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Abstract 

 

Global annual banana and plantain production estimated at 100 million tonnes is generally 

insufficient given an ever-increasing population especially for regions where bananas and 

plantains are a staple food. Manipulation of the genetics of bananas through various methods 

such as conventional and mutation breeding, cytogenetics, genomics, genetic transformation and 

application of tissue culture techniques and morphological, biochemical and molecular markers 

hold promise to improve production. 
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Introduction  

Bananas and plantains (Musa spp.) are the fourth most important crops in the developing world 

after rice, maize and wheat in terms of gross value of production and important staples and 

income generating fruits for millions of poor people in the tropical and subtropical countries 

(Ssebuliba et al., 2005; FAOSTAT, 2007). They are divided into two main categories: dessert 

and cooking bananas, the former constituting 43% of the world production and are usually eaten 

fresh when ripe, since they are sugary and easily digestible. Cooking bananas, which account for 

57% of the world production, are usually starchier when ripe and boiled, fried or roasted (Jones, 

2000). Cavendish bananas, which are dessert bananas constitute the most commercially 

important component of world banana production, accounting for 47% of the global banana 

production (Arias et al., 2003).  

 

Frison and Sharrock, (1999) estimated the world annual production at 103 million tonnes, of 

which about a third is produced in each of the African, Asia-Pacific and Latin American and 

Caribbean regions. Recent estimates put world banana and plantain production at about 100 

million tonnes (FAOSTAT, 2008). About 87% of the world banana/plantain production is by 

small-scale farmers for home consumption or for sale in local and regional markets (Frison and 

Sharrock, 1999). Africa produces nearly 31 million tonnes of bananas yearly, which is mostly 

consumed without entering the international market system. About 1% of the annual 20 million 

tonnes of banana produced by the eastern and southern African regions is exported, while the 

western and central African regions export 4 % of their 11 million tons annual production. 

Production levels especially for the sub-saharn Africa are below potential levels due to numerous 

challenges facing the banana sector. 

 

Problem statement 

 

Banana production in general is beset with a number of challenges, which include variability of 

genetic material, low productivity, drought, poor husbandry practices and susceptibility to 

diseases and pest infestation. Bananas throughout the world suffer from relatively small number 

of pests and diseases which are highly devastating to yield and production (Swennen et al., 

1989). Among the most serious pests and diseases are banana weevil (Cosmopolites sordidus), a 
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complex of nematodes (Pratylenchus goodeyi, Helicotylenchus multicinctus and Radopholus 

similis), black streak/black Sigatoka (Mycosphaerella figiensis), yellow Sigatoka 

(Mycosphaerella musicola), Fusarium wilt (Fusarium oxysporum) also called Panama disease, 

banana bunchy top virus and banana streak virus. Of these black streak/Sigatoka is considered to 

be the most serious biotic constraint to banana and plantain production in Africa (Swennen et al., 

1989). The quality and quantity of the fruit is generally low because of the above pests and 

diseases that affected banana production considerably in Africa.  

 

The abiotic and biotic challenges dwindling banana production can be addressed through various 

means, which include genetic improvement. There is enormous potential for increasing yields in 

bananas and plantains through genetic improvement (de Vries et al., 1967). This potential 

remains to be fully exploited in the sub Saharan Africa and other parts of the world despite 

considerable advances in the understanding of the genetic basis of specific traits in Musa (Ortiz, 

1997), which form the basis for future genetic improvement programmes. However, there are 

various genetic improvement programmes employed in various countries. This review details 

progress made in different banana genetic improvement programmes. 

 

Evolutionary origins of bananas and plantains  

 

Cultivated bananas are believed to have resulted from interspecific hybridisation of two wild 

seminiferous diploid species, Musa acuminata (AA) and M. balbisiana (BB) that were donor of 

the A and B genomes, respectively (Pillay et al., 2003; Pollefeys et al., 2004). The natural intra 

or interspecific hybridisation of the two species was possible because the wild species are fertile 

(Carreel et al., 2002). The hybridisation gave rise to three additional genotypes, AB, AAB, and 

ABB (Carreel et al., 2002). The evolutionary pathway, which led to the emergence of cultivated 

varieties, involved two critical events. Initially vegetative parthenocarpy and female sterility 

appeared in M. acuminata, allowing the production of pulp without seeds as evidenced by the 

occurrence of parthenocarpic and seedless diploid M. acuminata (Simmonds, 1962). 

Parthenocarpy is believed to be based on mutations in A genome because it has not been 

identified in B genome yet hybrids of A and B show the character (Heslop-Harrison and 

Schwarzacher, 2007). Secondly, crosses within M. acuminata (intraspecific hybridisation) or 
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between M. acuminata and M. balbisiana (interspecific hybridisation), coupled with female 

restitution and haploid fertilization, which implies formation of diploid (2n) gametes, gave rise to 

homogenomic hybrids which are essentially AAA dessert and highland bananas and 

heterogenomic hybrids comprising the AAB plantains and the ABB cooking bananas (Pillay et 

al., 2004; Raboin et al., 2005).  

 

Historical origins and centres of diversity of bananas and plantains 

 

The exact origins of banana and its domestication remain in doubt. However, the earliest 

evidence of banana in the archaeobotanical record, provided by phytoliths (literally “plant 

stones”) is from Papua New Guinea (PNG), which is an island country of south East Asia 

(Vrydaghs and De Langhe, 2003). Wilson (1988) reported the occurrence of Musa phytoliths at 

Kuk site, in the upper valley of the Wahgi on Mount Hagen in Papua New Guinea. 

Modern bananas and plantains appear to have originated in the south-east Asian and western 

Pacific regions where their inedible, seed-bearing, diploid ancestors can still be found in the 

natural forest vegetation (Simmonds, 1966). In the wild, they are distributed in forest habitats of 

Asian-Pacific region ranging from Australia, the Pacific to northern India. The region also 

comprises other countries like, Bangladesh, Nepal, Bhutan, Myanmar, Indonesia, Malaysia, 

Solomon Islands, Papua New Guinea, Fiji and Samoa and is renowned for its richness in agro-

biodiversity consisting of primitive forms, landraces and farmers‟ varieties (FAO, 2002).  

 

Wild parents of bananas are found in the Asian-Pacific region which is a primary centre of 

diversity of bananas and the greatest diversity of banana cultivars, are known to grow in this 

region, each adapted to a specific ecoregion and selected by farmers for special eating or cooking 

qualities (Pillay, et al., 2004). There are other two important secondary centres of diversity 

outside of South East Asia. One exists in humid lowlands of West and Central Africa, where the 

greatest variability of plantains in the world occurs hence considered a secondary centre of 

plantain diversification. The other is in East Africa Highlands around the Great Lakes Zone 

where a distinct group of highland cooking and beer bananas are grown. This region is 

considered a secondary centre of diversity for the East African Highland banana cultivars (Musa 

sp. AAA) (Pillay, et al., 2004). Diversity among cultivated bananas has developed through 
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natural mutations and /or hybridisation involving wild diploids, M. acuminata (AA) and M. 

balbisiana (BB). Genetic variability is valuable in bananas since sterility of most bananas makes 

generation of variation through hybridisation almost impossible. Therefore, efforts are being 

made to conserve it in different countries around the world. A large proportion of cultivated 

banana cultivars diversity is also maintained in vitro in the International Musa Germplasm 

Collection by the International Network for the Improvement of Banana and Plantain (INIBAP) 

at the Katholieke Universiteit Leuven in Belgium (Nsabimana and Staden, 2006)  

 

Classification of bananas 

 

Banana is a herb of the family Musaceae, which are large, often tree-like perennial herbs 

comprising two genera, Musa and Ensete (Gill, 1988). Genus Ensete is composed of monocarpic 

herbs, none of which bear edible fruits but can be used as fibre and vegetable while Musa 

provides both fruit and fibre. The genus Musa L. that comprises bananas and plantains is 

generally divided into four sections, which are Eumusa, Rhodochlamys, Callimusa and 

Australimusa. Another section Ingentimusa, was created to accommodate the species M. ingens 

(2n=14) found in the highlands of Papua New Guinea (Argent, 1976). Table 1 shows banana 

classification based on recent classification of flowering plants (Bremer et al., 1998). The section 

Eumusa is the largest and geographically widespread and has given rise to the majority of 

cultivated bananas and plantains. All cultivated banana in Africa belong to Eumusa section 

(Laisnez, 2005) while the section Australimusa contains the Fe‟i bananas and includes M. 

textiles, which is of commercial importance for its fibre. The Rhodochlamys and Callimusa 

sections comprises individuals of ornamental interest (Pillay et al., 2004). The genus Musa has 

five sections based on differences in chromosome numbers and morphological characters. 

However, validation of the classification system is questionable due to hybridisation incidents 

across sections. Amplified Fragment Length Polymorphism (AFLP) analysis has shown no 

distinct genetic differences between section Rhodochlamys and Eumusa suggesting merging of 

the two while sections Callimusa and Australimusa were also not genetically distinct and would 

be merged into a single section (Wong et al., 2002). Despite these findings, classification system 

is still confused with other authors recognizing only four sections excluding Ingentimusa 

(Dolezel and Bartos, 2005; Bartos et al., 2005). 



                IJPSS            Volume 2, Issue 12            ISSN: 2249-5894 
___________________________________________________________       

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage, India as well as in Cabell’s Directories of Publishing Opportunities, U.S.A. 

International Journal of Physical and Social Sciences 
http://www.ijmra.us 

 

 

69 

December 

2012 

 

Table 1 Classification of bananas. 

Classification 

Kingdom Plantae 

Super phylum Tracheata 

Phylum Angiospermophyta 

Class Monocotyledoneae 

Superorder Zingiberanae 

Order Scitamineae/ Zingiberales 

Family Musaceae 

Genus chromosome 

number 

Section Distribution Species 

number 

Uses 

Ensete 9  W. Africa to 

New Guinea 

7-8 Fibre, 

Vegetable 

Musa 10 Australimusa Australia to 

Philippines 

5-6 Fibre, Fruit 

10 Callimusa Indo-China 

and Indonesia 

5-6 Ornamental 

11 Eumusa South India to 

Japan and 

Samoa 

9-10 Fruit, Fibre, 

Vegetable 

11 Rhodochlamys India to Indo-

China 

5-6 Ornamental 

14 Ingentimusa Papua New 

Guinea 

1  

Source: Laisnez, 2005 

 

Genomes in Musa 

 

Cultivated bananas are known to exhibit four genomes, A, B, S and T, the A, B and S genomes 

are characteristic of species in the section Eumusa. The A and B genomes were derived from 
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wild diploid species M. acuminata and M. balbisiana respectively (Cheesman, 1948). The S 

genome is known to be present only in the diploid M. schizocarpa (2n=2x=22), while the T 

genome is characteristic of the section Australimusa (2n= 2x= 20). Cultivars with the S and T 

genomes have been identified in Papua New Guinea (Shepherd and Ferreira, 1984) and are found 

in a few cultivars unlike A and B (Sharrock, 1989). The classification of edible bananas into 

genomic groups is based on a system developed by Simmonds and Shepherd, (1955). Under this 

system, 15 morphological features characteristic of M. acuminata and M. balbisiana were 

isolated and designated arbitrary numerical values ranging from 1 to 5, which were used to score 

the features. Using the visual assessment of the features to assign scores and knowledge of 

chromosome numbers of the plants, banana plants were assigned to various genome groups. The 

major genomic groups include diploids (2n=2x=22) (AA, BB, AB), triploids (2n= 3x=33) (AAA, 

AAB, ABB, BBB) and tetraploids (2n=4x=44). (AAAA, AAAB, AABB, ABBB). Although the 

genomic groups are based on morphological data, modern genetic techniques have largely 

supported this grouping (De Langhe, 2000). Genome composition has played an important role 

in the classification of bananas. Clones that share similar characteristics are considered to have 

arisen from a single base clone by mutation to form subgroups. Bananas that constitute each 

genomic group can however be very different. For instance, the AAA group contains the sweet 

dessert bananas as well as the cooking bananas of the East African highlands (Pillay et al., 

2004). 

 

Genomic groups with S genome include AS, AAS and ABBS, while those with the T genome are 

AAT, AAAT and ABBT (D'hont, et al., 2000). Carreel (1995) reported that molecular markers 

revealed that M. schizocarpa and one or more species from the section Australimusa played a 

role in the origin of some cultivars in Papua New Guinea. Genomic in situ hybridisation has 

helped to validate the involvement of the S and T genomes in some of these cultivars (D'hont, et 

al., 2000). 

 

Most cultivated bananas are triploids. They vary in genome composition with the most common 

types being AAA (dessert), AAB (plantain) and ABB (cooking banana). Banana improvement 

programmes employ interspecific hybridisation for gene introgression, therefore knowledge of 

the exact ploidy level and genome composition of a plant is important for breeding purposes 
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(Pillay et al., 2003). Crossing a triploid banana with diploid accessions generates diploid, 

triploid, tetraploid, aneuploid and hyperploid progeny (Vuylsteke et al., 1993a). The selection of 

a hybrid of a desired ploidy level requires precise determination of ploidy of its parents. The 

ploidy level of a plant is generally determined either by a physical count of its chromosomes or 

by DNA flow cytometry (Pillay et al., 2003).  

 

Musa improvement programmes 

 

Despite the importance of bananas and plantains in international trade and food security 

especially in tropical regions, little has been done to genetically improve them in comparison to 

other major food crops. This is because major advances in Musa productivity have traditionally 

relied on improvements in crop husbandry practices (Crouch et al., 1999). Musa breeders face 

many problems specific to this crop, which retard genetic improvement. Cross breeding, that 

involves gene recombination, is difficult in Musa due to extremely complicated genetic systems 

such as different genomic constitutions, heterozygosity, polyploidy and sterility of edible 

varieties (Bhat et al., 1995). The main hindrances to genetic improvement of Musa spp are; (i) 

most bananas and plantains are triploids, therefore virtually or completely sterile because plant 

triploids generally do not produce viable gametes during meiosis due to chromosome pairing 

problem, and (ii) bananas have long life cycle of almost two years from seed to seed (Crouch et 

al., 1998; Heslop-Harrison and Schwarzacher, 2007). Seed set, seed quality and embryo 

germination has also been found to be cultivar dependent hence only a few cultivars are available 

as females for crossings yet success in banana breeding relies on the identification of female 

fertile landraces that produce high rate of quality seeds (Ssebuliba et al., 2006). 

 

However, breeders have generated promising tetraploid hybrids through interspecific and 

intraspecific hybridisation of triploid landraces with diploid accessions from wild, cultivated or 

improved gene pools (Ortiz and Vuylsteke, 1995). Creation of the tetraploids hybrids takes 

advantaged of rare residual female fertility present in some triploids (Ortiz and Vuylsteke, 1995). 

Further, mutation breeding has been employed in Musa breeding programmes. Hautea et al. 

(2004) reported that induced mutation either by chemicals or irradiation, coupled with in vitro 

propagation technique such as shoot-tip culture has been established as a tool for genetic 
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improvement by generating variations in banana cultivars. The use of mutation agents such as 

nuclear irradiation to induce variability in crops championed by the International Atomic Energy 

Agency (IAEA) has over the years resulted in numerous crop varieties in wheat, barley, oats, 

rice, beans, onions apples, grapes and soybeans (Micke, 1991).  

 

The recent advances in biotechnology offer possibilities of generating planting materials that can 

tolerate or withstand both abiotic and biotic challenges facing bananas. Genetic transformation 

has become an important tool for crop improvement. Relative success in genetic engineering of 

bananas and plantains has been achieved recently, enabling the transfer of foreign genes into the 

plant cells. Lately, transgenic approaches have been reported to provide solutions to Black 

Sigatoka and nematodes control through production of disease resistant plants (Tripathi, 2003).  

 

Conventional banana breeding 

 

Important progress has been made in the genetic improvement of Musa through several 

conventional breeding programmes across the world, which have generated promising tetraploid 

hybrids, with combined good agronomic performance and disease resistance (Escalant et al., 

2002). These new varieties are now becoming available from breeding programmes. The 

important Centres for banana and plantain improvement are in; Hondurus, at the Fundacion 

Hondurena de Investigacion Agricola (FHIA); in Onne, Nigeria, at the International Institute for 

Tropical Agriculture (IITA); in Brazil, at the Empresa Brasileira de Pesquisa Agropecuaria 

(EMBRAPA); in Montpellier, France at the Centre International de Recherches Agricole pour le 

Développment (CIRAD-FLHOR); in Cameroon, at the Centre de Recherches sur la Banane et 

Plantain (CARBAP); at the Agricultural Research Centre in South Africa; and at the Banana 

Board of Jamaica (Escalant et al, 2002, Pollefeys et al., 2004).  

 

The tetraploid hybrids stem from a hybridisation technique first developed by FHIA and now 

adopted by other programmes. It is based on interspecific and intraspecific hybridisation of 

triploid landraces with diploid accessions from wild, cultivated or improved gene pools 

(Vuylsteke et al., 1993b; Vuylsteke et al., 1995). Improved fertile diploids possessing useful 

resistance traits introduced from wild sources in an improved genetic background are used to 
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pollinate popular triploids varieties to produce tetraploid hybrids. The resultant tetraploid hybrids 

express traits of both parents. Using this system FHIA has produced a number of improved 

tetraploid hybrids some of which are widely distributed and are adopted by farmers in some 

countries (Escalant et al, 2002). Various improved varieties incorporating disease resistance have 

been produced by all major breeding programmes and have been sent to the International 

Network for the Improvement of Banana and Plantain (INIBAP) for testing (Table 2) (Escalant 

et al., 2002).  

 

Table 2 Improved banana varieties from conventional breeding programmes. 

Breeding 

Programme 

Group Accession 

FHIA Sweet varieties FHIA-02, FHIA-17, FHIA-23, SH-3640 

FHIA Sweet-acid FHIA-01, FHIA-18 

FHIA Cooking FHIA-03, FHIA25 

FHIA Plantain FHIA-21 

IITA Cooking BITA-2, BITA-3 

IITA Plantain-type PITA-16 

CARBAP Plantain-type CRBP-39 

CIRAD Dessert IRFA-911, IRFA-904 

EMBRAPA Sweet-acid PA-03-22, PA-12.03, PV-03-44, PV-42-320, 

PV-42-53, PV-42-81 

Source: Escalant et al., 2002 

 

In 1987, IITA screened Musa accessions for resistance to black sigatoka/ black streak and found 

30 sources of resistance, mainly from fertile diploid types (Swennen and Vuylsteke, 1991). 

Resistant tetraploid hybrids were developed following breeding techniques developed by Rowe 

and Rosales (1993). Researchers crossed male-fertile, resistant diploid accessions with female 

fertile, triploid cultivated varieties to obtain resistant tetraploids. Additional diploid accessions 

produced through this process have since been crossed with tetraploid hybrids to obtain male-

sterile, secondary triploids (Ortiz and Vuylsteke, 1994). IITA has developed five hybrid cultivars 

(PITA-2, PITA-3, PITA-8, PITA-14 and PITA 17) with resistance to black sigatoka. Another 
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IITA line PITA-14 has been shown to be black sigatoka resistant and virus tolerant (Ortiz and 

Vuylsteke, 1998).  

 

The main constraints of this breeding strategy are; (i) very low fertility of the desired female 

triploid parents, and (ii) residual fertility in the tetraploid progeny leads to seed bearing fruits 

under certain circumstances, which is undesirable in the banana industry. To overcome the latter 

constraint, tetraploids undergo additional crosses to produce secondary sterile triploids (Escalant 

et al., 2002). Another challenge facing the tetraploid hybrids is that progeny of tissue-culture 

tetraploid hybrids have been diagnosed with high percentage infection of Banana Streak Virus 

(BSV) and have been quarantined in some parts of the world (Frison and Sharrock 1998). 

Despite these challenges, tetraploid banana hybrids have potential for increased production 

because of their favourable traits, which will eventually lure commercially, minded farmers 

resulting in increased adoption rate. 

 

Mutation breeding of bananas 

 

Spontaneous somatic mutations are known to have played a major role in speciation and 

domestication of bananas and plantains. As an evolutionary force, mutations potentially alters 

frequencies of alleles within a population, which is vital to upsetting genetic identity of a 

population (Harlt and Clark, 1989). In the case of bananas, there is a school of thought that 

present banana diversity is due to evolutionary selection in prehistorical time from spontaneous 

mutations, naturally occurring mutations (Buddenhagen, 1986). Unfortunately, the rate of 

occurrence of spontaneous mutations is too low to provide sufficient genetic variability to meet 

practical breeding needs. Consequently, mutagenic agents such as radiations and certain 

chemicals such as sodium azide, diethyl sulphate and ethel methanesulphonate have been used to 

induce mutations at higher frequency and generate genetic variability from which desirable 

mutants may be selected. Induced mutation techniques are especially important for banana and 

plantains where there is limited sexual reproduction that can generate sufficient genetic variation, 

the basis for selection and breeding (Bhagwat and Duncan, 1998a; Roux, 2004). Induced 

mutation coupled with in vitro propagation techniques such as shoot-tip culture has been 

established as a tool in mutation breeding for generation of variation in a number of vegetatively 
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propagated crops (Micke, 1991; Donini and Sinnino, 1998). Induced mutants are usually 

differentiated from each other and from the original cultivar by phenotypic analysis based on 

agromorphological and physiological traits (Hautea et al., 2004). In vitro mutagenesis raised 

hopes in the 1980s and 1990s but not many useful mutants were obtained through this method 

due to high degree of chimerism (mixoploid) that occurs during mutagenesis (Roux et al., 2004). 

Chimerism refers to a condition where cells or tissues exhibit two different genotypes, which is a 

result of cells, or tissues having different chromosome numbers within the same individual, also 

called mixoploidy. Mixoploidy often result in abnormally developed plants. Use of somatic 

embryogenic cell suspensions for mutagenesis has proved to be an effective way for eliminating 

chimeras since embryos are presumed to regenerate from single cells (Van Harten, 1998). 

 

The Taiwan Banana Research Institute (TBRI) is one of the institutions conducting banana 

mutation breeding. Mutant variants of Cavendish bananas with resistance to race 4 of Fusarium 

wilt have been identified at TBRI. Four such accessions (GCTCV-247, GCTCV-106, GCTV-215 

and GCTCV-119) were forwarded to INIBAP (Escalant et al., 2002). Using gamma rays, Roux 

(2004) reported different banana mutants with improved morphological characteristics of bunch 

size and cylindrical shape (mutant line name: Klue Hom Thong KU1) in Thailand, and plant 

height (dwarfness) (mutant line names: SH3436-L9 and 6.44) in Cuba. Mutants with increased 

tolerance to Fusarium oxisporium (mutant line names: Mutiara and Novaria) in Malaysia and to 

toxin of Mycosphaerella fijiensis (mutant line names: GN35-I to GN35-VIII) by IAEA were 

reported. Apart from gamma rays, ion beam technique has been used to produce a wide range of 

mutants (Reyes-Borja et al, 2007). Fukuda et al. (2004) indicated that ion beams frequently 

produced large DNA alteration such as inversion, translocation, and large deletion rather than 

point mutation, resulting in producing desirable characteristics in mutant banana. These mutation 

breeding success stories point to a critical role that this technology has in banana genetic 

improvement endeavours and emphasizes the need to harness and regulate seemingly dangerous 

technologies to the benefit of mankind. 

 

Banana tissue culture 
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In banana production use of pest and disease infected suckers in new fields, has been identified 

as the major reason for the spread of pests and diseases (Jones and Diekmann, 2000). Fungal and 

bacterial wilt pathogens can occur symptom-less in the roots and rhizomes of suckers taken from 

infected fields, while nematodes, banana weevils and Sigatoka diseases can also be transmitted 

through infected material (Viljoen et al., 2004). The introduction of tissue culture 20 years ago as 

first generation biotechnology tool led to the production of genetically uniform and disease free 

planting material (Viljoen et al., 2004). Plant tissue culture is the science of growing plant cells, 

tissues, or organs isolated from the mother plant, on artificial media. Both organized and 

unorganized growth is possible in vitro (George, 1993). Organised growth of banana tissue in 

vitro is limited to embryo culture and shoot tip culture. Embryo culture, which is the culture of 

embryos on nutrient media, is an important aid for classical breeding in banana since the 

germination frequency of seed is extremely low. Embryo rescue, which is an in vitro technique 

used to culture hybrid embryos which otherwise abort in vivo, can increase this frequency 10 

times (Vuylsteke and Swennen, 1992). Major applications of shoot tip culture are mass clonal 

propagation and germplasm conservation. In the former already existing shoot tips are stimulated 

to multiply rapidly while in the latter multiplication rate is slowed down for conservation 

purposes. This technique is employed to conserve the international Musa germplasm collection 

at INIBAP Transit Centre at K.U. Leuven (Strosse et al, 2004). In vitro banana collection 

maintenance is labour intensive even under reduced growth conditions and loss of accessions due 

to contamination and human error is possible. Moreover, in vitro material is subject to 

somaclonal variation, which contravenes the purpose of conservation. Cryopreservation or 

freeze-preservation at ultra-low temperatures (-196°C) is the preferred method since under these 

conditions; biochemical and most physical processes are docile, so plant materials can be stored 

for unlimited periods (Panis et al., 2004). Tissue culture techniques have therefore a vital role to 

play in banana production by providing disease and pest free planting materials as well as 

conserving banana germplasm which harbour gene diversity on which future genetic 

improvement programmes rely. 

 

Tissue culture of banana via multiple shoot tip culture based on addition of cytokinins to 

standard media has become a wide spread method of propagating selected, clean clones for 

cultivation in fields and plantations (Vuylsteke et al, 1997). In Kenya and Tanzania selected 
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farmers have adopted cultivation of tissue-cultured banana plants on both large and small scale. 

Tissue cultured banana plants exhibit significant increased vigour and yield and early maturity. 

Although tissue culture plants are generally free from fungi, bacteria, insects and nematodes, 

they are not necessary free from viruses (Viljoen et al., 2004). Banana Streak Virus (BSV) is 

wide spread among banana and plantain germplasm and it is difficult to obtain BSV-free 

plantlets through tissue culture. Although indexing for the absence of viruses before 

multiplication of plant material through tissue culture has been successful for many viral 

diseases, it still remains a challenge for BSV in bananas (Dahal et al., 1998).  

 

Tissue culture is also associated with generation of genetic variation. Variants can be induced 

during the in vitro propagation of bananas by means of prolonged sub-culturing in the presence 

of growth regulators, by mutagenesis through chemical treatment or by irradiation (Bhagwat and 

Duncan 1998a; Xu et al., 2006). Through the tissue culture process disease resistant somaclonal 

variants are generated and can be selected (Jain, 2001). Oh et al. (2007) demonstrated that some 

genomic regions of Musa show higher rearrangement and mutational rates than others under 

stresses imposed by tissue culture. Induction of somaclonal variation through tissue culture is 

another way of broadening; otherwise narrow genetic pool of natural hybrids of bananas. 

However, generation of somaclonal variation with disease resistant resultant plants is a tedious 

process with low success rates. Banana cultivar improvement by somaclonal variation was 

demonstrated in Taiwan by Hwang and Ko (1988) who selected somaclones resistant to F. 

oxysporum. No somaclonal variants have been found so far with good tolerance to Sigatoka, 

Banana weevil, nematodes or virus diseases like Banana Bunchy Top (Viljoen et al., 2004). 

 

Another technique of banana genetic improvement that uses tissue culture principles is the use of 

protoplasts. Protoplasts are totipotent, naked cells lacking cellwalls capable of reforming a cell 

wall and later initiate either a callus or a somatic embryo. In banana, protoplasts are obtained 

from in vivo tissues or in vitro cultures. The development of protoplast system allows 

regeneration of plants from single cell/protoplast and is considered as a complimentary technique 

to conventional breeding in its applications to somaclonal variation, genetic transformation and 

somatic hybridisation. Nakedness of protoplast renders them useful for uptake of foreign genetic 

material and production of somatic hybrids through protoplast fusion (Haicor et al., 2004). 
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Banana is now easily amenable to in vitro culture and plants are regenerated from various 

explants through organogenesis (Cronauer and Krikorian, 1986), embryogenesis (Cote et al., 

1996), anther culture (Kerbelec, 1996) and even from cultured protoplasts (Panis et al., 1993). 

Through genetic engineering, it has become possible to confer new traits on banana plant using 

particle bombardment (Sagl et al., 1995) or Agrobacterium-mediated transfer (May et al., 1995). 

Protoplasts facilitate direct transformation of plant cells by DNA microinjection and 

electroporation (Haïcour et al., 2004). Through protoplast fusion, useful traits can be transferred, 

even if detailed genetic or molecular knowledge of genes encoding for these desired traits is 

lacking (Jones, 1988). Therefore protoplast fusion is a complementary tool to increase nuclear 

and cytoplasmic variability and to confer desirable agronomic traits (Haïcour et al., 2004). 

 

It is obvious that tissue culture in its many forms and applications is a needed instrument for 

advancement of banana production worldwide.  

 

Cytogenetics and genomics of bananas 

 

Limited knowledge in the genetics of banana cells (cytogenetics) and the function of genes 

(genomics) is partly to blame for minimal advancement in genetic improvement of Musa spp. 

With most cultivated clones highly susceptible to banana pests and diseases caused by 

pathogenic fungi, bacteria and viruses, banana production has been under threat and classical 

breeding of improved disease resistant material has been hampered by complicated genetic 

system of Musa (Doleel et al., 2004). Classical breeding approaches coupled with 

biotechnological and molecular techniques can result into a formidable tool for Musa 

improvement.  

 

Cheesman (1932) reported initial efforts to characterise nuclear genome of Musa at the 

chromosomal level. Division of genus Musa into four sections (Eumusa, Rhodochlamys, 

Callimusa and Australimusa) was a result of correct determination of chromosome numbers. 

This classification is based on basic chromosome number and morphological characteristics 

(Cheesman, 1947). Doleel et al. (1997) demonstrated that rapid and reliable ploidy screening in 

Musa could be performed using DNA flow cytometry. The method led to accurate classification 
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of some clones. For instance, several well-known clones previously thought to be tetraploids 

were found to be triploids (Horry et al., 1998). Additionally, accurate determination of ploidy is 

essential even in breeding because choice of successful hybridisation cultivar partners depends 

on knowledge of the candidates‟ ploidy.  

 

Over the years there has been a shift in chromosome studies from purely cytogenetic level to 

molecular level resulting in an era of molecular cytogenetics (Pillay et al., 2004). New 

techniques for genome analysis have been developed, such as restriction fragment length 

polymorphism (RFLP) (Botstein et al., 1980), randomly amplified polymorphic DNA (RAPD) 

(Williams et al., 1990), amplified fragment length polymorphism (AFLP) (Vos et al., 1995), and 

genomic in situ hybridisation (GISH) (Le et al., 1989). These tools have simplified the 

possibility of examining in greater detail the structure of plant genome. GISH is a technique, 

which uses labeled genomic DNA as a probe to differentiate chromosomes from different species 

by DNA in situ hybridisation. This technique is effective in distinguishing chromosomes from 

different plant genomes (Jiang, 1994). Significant progress has been made in the analysis of 

nuclear genome at molecular level but knowledge of the genome at the nuclear and chromosomal 

level is still sketchy.  

 

Integration of existing Musa genetic maps and physical maps of Musa genome has been 

enhanced by accumulation of sufficient numbers of cytogenetic markers across the Musa genome 

leading to an integrated genome map. An integrated genome map is an indispensable tool for 

effective breeding as well as for map-based cloning of genes of interest. Molecular cytogenetical 

methods that permit physical mapping of DNA sequences to Musa chromosomes have been 

developed and are useful in obtaining physical chromosome landmarks and to characterise 

various repetitive DNA sequences. Furthermore, understanding of chromosomal structure 

provides a basis for more targeted application of mutation techniques for breeding of improved 

cultivars of bananas and plantains (Doleel et al., 2004). Knowledge in the cytogenetics and 

genomics of Musa spp serves as a valuable base for future manipulation of Musa genes in 

addressing some of its challenges whose solutions would depend on genetic engineering. 

Conventional breeding also benefits from this knowledge since reproductive fertility of bananas 

is dependent on correct cytogenetics and genomics of gametes.  
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Genetic transformation of bananas 

 

Genetic transformation offers an alternative way of improving Musa and some success has been 

registered using microprojectile bombardment of embryogenic cell suspensions (Sagi et al., 

1995; Becker et al., 2000). Agrobacterium-mediated transformation however, offers some 

advantages over direct gene transfer methodologies such as particle bombardment and 

electroporation. Agrobacterium-mediated transformation has the advantages of transferring only 

one or few copies of DNA fragments carrying the genes of interest at higher efficiencies yet at 

low cost and the transfer of very large DNA fragments with minimal rearrangement (Shibata and 

Liu 2000). Low copy number of inserted genes is preferred, because it results in higher 

expression of desired traits in the transformants. Protocols have been developed for 

Agrobacterium-mediated transformation of embryogenic cell suspensions as well as using shoot 

tips from various cultivars of Musa (Ganapathi et al., 2001; Tripathi et al., 2002). Detection of 

Fusarium wilt at molecular level has been enhanced by use of improved 

electrochemiluminescence polymerase chain reaction (ECL-PCR) method (Wei and Zhou, 

2008). Stable and transient expression of introduced genes has been observed in a range of 

banana cultivars, including Williams and Grande naine (AAA Cavendish), Gros Michel (AAA 

dessert banana) Three hand planty, French somber and Currare (AAB plantain), Bluggoe, 

Cardaba and Monthan (AAB cooking banana), Rastali (AAB, sweet-acid) and FHIA-23 (AAAB, 

tetraploid hybrid) (Escalant et al., 2002).  

 

Banana plants have been transformed with anti-fungal genes by the Katholeike Universiteit 

Leuven (KULeuven), Centro de Investigacióny de Estudios avanzados del IPN 

(CINVESTAV/CATIE) and SYNGENTA (Escalant et al., 2002). Genes for resistance to Banana 

Bunchy Top and Banana Bract Mosaic-viruses and genes controlling the ripening process have 

been used by Queensland University of Technology (QUT) and SYNGENTA respectively, to 

transform bananas (Escalant et al., 2002). Remy et al. (1998a) have reported progress on the 

development of new lines, through genetic modification, resistant to Fusarium wilt and Black 

Sigatoka diseases. Several field trials have been carried out with success (Aguilar and 

Kohlmann, 2006). Dauwers (2007) reported a field trail in Uganda of genetically modified (GM) 

banana with resistance to Black Sigatoka disease. The short communication indicated that the 
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GM banana was produced at the Laboratory of Tropical Crop Improvement in Leuven in 

Belgium. At KULeuven, testing of plants transformed with anti-fungal and virus-resistance 

genes had been on going in green houses (Escalant et al., 2002). Subramaniam et al. (2006) 

demonstrated resistance to Fusarium wilt disease in transgenic Pisang Rastali (AAB) by showing 

higher increased activities of enzymes that are associated with disease resistance in plants such 

as chitinase, β-1,3-glucanase, peroxidase and polyphenol oxidase than in non transgenic banana 

plantlets.  

 

 

Morphological, biochemical and molecular markers in banana 

 

Several methods have been used to investigate diversity in Musa germplasm. Morpho-taxonomic 

characters were the first to be developed and optimized for bananas and 119 descriptors were 

defined to characterise Musa germplasm (IPGRI, 1999). The Musa descriptors have been widely 

used in various morphological investigations.  For example, morphological studies of 105 

accessions of M. balbisiana in the Philippines showed a wide genetic variation (Sotto and 

Rabara, 2000). However, many morphological characteristics show a high degree of plasticity 

and continuous variation due to high influence of the environment (Wan et al., 2005). Besides, 

morphological markers are limited in number and they do not often reflect genetic relationships 

because of interactions with the environment, epistasis and largely unknown genetic control of 

the traits (Smith and Smith, 1989). In contrast, DNA markers are abundant and are not 

influenced by the environment or developmental stage of a plant, rendering them useful for 

genetic relationships studies (Reddy et al., 2002).  

 

Morphological characterisation has shaped the present understanding of diversity and 

classification of banana. For instance the genomic groupings of banana and plantains were first 

coined using morphological characters (Simmonds and Shepherd, 1955) hence morphological 

markers have a a role in diversity studies of bananas and should not be disregarded but rather 

should be complimented by other more precise recent biochemical and molecular markers. For 

instance, Cheniany et al. (2007) reported that two diploid wheat species (Triticum boeoticum 

Bioss. and Triticum urartu Thumanian ex Gandilyan) were proved to be two separate species 
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using isozyme variation reflecting their distinct gene pools and substantiating their previous 

specific recognition using hair length differences on leaf brades despite their overall 

morphological similarity. 

 

Various types of biochemical and molecular markers have been used to reveal the evolution and 

systematic relationship between Musa cultivars and species (Valarik et al., 2002). Great 

divergence among Musa species and a high level of differentiation of M. acuminata was 

demonstrated by Jarret and Litz (1986) and Horry and Jay (1998) who used biochemical markers 

based on isozymes and flavonoids, respectively. But, Isozymes and flavonoids are expressed 

only in certain tissues and depend on the developmental stages of the plant, making data 

collection and comparison between laboratories difficult (Ude et al., 2002). Furthermore, 

because of redundancy in the DNA code that dictates protein sequences, all changes in a gene 

may not result in a change in the overall charge of the protein expressed; yet protein 

electrophoresis depends on differences of net charges of samples. Consequently many genetic 

variants are not detected by protein-based markers like isozymes and allozymes.  

 

Molecular markers, though expensive in terms of both their discovery, synthesis and execution 

have been developed for bananas and enabled detailed analysis of genetic relationship between 

various accessions of Musa (Jarret et al., 1992; Kaemmer et al., 1997; Grapin et al., 1998) and 

construction of genetic linkage maps (Fauré et al., 1993). Application of molecular markers 

provides the only tools that are able to reveal polymorphism at the DNA level, which are 

sufficient to detect genetic variability between individuals and within populations (Kresovich et 

al., 1995, Simmons et al., 2007). Several DNA markers have been used to study genetic diversity 

in banana. These include; Restriction Fragment Length Polymorphism (RFLP) (Bhat et al., 

1995), Randomly Amplified Polymorphic DNA (RAPDs) (Uma et al., 2005; Nsabimana and 

Staden, 2007) microsatellites or Simple Sequence Repeats (SSRs) (Ning et al. 2007, Changadeya 

et al. 2012), Amplified Fragment Length Polymorphism (AFLP) (Loh et al, 2000), Sequence-

tagged microsatellite sites (STMS) (Grapin et al., 1998), Inter-retrotransposon amplified 

polymorphism (IRAP) (Nair et al., 2005), Genomic in situ hybridisation (GISH) (D‟Hont et al., 

2000), PCR product restriction fragment length polymorphisms (PCR-RFLP) (Nwakanma et al., 

2003) and Inter simple sequence repeats (ISSR) (Venkatachalam et al., 2008). RFLP has been 
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useful in Musa diversity studies, but this technique is expensive and technically very demanding 

(Crouch et al., 1999a). Consequently, Musa researchers have concentrated on the application of 

PCR-based markers such as RAPD, SSRs, ISSR, PCR-RFLP and AFLP for genetic analysis 

(Ude et al., 2002; Simmons and Webb, 2006). RAPD and AFLP markers show sufficient 

polymorphism for genotype discrimination but SSR and AFLP markers are more highly 

reproducible. AFLP markers possess both high reproducibility and discriminatory capability. 

AFLP can distinguish between two cultivars used with a minimum of one selective primer pair 

(Hautea et al., 2004). It can also detect variation in DNA profiles of induced mutant clones 

which are otherwise morphologically indistinguishable, and detect variation between the induced 

mutant parent clones and their derived suckers (Hautea et al., 2004). Nonetheless, all markers 

have proved useful in various applications, hence the need to keep and use the whole “tool box” 

of markers. 

 

RAPD markers were used to investigate genetic diversity and phylogenetic relationships of 29 

East African banana cultivars and two outgroup taxa, M. acuminata Calcutta 4 and Agbagba. 

The results revealed that East African bananas are closely related with a narrow genetic base 

(Pillay et al., 2001). RAPD polymorphisms were sufficient and useful in distinguishing the 

cultivars. A dendrogram derived from the RAPD data was divisible into a cluster composed of 

all AAA highland banana cultivars and Agbagba (AAB) and a minor cluster consisting of Kisubi 

(AB), Kamaramasenge (AB) and Calcutta 4 (AA). However, RAPD data did not separate beer 

and cooking banana cultivars both of AAA genome composition (Pillay et al., 2001). The 

findings provide a basis for breeders to identify diverse cultivars for breeding. RAPD technique 

has advantages, which include its speed, low DNA template requirements and technical 

simplicity, making it a convenient tool for genetic variation determination in bananas (Pillay et 

al., 2001). However, RAPD markers being dominant markers, have problems distinguishing 

bands that represent two alleles at a homozygous locus from bands that represent only a single 

allele at a heterozygous locus. Consequently, it is impossible to determine exact genetic 

similarity between two cultivars that share a band at the same position (Yonemoto et al., 2006). 

In separate study reported by Uma et al. (2006), who used RAPD markers, 16 accessions of 

Musa balbisiana were clustered into four against seven clusters obtained through morpho-

taxonomic characterisation. Uma et al. (2006) indicated that in general characterisation using 
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RAPD strengthens diversity analysis in Musa accessions but needs refinement using more 

random primers for more specific results and also using AFLP markers. In their study, 34 RAPD 

primers produced reproducible bands but only four primers among them showed polymorphic 

bands.  

 

Ude et al. (2002) reported that using AFLP marker on 28 accessions of Musa acuminata (AA) 

Colla and Musa balbisiana (BB) Colla, Neighbour-joining and principal co-ordinate (PCO) 

analyses using Jaccard‟s similarity coefficient produced four major clusters that closely 

corresponded with the genome composition of the accessions (AA, BB, AAB, and ABB). The 

AFLP data distinguished between wild diploid accessions and suggested new subspecies 

relationships in M. acuminata complex that are different from those based on morphological 

data. The data suggested three subspecies within the M. acuminata complex (ssp. burmannica 

Simmonds, malaccensis Simmonds and microcarpa Simmonds. The reported subspecies are 

contrary to those based on SSRs and RFLP which are four; banksii, zebrine, malaccensis and 

burmannica/burmanicoides (Carreel et al., 1994; Grapin et al., 1998). A study done by Noyer et 

al. (2005) used both AFLP and SSR to assess genetic diversity among 30 plantains constituting a 

representative sample of phenotypic diversity. A total of nine microsatellite loci showed very 

low polymorphism within the plantain group rendering the group difficult to differentiate. 

Similarly eight AFLP data would not differentiate the plantain group. Data from SSR and AFLP 

suggests that these plantain cultivars may have arisen from vegetative multiplication of a single 

seed hence their high similarity. 

 

Creste et al. (2004) showed the usefulness of microsatellites markers for the analysis of genetic 

variability, the distribution of the variability and genetic relationship present within Musa 

germplasm in Brazil. The study detected a large number of alleles suggesting a large genetic 

variability present and evidence of the multi-allelic nature of microsatellite. The study also 

revealed similarity between diploid and triploid accessions implying possibility of potential 

crosses to maximize the recovery of typical fruit qualities required in Brazil‟s (AAB, Pome and 

Silk dessert banana). Analyses have been done using SSR loci to compare the genetic similarity 

of full-sib 2X and 4X hybrids, and parental genotypes. Microsatellite markers detected high 

levels of polymorphism in full-sib Musa breeding populations. The implication of such analyses 
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rest on the fact that progress in breeding Musa hybrids with ever increasing yields will depend on 

the ability of breeders to identify and access the genes and gene combinations most likely to 

generate enhanced heterosis in yield components (Crouch et al., 1999b). A study conducted to 

investigate genetic variability using nine B-genome derived SSR primers between 40 Musa 

genotypes maintained at the IITA, Ibadan, Nigeria produced high genetic polymorphism 

generating a total of 23 alleles. Hierarchical cluster analysis showed clusters of diploid cultivars 

separated from triploids with only two exceptions (Oriero et al., 2006). The ability of SSR 

markers to reveal high diversity was also demonstrated in another study by Changadeya et al 

(2012) which yielded a total of 176 alleles among Malawian cultivars. This capacity of SSR is 

useful in aiding the choice of suitable parents for breeding in Musa genetic improvement.  

Conclusion 

 

Genetic improvement of bananas and plantains has a role in increasing global banana production. 

Given the genetic system complexity and general biology of bananas that hamper conventional 

breeding, there is need to invest more resources towards mutation breeding, tissue culture and 

genetic transformation. The DNA probes, especially microsatellites should be employed to 

establish records of cultivar relationships and determine genetic structure of various banana and 

plantain cultivar populations. This is particularly important for cultivars found in both primary 

and secondary centres of diversity. 
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