pisang Berlin (Fig. 1: S1-

S2). Likewise, Pisang Rayap has slender and pointed fruit than Pisang Mas (Fig. 1: S3-S4). 

Both Pisang Berlin and Pisang Mas are relatively popular commercial dessert bananas in the 

local market in East Java. 
 

 

 
 

Fig. 1. Morphological features of M. acuminata cv. AA and AAA examined in this study  
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The triploid AAA group are more vigorous than the diploids. It bears heavy symmetrical 

and hanging bunches, with large fruit, markedly curved, creamy white flesh, soft and fine 

textures, sweet taste and aromatic flavour when ripen so they have become popular [12]. Red 

subgroup is distinctly characterized by pigmented plant with deep red pseudo stem, petioles, 

and midribs; it also produces moderately sized bunches of fruit with reddish green to deep 

maroon skin depends on direct sunlight exposure [38]. The ripen pulp is light orange flesh 

which indicated high carotenoid level, potential to alleviate vitamin A deficiency [39]. Both 

Pisang Billa and Pisang Moseng showed similar characteristics of Red Subgroup (Fig. 1: S5-

S6). They are not popular commercial cultivars but still available in the local market and people 

mostly used as ornamental plants in home garden.  

Meanwhile Gros Michel and Cavendish subgroup are popular commercial cultivars; both 

are very close related subgroup with similar characteristics. Cultivars in Gros Michel subgroup 

can be distinguished from those in Cavendish subgroup by their green/pale pink versus bright 

red undersheath pseudostem, bottle-necked to pointed fruit, short pedicel with green to full 

yellow color. The fruit of Cavendish subgroup at cooler temperature or when artificially ripened 

turn to attractive bright yellow color. Both has a long transport life if harvested at the correct 

maturity [12, 38]. The various cultivars are similar except for their height and characteristics of 

the bunch and fruit. Both Pisang Ambon Hong and Kongkong showed similar characteristics of 

Gros Michel. Pisang Kongkong has spiral bunch shape (all fruits are attached to a unique crown 

coiled around the stalk) whilst Pisang Ambong Hong is cylindrical (Fig. 1: S7-S8). Pisang 

Cebol has short pseudo stem and compact fruits in a bunch, whilst Pisang Kreas has normal 

height (Fig. 1: S9-S10). Pisang Cebol is included as dwarf Cavendish (Cebol = dwarf). It is well 

suited for home garden, commercial, and agroforestry cultivation.  

New matK primers evaluation 

The matK primers in this study have designed following the terms and conditions of 

ideal parameters for efficient and effective PCR [41, 42]. Nucleotide length of the newly 

designed matK primers is 20 bp each, with melting temperature (Tm) 58.4°C, GC contents 

50%, and annealing temperature (Ta) 54°C (Table 2). Primer length is associated with 

efficiency of PCR process, the longer oligonucleotides primer will highly be possible to form a 

secondary structure which disrupt the PCR process. Whilst GC contents and Tm levels are 

important to avoid miss-priming the target sequences. In addition, the presence of G/C clamp at 

the 3' end of each primer greatly helps to stabilize the bond between the primer and the DNA 

template needed for initiation during PCR process. Further, in silico simulation using Primer-

BLAST on GenBank showed that the newly matK primers were conform with matK gene target 

of M. acuminata with approximately length of 756 bp. It was also conforming with other Musa 

species such as M. itinerans, M. ornata, M. balbisiana, M. paradisiaca, M. schizocarpa, etc. 

Amplifications of matK marker on M. acuminata cv. AA and AAA 

Amplification of the matK gene using newly designed primer was successfully carried 

out to all banana specimens examined. Visualization on 0.8% agarose gel electrophoresis was 

shown by the presence of a specific DNA band in the sample lane at the length between 700 and 

750bp (Fig. 2). The matK gene sequences within M. acuminata cultivars both forward and 

reverse produced were high in trace score, with sequences length resulted were 724 to 731bp. 

This length range of matK gene sequences was in accordance with some previous studies in 

some species of the Zingiberales order, such as in Zingiber spp., Curcuma spp., Amomum spp., 

and Kaempferia spp. 300 to 925bp [29], wild Musa spp. 720-950bp [30], Alpinia spp. 789 to 

854bp [43], Costus spp. 740-1542bp [43] etc. Further, BLASTn to Genbank database showed 

high homology with matK gene sequences of species from Musaceae family (such as M. 

acuminata ssp., M. acuminata cultivars, Musa hybrid cultivars, etc.) with high similarity query 

cover values and per identity 98 to 99.50%.  
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Fig. 2. Electrophoregram amplicons of matK gene within M. acuminata cv. AA and AAA 

 

The problematic for PCR amplification and sequencing in the matK region is leading to 

the design of new taxon-specific primers or modifications of existing primers [20, 31]. The 

findings of this current study suggest that the newly designed matK primer for DNA barcoding 

is effective for amplification of bananas on M. acuminata cv. AA and AAA groups with 100% 

succession rate. It is also effective for amplification to other Musa species, Musaceae family, 

Zingiberales order and Monocots as suggested by in silico simulation. Nonetheless, further 

testing for its universality is required by involving taxonomically diverse samples across 

Angiosperms.  

Sequence polymorphisms within M. acuminata cv. AA and AAA  

Total aligned and selected matK gene sequences within M. acuminata cv. AA and AAA 

examined were 729 bp. Nucleotide composition in average were high in AT (67.60%) than GC 

(32.40%) (Table 3). The matK gene as a coding region or exon was known to have high AT 

bases content because it was associated with their functions in transcription and protein 

translation. It is proposed to aid splicing of seven different chloroplast group IIA introns that 

reside within precursor RNAs for essential elements of chloroplast function [20, 26]. Low GC 

content means low spots of mutation and recombination rates. Mutation or loss of matK gene, 

the principle targets for matK protein activity were also lost, suggesting co-evolutionary 

reduction [26]. Evidently, M. acuminata cv. AAA group have higher GC content than AA 

group, so it is more likely that mutations will occur in triploid bananas. The highest GC content 

was found in Pisang Cebol, followed by Pisang Billa and Pisang Kreas (Table 3). 
 

Table 3. Nucleotide composition of matK gene within M. acuminata cv. AA and AAA 

 

Sample 

code 
OTU 

Nucleotide composition (%) 

T(U) C A G A+T G+C 

S1 Pisang Berlin 29.22 15.24 38.50 17.04 67.73 32.27 

S2 Pisang Orlin 29.14 15.19 38.54 17.13 67.68 32.32 

S3 Pisang Rayap 29.40 15.26 38.28 17.06 67.68 32.32 

S4 Pisang Mas 29.28 15.19 38.40 17.13 67.68 32.32 

S5 Pisang Billa 29.42 15.33 38.12 17.13 67.54 32.46 

S6 Pisang Moseng 29.20 15.15 38.29 17.36 67.49 32.51 

S7 Pisang Ambon Hong 29.09 15.24 38.50 17.17 67.59 32.41 

S8 Pisang Kongkong 29.09 15.24 38.50 17.17 67.59 32.41 

S9 Pisang Kreas 29.13 15.26 38.42 17.20 67.55 32.45 

S10 Pisang Cebol 29.10 15.17 38.34 17.38 67.45 32.55 

Average 29.21 15.23 38.39 17.18 67.60 32.40 

Remarks: OTU = Operational Taxonomic Unit, G = Guanin, A = Adenin, C = Cytosin, and T = Thymin 

 
The matK gene sequences variation within M. acuminata cv. AA and AAA shows high 

conservation level, comprising 714 (97.94%) monomorphic sites, 6 (0.82%) polymorphic sites, 
7 (0.96%) insertion and deletions (InDels), and 2 (0.27%) sites with missing data. Pairwise 
distance analysis resulted high genetic similarity of 99.44% to 100% (low genetic divergence 0-
0.006). The matK gene sequences at low level intraspecific taxa within M. acuminata cv. AA 
and AAA in this study was considered lack of polymorphisms. However, matK gene sequences 
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polymorphisms of higher taxa at interspecies (same genus) on Zingiberaceae as close related 
family of Musaceae also showed low polymorphic sites, such as within Aframomum 0.96%, 
Curcuma 0.77%, Elettariopsis 0.59%, and Hedychium 0.38% [28].  

Further polymorphism analysis, the polymorphic sites were comprised of 5 (0.68%) 
singleton variable sites and 1 (0.14%) parsimony informative sites. It was identified six point 
mutations which considered as single nucleotide polymorphism/SNP in six banana cultivars i.e. 
Pisang Billa, Pisang Moseng, Pisang Kreas, Pisang Berlin, Pisang Mas and Pisang Rayap. A 
SNP is a variation at a single position in a DNA sequence among individuals. Bananas of Red 
subgroup (AAA) i.e. Pisang Billa and Pisang Moseng were experienced higher mutations 
compared to others (Table 4).  

The point mutations occurred were mostly due to substitution of transversion than 
transition (Table 4). A transversion is considered to be a more drastic change than a transition, 
because substitution of one-ring to two-ring chemical structure or vice versa (transversions) 
requires more energy than substitution without change in the ring structure (transitions). It can 
be caused by high-energy sources such as radiation, chemicals, and high environmental 
pressure, or appear spontaneously during DNA replication. The transition and transversion ratio 
(Ti/Tv) of this study was 0.5, which means the substitution mutations occur randomly, because 
basically there are two possible transitions and four possible transversions. The Ti/Tv ratio has 
been used as an important parameter in many studies such as phylogenetic tree reconstruction 
and estimation of divergence [45].  

 
Table 4. Nucleotide variations of matK gene within M. acuminata cv. AA and AAA 

 

Polymorphic site Site position SNP Mutation type OTU member 

Singleton variable 

4 A-T Transition Billa 

5 A-C Transversion Billa 

704 A-G Transversion Moseng 

721 G-A Transversion Berlin 

727 T-A Transition Kreas 

Parsimony informative 416 G-T Transversion Rayap, Mas, Billa, Moseng 

Remarks: OTU = Operational Taxonomic Unit, SNP = single nucleotide polymorphism,  
G = Guanin, A = Adenin, C = Cytosin, and T = Thymin 

 

Genetic diversity within M. acuminata cv. AA and AAA 
Genetic diversity within a population can be assessed based on haplotype diversity (Hd) 

and nucleotide diversity (π). Haplotype diversity represents probability of two randomly 
selected alleles to be different from each other. Whilst nucleotide diversity reflects nucleotide 
divergence of two individuals with respect to one locus [46]. The haplotype diversity (Hd) 
based on matK gene sequences of ten M. acuminata cv. AA and AAA was high (Hd>0.5), 
forming six haplotypes but low in nucleotide diversity (π < 0.5%) among haplotypes (Table 5). 
Further, neutrality tests of Tajima’s D and Fu’s FS showed negative values, indicating 
deviations from neutrality and both suggested recent population expansion of M. acuminata 
cultivars. Exception for M. acuminata cv. AA was showed positive Tajima’s D which signifies 
low levels of polymorphisms frequency, indicating a decrease in population size and/or 
balancing selection [46, 47]. Genetic diversity within M. acuminata cv. AAA was revealed 
higher than AA as evidenced by its nucleotide diversity and polymorphisms (Table 5). 

 
Table 5. Genetic diversity indices and neutrality tests of matK gene sequences within M. acuminata cv. AA and AAA 

 

OTU 
OTU 

number 
Haplotype 

number 
Hd±SD π±SD (%) Eta 

Fu's 
Fs 

Tajima's 
D 

Overall M. acuminata cv. 10 6 0.84±0.10 0.23±0.05 6 -2.56 -1.15 

M. acuminata cv. AA 4 3 0.83±0.22 0.16±0.05 2 -0.66 0.59 

M. acuminata cv. AAA 6 3 0.80±0.03 0.26±0.08 5 -0.63 -0.83 

Remarks: Hd = haplotype diversity, π = nucleotide diversity, SD = standard deviation, Eta = total number of 

mutation/polymorphic site 
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Haplotype network and phylogenetic tree within M. acuminata cv. AA and AAA  

Haplotype networks are connected graphs with cycles represents evolutionary 

relationships (genealogies) at the intraspecific level. It is considered more informative than 

conventional phylogenetic trees to display intraspecific DNA sequence variation by the 

additional feature of putative recombination events in which not shown in the phylogenetic tree 

[36, 49]. The genetic network resulted both from haplotype and phylogenetic analyses based on 

matK gene sequences were separated into two polyphyletic clades, the genomic grouping AA 

and AAA were nested on both clades. Interestingly, the separation of each clade was following 

the genomic subgrouping. Inarnibal subgroup (AA) was close related with Gros Michel 

subgroup (AAA), with similarity 99.72%-100%. Whilst Sucrier Subgroup (AA) was close 

related with Red subgroup (AAA), with similarity 99.58%-100% (Figs. 3 and 4).  

 

 
Fig. 3. Haplotype network within M. acuminata cv. AA and AAA based on matK gene sequences. Note: H1=Pisang 

Berlin; H2=Pisang Orlin, Pisang Ambon Hong, Pisang Kongkong, Pisang Cebol; H3=Pisang Mas, Pisang Rayap; 

H4=Pisang Billa; H5=Pisang Moseng; H6=Pisang Kreas. 

 

 

  
Fig. 4. Phylogenetic tree within M. acuminata cv. AA and AAA based on matK gene sequences (Maximum Parsimony) 

 

Previous study using sequences of nuclear ribosomal Internal Transcribed Spacer/ITS 

sequences also showed that banana cultivars AA group were nested together with AAA group 

[49]. The matK gene located in chloroplast genome is uniparental inherited exclusively from the 

female parent, since pollen (from male parent) having no plastids [50]. Whilst ITS located in 

nuclear genome is biparental inherited from their both male and female parents. This result 

showed that both chloroplast and nuclear genomes marker resulted similar pattern genealogies 

of complex edible M. acuminata cv. AA and AAA. The genomic groups of AA and AAA 
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possibly cannot be clearly separated since both are very closely related and derived from the 

same of a particular species and subspecies of ancestors i.e. M. acuminata with continuous 

variation and mutations. Further, the addition of one set of chromosomes through 

autopolyploidy also did not change the cultivar genetic constitutions [51]. 

During evolution, banana cultivars may first exist from clone selection of wild cultivated 

M. acuminata population (AAw) and then in regions where the diffusion of plants occurred 

(exchange or via human migration) hybridization with other M. acuminata subspecies wild 

cultivated populations and partly fertile clones (AA) from different origins led to the generation 

of more sterile AA diploids, and the more vigorous and nearly sterile triploids (AAA) [3]. 

Banana cultivars are reproducing asexually with rhizomes, thus maintaining those constituents 

of genetic variation from natural hybridization and mutations. 

In details, Clade I comprise of Inarnibal Subgroup (Pisang Berlin, Pisang Orlin), 

Cavendish subgroup (Pisang Cebol, Pisang Kreas) and Gros Michel subgroup (Pisang 

Kongkong and Pisang Ambon Hong), which separated into three haplotypes (Figs. 3 and 4). 

Subgroups Cavendish and Gros Michel were identical (similarity 100%) and clustered in 

Haplotype 2, except Pisang Kreas which separated by a single point mutation (site position 727, 

transition) in Haplotype 6 (similarity 99.86%). Within Inarnibal Subgroup, Pisang Orlin was 

found identical with Cavendish and Gros Michel (H2), whilst Pisang Berlin was separated from 

Pisang Orlin by a single point mutation (site position 721, transversion) in Haplotype 1 

(similarity 99.86%).  

Clade II comprises of Sucrier subgroup (Pisang Mas, Pisang Rayap) and Red Subgroup 

(Pisang Moseng, Pisang Billa), which separated into three haplotypes (Figs. 3 and 4). Within 

Sucrier subgroup, Pisang Mas and Pisang Rayap were identical clustered in Haplotype 3 

(similarity 100%). Meanwhile within Red subgroup, Pisang Billa and Pisang Moseng were 

separated into their own haplotypes (H4 and H5) connected to Haplotype 3 with similarity 

99.58%. The haplotype separation of both cultivars possibly due to adaptation to their specific 

habitat i.e. Sumbawa Island and Madura Island, respectively. The occurrence of several 

polymorphic nucleotides between haplotype pairs indicates that the target region has a high 

substitution rate [52]. Pisang Billa has the highest substitution rate separated with Haplotype 3 

with two polymorphic nucleotides (site position 4 & 5). Mutations are very important for the 

evolutionary process, enable organisms to reproduce more effectively and adapt well to 

changing environments [53]. The finding of this study suggests that genetic diversity of matK 

gene sequences within M. acuminata cv. AA and AAA are highly conserved, lack of 

polymorphisms, low nucleotide diversity, and high genetic similarity; but considered sufficient 

to discriminate at intraspecific level of banana cultivars through haplotype network and 

phylogenetic analysis. 

Implications for conservation and banana breeding 

Assessment of genetic diversity within M. acuminata cv. AA and AAA provides 

important information genetic basis which imply to conservation prioritization strategy and for 

further dessert banana breeding and development purposes. For ex-situ conservation strategy, 

banana cultivars which genetically revealed identical (placed at the same haplotype) are 

ineffective and inefficient. Banana cultivars clustered in Haplotype 2 (Pisang Orlin, Pisang 

Ambon Hong, Pisang Kongkong, and Pisang Cebol) and Haplotype 3 (Pisang Mas and Pisang 

Rayap) were revealed identical, thus if resources are limited, it suggested being chosen one of 

them (each haplotype) as a representative collection. However, for in-situ/ on-farm conservation 

is encouraged to plant diverse banana local cultivars to manage climatic risks, strengthen the 

resilience of pest and diseases outbreaks, and to secure food sources. Further, there are evidence 

of local banana genetic erosion through genetic uniformity of common cultivated commercial 

cultivars which replaced and reduced the cultivation of potential local cultivars [7]. 

All bananas M. acuminata cv. AA and AAA examined in this study are valuable genetic 

resources with several important and potential traits although considered less genetically 
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diverse based on matK marker. Some local/traditional cultivars are having breeding potentials 

such as partial resistance to pests and diseases, high nutrition values, post-harvest quality, etc. 

[54]. Particularly for M. acuminata cv. AA can be used as the male parent in crosses 

hybridization with tetraploids to produce triploids in banana breeding [55]. Later, banana 

breeding through genomic tools enable to exploit similarities between close-related bananas to 

find, identify and evaluate the genes responsible for particular traits and how to bring them 

together in a new cultivar. Thus, further research using functional DNA-based markers is 

suggested to evaluate the diversity of banana germplasm and its precise properties, such as to 

characterize disease resistances, stress-related and other genes, and in the future can be 

expected to enable the measurement and mapping of quantitative trait loci [56]. As well as 

exploration and conservation of banana genetic resources also utilization of banana genetic 

diversity using novel approaches for understanding are required urgently. 

 

Conclusions 

 

The newly designed matK marker has proven to be effective for PCR within desert 

bananas of M. acuminata cv. AA and AAA. Further testing for its universality is required by 

involving taxonomically diverse samples across Angiosperms. Genetic diversity of matK gene 

sequences within M. acuminata cv. AA and AAA are highly conserved, lack of polymorphisms, 

low nucleotide diversity, and high genetic similarity. However, it was sufficient to discriminate 

at intraspecific level of desert bananas. Both haplotype network and phylogenetic tree were 

separated into two clades, following its genomic subgrouping. The genetic diversity within 

genomic group AAA is higher than AA. Both genomic groups cannot be clearly separated due 

to continuous genetic variation and mutations. All bananas M. acuminata cv. AA and AAA 

examined in this study are valuable genetic resources with several important and potential traits 

although considered less genetically diverse based on matK marker. Further research using 

functional DNA-based markers is suggested to evaluate the diversity of banana germplasm and 

its precise properties. 
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