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RFLP-based phylogeny of Musa species in Papua New Guinea
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Summary. Random genomic probes were used to detect
restriction fragment length polymorphisms (RFLPs) in
26 accessions of Musa representing eight species from
Papua New Guinea (PNG), M. textilis, M. jackeyi and
one accession of Ensete. Ninety-eight phylogenetically
informative characters were scored and analyzed cladisti-
cally and phenetically. Results generally agreed with pre-
vious morphology-based phylogenetic analyses. Howev-
er, the closest wild relative of the edible M. fehi (fe’i
banana) appears to be M. lolodensis. Musa angustigemma
is sister species with M. boman and M. jackeyi and is
distinct from M. peekelii, with which it is often united.
Musa boman is unambiguously placed in section Austral-
imusa. The diploid parthenocarpic landraces of section
Musa unique to PNG are closely related to, but appar-
ently distinct from, M. acuminata ssp. banksii. The evolu-
tion of the fe’i bananas and the M. acuminata-derived
diploid landraces of PNG are discussed.
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Introduction

The bananas (genus Musa) are one of the most important
tropical fruit crops in the world. Modern cultivated races
of banana (usually triploid, parthenocarpic and clonally
propagated plants) are grown throughout the tropics; the
world production of bananas, including plantains, ex-
ceeds 5.7 x 10* metric tons annually (FAO 1983). Suc-
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cessful breeding of improved cultivars depends upon the
availability of Musa germ plasm (Rowe 1981). However,
the genetic base of Musa continues to be diminished due
to the ongoing eradication of primitive, vegetatively
propagated and sexually reproducing landraces from
most of the areas where they were once the predominant
vegetation {MacDaniels 1947).

New Guinea (PNG), and the surrounding islands,
including New Ireland and New Britain, are the greatest
remaining reservoir of edible diploid banana germ plasm
in the world today. These islands also support a variety
of native species of Musa that could be valuable for
banana or abaca breeding. The native flora of the islands
includes eight species belonging to three sections. One of
the three sections, sect. Ingentimusa (containing only
Musa ingens), has apparently never produced edible
types. The remaining two sections, sects. Musa and Aus-
tralimusa, both include parthenocarpic edible landraces
in addition to related wild species.

The most important cultivated bananas belong to
Musa sect. Musa (sometimes referred to as sect. Eumusa).
There are three species of this section native to New
Guinea: M. schizocarpa, M. balbisiana and M. acuminata
ssp. banksii (sometimes treated as a distinct species,
M. banksii; Argent 1976). Modern triploid cultivars,
derived from M. acuminata or from M. acuminata x
M. balbisiana hybrids, are widely grown in New Guinea,
as they are throughout the tropics. However, fruit of the
many diploid M. acuminata parthenocarpic landraces re-
mains a food of local importance (Sharrock 1990), grown
in backyard gardens. The origin of these parthenocarpic
diploids is obscure. They may have been bred locally
from the indigenous M. acuminata ssp. banksii, or intro-
duced from western Indonesia or the Malay Peninsula,
where diploid races derived from the indigenous M. acu-
minata ssp. malaccensis were once common but have
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since been displaced by higher-yielding triploid cultivars
introduced from India (Simmonds 1962).

The third section found in PNG is Musa sect. Aus-
tralimusa. Five native species, M. boman, M. bukensis,
M. lolodensis, M. maclayi and M. peekelii, are included
in this section; a sixth taxon is sometimes treated as a
distinct species, M. angustigemma (Simmonds 1948), and
sometimes as M. peekelii ssp. angustigemma (Argent
1976). Two additional species of sect. Australimusa,
M. textilis (Philippines and Borneo) and M. jackeyi
(Queensland), are not found in PNG. All species in sec-
tion Australimusa are highly interfertile, although they
may differ from one another by single inversions or
translocations (Richardson 1957; Shepherd, 1990).

Section Australimusa also contains a poorly under-
stood array of parthenocarpic edible forms, collectively
known as M. fehi Bert. These edible types, often referred
to as “fe’i bananas”, were originally distributed from the
Moluccas to Hawaii and Tahiti. Historical records often
describe the fe’i bananas as being gathered from feral
plants growing in remote and/or inhospitable sites (espe-
cially talus slopes at the bases of cliffs), rather than from
around settlements. As fe’i bananas are highly seed and
pollen sterile, such feral plants are probably the asexually
propagated remnants of old plantings, the plants having
originally been transported from island to island as
corms (Dodds 1946; MacDaniels 1947; Simmonds 1962).
As noted by Simmonds (1962), early reports of highly
seed-fertile bananas from the fe’i area probably refer to
other species of Musa. Since some individual clones are
believed to have been distributed from the Moluccas to
Tahiti (MacDaniels 1947), the transport of corms must
have once been extensive. In addition to the use of the
fruit as food, the leaves of M. fehi were widely used as
plates for eating, and also for thatching, bedding and
packing and as a source of fibers for lashings and weav-
ing; the pseudostems were a source of a dark red dye, and
were sometimes used as floats for small rafts. The fruit
has also been used medicinally (MacDaniels 1947).

Although the fe’i bananas were an important food
source to the inhabitants of the Society and Marquesas
Islands and -of Fiji, they must have originated farther
west, since wild species of Musa sect. Australimusa are
not found east of the Solomon Islands. However, very
little is known about the origins of this crop. Simmonds
(1956 a) suggests that M. maclayi is the most likely wild
ancestor of the fe’i bananas, but suggests that hybridiza-
tion with other species may also have been important in
their development. Tezenas du Montcel (1990) states that
the fe’i bananas originated from M. maclayi. Alternative-
ly, Cheesman (1947) notes similarities between the fe’i
bananas and M. lolodensis and states these two species
“probably have fairly close affinities”.

The genetic diversity of Musa in PNG is threatened
by the replacement in cultivation of the endemic diploid

populations with introduced triploid clones, and the loss
of the fe’i bananas through rural development programs.
In response to this threat, the junior author (S, S, ) direct-
ed extensive collecting activities within Papua New
Guinea from 1986 to 1989. All but one of the native
species, M. bukensis, were collected for maintenance and
study. Earlier taxonomic and biodiversity studies of
Musa from this area used a series of morphological de-
scriptors (MacDaniels 1947; Simmonds 1948, 1956 b; Ar-
gent 1976). We have elected to utilize restriction fragment
length polymorphisms (RFLPs) in our examination of
this material. RFLPs have been used effectively to estab-
lish and refine systematic relationships and to examine
genetic diversity in several crop genera including Lycop-
ersicon (Miller and Tanksley 1990), Brassica (Song et al.
1988), Solanum (Debener et al. 1990), Lens (Havey and
Muehlbauer 1989) and Glycine (Menancio et al. 1990).

The study reported here was undertaken to investi-
gate systematic relationships within and between repre-
sentatives of sects. Musa and Australimusa from PNG
using RFLPs as genetic markers.

Materials and methods
Plant material

Unless noted otherwise, the plant material utilized in this study
(Table 1) was collected in PNG from 1986 to 1989 (Sharrock
1990). Accessions of M. balbisiana (1-63), Ensete and M. acumi-
nata ssp. malaccensis (11-357) were obtained from the Fundacion
Hondurena de Investigacion Agricola (FHIA) and were includ-
ed for comparison. Musa textilis was originally collected in the
Philippines and was obtained through the International Net-
work for the Improvement of Bananas and Plantains (INIBAP)
germ plasm transit center at the Katholieke Universiteit Leuven
(KUL). Musa jackeyi was collected in Queensland, Australia
and obtained from the Maroochy Horticultural Research Sta-
tion, Nambour. All plant materials, with the exception of the
Ensete sp., M. acuminata ssp. malaccensis and M. balbisiana,
were received for analysis as tissue cultures. Upon receipt, in
vitro plantlets were recultured onto Murashige and Skoog
(1962) medium containing 3% (w/v) sucrose and 0.7% agar and
allowed to grow to 5—7 cm in height. Prior to being transferred
to soil, plants were acclimated in vitro by removal of the tube
enclosures and left for a period of 7 days at room temperature.
Young leaf tissue was harvested when plants were about 1 m in
height. Leaf tissue of Ensete was harvested in the field at FHIA,
placed on wet ice and transported to Griffin. Leaf material of
M. balbisiana (1-63) was harvested in Griffin from plants grown
from seed obtained from FHIA. Corms of Musa acuminata
ssp. malaccensis were obtained from FHIA and transported to
Griffin.

DNA isolation

All leaf tissue was freeze dried, ground to a fine powder in liquid
N and stored at —135°C. Lyophilized, powdered leaf tissue
(500 mg) was extracted with 15 ml of CTAB extraction buffer as
described previously (Gawel et al. 1992). DNA was precipitated
with isopropanol, removed with a glass hook, blotted on a paper
towel and resuspended in TRIS-EDTA (TE) pH 8.0 by heating
at 65°C for 1 h. DNA isolated from M. jackeyi could not be
collected with a glass hook. In this instance, isopropanol-precip-
itated DNA was collected by centrifugation at 5,000 g for 5 min



Table 1. Plant materials analyzed for RFLPs

ID no. Name or species Origin or collection site

PNG 228
PNG 257
PNG 249

PNG 181 M. a. ssp. banksii
PNG 276 M. a. ssp. banksii
PNG 292 M. a. ssp. banksii

M. acuminata (Inori) Koipa, Oro Province
M. acuminata (Mala) Mendi, Southern Highlands
M. acuminata (Buka) Siriseta, Oro Province

Ono, Madang
OK. Mart, Western Province
Manus Island

11-357 M. a.ssp. malaccensis  *

PNG 147 M. balbisiana Kokopo, East New Britain

1-63 M. balbisiana ?

PNG 158 M. peekelii ssp. Yelso, Madang
angustigemma

PNG 315 M. peekelii ssp. Rasarik, New Ireland
peekelii

PNG 316 M. peekelii ssp. Rasarik, New Ireland
peekelii

PNG 172 M. schizocarpa
PNG 223 M. schizocarpa
PNG 282 M. schizocarpa

Malpine, Madang
Pusa Hambo, Oro Province
Epo Estate, Gulf Province

PNG 329 M. schizocarpa Pwaepwae, Normandy Island
PNG 339 M. maclayi ssp. Sebutuia Bay, Fergusson
maclayi Island
PNG 340 M. maclayi ssp. Sebutuia Bay, Fergusson
aluluia Island
PNG 274 M. fehi (Skai) Nigerum, Western Province
PNG 294 M. fehi (Sar) Manus Island
PNG 331 M. fehi (Kwaputa) Sebuluyu, Normanby Island
PNG 341 M. boman Sosi, West Sepik
PNG 364 M. lolodensis Yawreng, East Sepik
M. jackeyi Queensland, Australia®
BS 079 M. textilis a
Ensete sp. 2

* Fundacion Hondurena de Investigacion Agricola, La Lima,
Honduras

b Maroochy Horticultural Research Station, Nambour, Queens-
land, Australia

¢ Katholieke Universiteit Leuven, Belgium

at 20°C, and the pellet resuspended in TE. All extracts were
centrifuged at 10,000 g for 5 min to remove undissolved DNA
and the supernatant transferred to clean tubes. DNA extracts
were stored at 4°C.

Restriction enzyme digestion, electrophoresis and blotting

Five micrograms of DNA was digested with 15U of either
EcoRl, HindIll, BamHI or Mspl for 8 h at 37°C according to
the manufacturers’ (IBI) recommendations. Fragments were
separated on 0.8% agarose gels at 2 V/cm for 20 h in TEA buffer
(Sambrook et al. 1989). Gels were stained with ethidium bro-
mide, photographed, denatured in 1.5 M NaCl, 0.5 M NaOH
for 30 min, neutralized in 3 M Na acetate pH 5.5 for 30 min and
blotted according to Southern (1975) onto nylon membrane
(BioTrans-ICN).

Library construction, probe selection, labeling and hybridization

Probes were selected at random from genomic libraries of
M. acuminata ssp. malaccensis and M. balbisiana as described by
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Gawel et al. (1992). Recombinant E. coli colonies were selected
on X-gal and the plasmids isolated following an alkaline extrac-
tion procedure (Sambrook et al. 1987). Whole plasmids were
random-primer labeled (BRL) with 3*P and used to probe ge-
nomic digests.

Data analysis

Cladistic analyses were performed using PHYLIP (Felsenstein
1985). Bootstrap samples were generated with the BOOT sub-
program (global option) of PHYLIP. Cluster analyses were cal-
culated with Biosys-1 (Swofford and Selander 1989) using the
genetic distance algorithm of Nei (1972) and the unweighted
pair-group method with arithmetic averaging (UPGMA) al-
gorithm. Principal component analyses were performed using
the PRINCOMP procedure of SAS (1988).

Results and discussion

Ninety-eight phylogenetically informative characters were
detected and scored (Table 2) using 40 (25 M. acuminata
and 15 M. balbisiana) genomic probes. Probes isolated
from the M. acuminata ssp. malaccensis and M. balbi-
siana libraries were equally effective in detecting poly-
morphisms. The resulting cladogram (Fig. 1) was 136
steps, with an overall homoplasy of 28%.

Our results confirmed the close relationship of
M. acuminata and M. schizocarpa. However, as in other
recent studies of relationships in Musa (Simmonds and
Weatherup 1990; Gawel et al. 1992), our data suggest
only a distant relationship between M. balbisiana and the
other species of sect. Musa. Our analysis did not place
M. balbisiana on the same clade as the other species of
this section. However, this separation was not well sup-
ported in the bootstrap analysis (only 42 of 100 bootstrap
samples) and must be considered tentative. The diploid
Papuan landraces from this section all cluster with
M. acuminata; neither M. schizocarpa nor M. balbisiana
seems to have been involved in the development of these
races.

All accessions of M. acuminata shared a large number
of polymorphisms. For this reason, our analysis did not
separate the two subspecies of M. acuminata, and the
parthenocarpic diploids did not cluster clearly with either
subspecies. The similarity of ssp. banksii and ssp. malac-
censis supports the subspecific treatment of these two
taxa by Cheesman (1950), Simmonds (1962) and Sim-
monds and Weatherup (1990), rather than the treatment
of Argent (1976), who considers banksii to be a distinct
species. However, it is not possible to tell from this data
whether the parthenocarpic cultivated races arose locally
from ssp. banksii, from ssp. malaccensis in western In-
donesia or the Malay Peninsula, or if they are derived
from imported races that subsequently crossed with local
wild bananas.

Within sect. Australimusa, the relationships between
the wild species generally support the findings of Gawel
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et al. (1992), especially in the clear inclusion of M. boman
in this section. M. peekelii ssp. angustigemma clusters
with M. boman rather than with M. peekelii ssp. peekelii.
Its exclusion from the latter branch is supported by a
high bootstrap statistic (96% of bootstrap samples).

88 ~ M. fehi (Skal)
sl M. lolodensis
M. fehi (Kwaputa)
M. fehi (Sar)
M. textilis
95 M. peekelii ssp. peekelii

73 91

100

M. peekelii ssp. peekelii
M. maclay: ssp. maclayl

97 81 ,— M. boman

kelii ssp.

————— M. ]ackeyl

a2 M. a. banksii (PNG 181)
M. a. banksii (PNG 276)
43 M. a. banksii (PNG 292)
M. a. malaccensis
M. a. (Papat wung)
M. a. (Buka)
S M. a. (Mala)

& 52 M. schizocarpa (PNG 223)
60 M. schizocarpa(PNG 329)
96 M. schizocarpa (PNG 172)
M. schizocarpa (PNG 282)
100 [ M. baibisiana (1-63)
L M. baibisiana (PNG 147)
Ensete

Fig. 1. Cladogram of RFLP-based character states. Numbers on
branches represent the number of times a clade was present in
100 bootstrap analyses. Ensete is the outgroup

These data suggest that this taxon should be treated as a
distinct species, M. angustigemma, as in the original
treatment by Simmonds (1948).

To further examine relationships within section Aus-
tralimusa a principal component analysis (PCA) was con-
ducted on the RFLP-derived characters. The first two
principal components accounted for 73% of the varia-
tion among the species included (Fig. 2). The PCA con-
firms the clear separation of M. peekelii ssp. angustigem-
ma from M. peekelii ssp. peekelii and illustrates the close
relationship of M. peekelii ssp. angustigemma to M. bo-
man. The PCA also emphasizes other divisions within
sect. Australimusa, including the overlapping coordinate
distributions of M. fehi cvs ‘Kwaputa’, ‘Skai’ and ‘Sar’
and M. lolodensis, all of which are well removed from
M. textilis, M. jackeyi and M. maclayi. The affinities of
M. jackeyi, now an endangered species, had not previ-
ously been investigated.

The fe’i bananas are excluded from the branch lead-
ing to five of the seven sect. Australimusa species, includ-
ing M. maclayi, which was considered by Simmonds
(1956) and Tezenas du Montcel (1990) to be the likely
wild ancestor of M. fehi. The bootstrap statistic support-
ing this branch is sufficiently high (96% of bootstrap
samples) that the five species on it can be confidently
excluded from the ancestry of the fe’i cultivars. Our anal-
ysis strongly suggests that M. lolodensis is the closest wild
relative of the fe’i bananas. The bootstrap statistic for the
branch uniting the fe’i accessions and M. lolodensis falls
short of statistical significance (71%), providing insuffi-
cient evidence to rule out the hypotheses that the fe’i
bananas were derived from M. textilis or from M. lolo-
densis x M. textilis hybrids. However, in the principal
component analysis (Fig. 2) M. fehi clusters with M. lolo-
densis far from M. textilis; and geographically M. textilis
is found only in the Philippines and Borneo, outside the

Fig. 2. Principal component analysis of RFLP-
based character states of Musa sect. Australimusa
species
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range of M. fehi. It thus seems unlikely that M. textilis
was involved in the development of the fe’i cultivars.

It has been recognized for decades that the fe’i culti-
vars represent a parthenocarpic group derived indepen-
dently from all other edible bananas. Although they have
been a widespread and locally important food plant and
grow well in marginal habitats (such as talus slopes) in
the wet tropics, little is known about their origin and
biological characteristics. Our data indicates that M. fehi
is derived from M. lolodensis (native to New Guinea and
the Moluccas). Although the high level of racial variation
within M. fehi has been taken as evidence that the devel-
opment of the fe’i bananas may have involved inter-
specific hybridization (Simmonds 1962), we found no
evidence that any of the three fe’i races we examined were
intermediate between M. lolodensis and any other spe-
cies. Further work on the relationships of different fe’i
cultivars and the level of genetic variability within
M. lolodensis should yield a much clearer picture of the
evolution, ethnobotany and future potential of this plant.
Unfortunately, indigenous populations of these plants
are rapidly being lost due to habitat disturbance and
displacement by high-yielding triploid bananas, and col-
lections and reliable field observations of fe’i bananas
and their relatives are few. The latter is especially true of
western New Guinea and the Moluccas, an area that
may contain a significant number of unique fe’i bananas
and other species of sect. Australimusa. For instance,
Rhumphius (1750) described a plant from the Moluccas
(later named M. troglodytarum by Linnaeas in 1762)
which, as far as can be determined from the brief descrip-
tion provided, seems to be intermediate in form between
M. lolodensis and M. fehi. The fruit is edible, although it
is diuretic, but it is seedy, unlike the parthenocarpic
M. fehi. The plant is described as being rare, but occa-
sionally cultivated in gardens and eaten by indigenous
peoples. Unfortunately, there are no modern reports of
such bananas from eastern Indonesia, but this is a very
promising area for future field work.

In the past, study of the genus Musa has been severely
limited by the unsuitability of plant material for tradi-
tional herbarium and greenhouse techniques. Since
herbarium specimens are usually fragmentary and poorly
preserved and greenhouse material seldom flowers reli-
ably in temperate areas, previous studies (Baker 1893;
Cheesman 1947; Simmonds 1962) have relied upon ver-
bal descriptions, drawings and photographs (Brewbaker
and Umali 1956). In addition, until recently there existed
no centralized genebank through which propagules could
be obtained, so that the identity of material used by
earlier workers cannot be independently confirmed.

The use of RFLPs shows great promise for character-
izing Musa accessions and examining the taxonomic rela-
tionships of Musa species and cultivated forms. Suitable
material can be obtained from juvenile, nonflowering
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greenhouse material, so that studies may be carried out
with limited resources in cold or dry climates. The estab-
lishment of an in vitro genebank (Jarret 1990) should
facilitate the acquisition of plant material for future anal-
ysis. This will allow the preservation and study of species
and races that are currently available only as poorly
preserved herbarium material. An in vitro genebank will
also aid the study of wild species and cultivated races that
are currently disused and endangered, but may be poten-
tially useful for breeding, or as crops in their own right.

Acknowledgements. We wish to acknowledge the expert techni-
cal assistance of Ms. Lisa Dunbar. This study was conducted
under a research grant awarded to RLJ by the International
Board for Plant Genetic Resources (IBPGR). The authors wish
to acknowledge this financial assistance and the provision of
funding to SS by the IBPGR for the collection of the germ plasm
utilized in this study.

References

Argent GCC (1976) The wild bananas of Papua New Guinea.
Notes R Bot Gard Edinburgh 35:77-114

Baker JG (1893) A synopsis of the genera and species of
Musaceae. Ann Bot 7:189-229

Brewbaker JL, Umali DL (1956) Classification of Philippine
Musae I. The genera Musa L. and Ensete Horan. Philipp
Agric 40:231-241

Cheesman EE (1947) Classification of the bananas. IL. The genus
Musa L. Kew Bull 2:106-117

Cheesman EE (1949) Classification of the bananas. III. Critical
notes on species. Kew Bull 4:445-449

Cheesman EE (1950) Classification of the bananas. II1. Critical
notes on species. Kew Bull 4:27-28

Debener T, Salamini F, Gebhardt C (1990) Phylogeny of wild
and cultivated Solanum species based on nuclear restriction
fragment length polymorphism (RFLPs). Theor Appl Genet
79:360-368

Dodds KS (1946) M. fehi, the indigenous banana of Fiji. Nature
157:729-730

Felsenstein J (1986) PHYLIP (Phylogenetic Inference Package)
version 2.9. University of Washington, Pullman, Wash.

Food and Agriculture Organization (1983) Production year-
book 1983. FAO, Rome

Gawel N, Jarret RL, Whittemore A (1992) Restriction fragment
length polymorphism (RFLP)-based phylogenetic analysis of
Musa. Theor Appl Genet (in press)

Havey MJ, Muehlbauer FJ (1989) Variability for restriction
fragment lengths phylogenies in lentil. Theor Appl Genet
77:839-843

Jarret RL (1990) Identification of genetic diversity in the genus
Musa. INIBAP, Montpellier

MacDaniels LH (1947) A study of the Fe'i banana and its
distribution with reference to Polynesian migrations. Bernice
P Bishop Museum Bull 190, Bishop Museum Press, Hon-
olulu, pp 3-56

Menancio DI, Hepburn AG, Hymowitz T (1990) Restriction
fragment length polymorphism (RFLP) of wild perennial
relatives of soybean. Theor Appl Genet 79:235-240

Miller JC, Tanksley SD (1990) RFLP analysis of phylogenetic
relationships and genetic variation in the genus Lycopersi-
con. Theor Appl Genet 80:437-448



584

Murashige T, Skoog F (1962) A revised medium for rapid growth
and bioassays with tobacco tissue cultures. Physiol Plant
15:473-497

Nei M (1972) Genetic distance between populations. Am Nat
106:283-292

Rhumphius GE (1750) Herbarium Amboinense, 5

Richardson JM (1957) The fibers of Australimusa in relation to
abaca improvement. Trop Agric (Trinidad) 34:207-215

Rowe PR (1981) Breeding an intractable crop. Bananas. In:
Rachie KO, Lyman JM (eds) Genetic engineering for crop
improvement. Working Papers, Rockefeller Foundation,
pp 6684

Sambrook J, Fritsch EF, Maniatis T (1989) Molecular cloning: a
laboratory manual. Cold Spring Harbor Press, Cold Spring
Harbor, N.Y.

SAS Institute (1988) SAS/STAT user’s guide. SAS Institute, Cary,
N.C

Sharrock S (1990) Collecting Musa in Papua New Guinea. In:
Jarret RL (ed) Identification of genetic diversity in the genus
Musa. INIBAP, Montpellier, France, pp 140—1357

Shepherd K (1990) Observations on Musa taxonomy. In: Jarret
RL (ed) Identification of genetic diversity in the genus Musa.
INIBAP, Montpellier, France, pp 158165

Simmonds N'W (1948) Classification of the bananas. ITI. Critical
notes on species. Kew Bull 5:573-574

Simmonds NW (1956 a) Botanical results of the banana collect-
ing expedition 1954—-55. Kew Bull 11:463-489

Simmonds NW (1956 b) A banana collecting expedition to South
East Asia and the Pacific. Trop Agric (Trinidad) 33:251-271

Simmonds NW (1959) The bananas. Longmans, Green and Co,
London

Simmonds NW (1962) The evolution of the bananas. John Wiley
and Sons, New York

Simmonds NW, Weatherup ST (1990) Numerical taxonomy of
the wild bananas (Musa). New Phytol 115:567-571

Song KM, Osborn TC, Williams PH (1988) Brassica taxonomy
based on nuclear restriction fragment length polymorphisms.
Theor Appl Genet 76:593-600

Southern E (1975) Detection of specific sequences among DNA
fragments separated by gel electrophoresis. J Mol Biol
98:302-312

Swofford DL (1985) PAUP-Phylogenetic analysis using parsi-
mony, version 4.2. Illinois Natural History Survey, Cham-
paign, Il

Swofford DL, R Selander (1989) Biosys-1. Illinois Natural Histo-
ry Survey, Champaign, 111

Tezenas du Montcel H (1990) Musa acuminata subspecies
banksii: status and diversity. In: Jarret RL (ed) Identification
of genetic diversity in the genus Musa. INIBAP, Montpellier,
France, pp 211-218



