TROPICULTURA, 1997, 15, 1, 37-39

NOTES TECHNIQUES
TECHNICAL NOTES

TECHNISCHE NOTA'S
NOTAS TECNICAS

Ploidy Variation in Hybrids from Interploid 3x X 2x

Crosses in Musa

J. O. Osuji, D. Vuylsteke & R. Ortiz

Keywords : Aneuploids - Banana - Breeding - Cytogenetics - Plantain - Ploidy manipulations

Summary

Hybrids were obtained after in vitro germination of
embryos from interploid crosses between triploid
‘French’ plantain cultivars (Musa spp. AAB group)
‘Ntanga 2’ and ‘Bobby Tannap’ with diploid banana
(Musa acuminata subsp. burmannicoides) ‘Calcutta 4.
Cross-pollinated bunches were harvested at full matu-
rity and ripened with acetylene in a room for 4 days.
Seeds were extracted from peeled ripe fruits by
squashing. Embryos from the seeds were excised
aseptically after 2 days and germinated in vitro.
Seedlings were subsequently planted in early evalua-
tion trials after acclimatising in the greenhouse.
Chromosome counts were carried out on root tips of
mature and maiden suckers to determine ploidy levels
using a modified squashing technique. Counts showed
that two of the hybrids were aneuploids (trisomics) with
somatic chromosome number of 2n=2x+1 =23, one
hybrid was diploid while the other two were tetraploids.
Tetraploids are the most promising hybrids for the
genetic improvement of plantains. Diploids are valu-
able material for further improvement of the plantain
genome at this ploidy level. Trisomics provide means
for further characterisation of the Musa genome and
physical gene mapping in plantain and banana.

Résumeé

Des hybrides ont été obtenus a partir d’embryons pro-
pages in vitro de croisements interploides impliquant
des cultivars triploides de plantain French (Musa spp.
groupe AAB) ‘Ntango 2’ et ‘Bobby Tannap’ avec la
banane diploide (Musa acuminata subsp. burmanni-
coides) Calcutta 4. Des régimes issus de pollinisation
croisée ont éte récoltés a pleine maturité et maris a
l'acétylene en chambre pendant 4 jours. Des fruits
mdrs épluchés ont été écrasés pour l'extraction des
graines. Deux jours apres, les embryons ont ete exci-
sés des graines, en condition aseptique, et mis en
germination in vitro. Les plantules ainsi obtenues ont
éte subséquemment plantées dans des essais d'éva-
luation précoce, apres leur acclimatation en serre. Le
comptage de chromosomes a été effectué sur des
extrémités de racines de souches matures et de
souches non fructifiees, a l'aide de la technique de
squashing modifiée. Les comptages ont revélé que
deux des hybrides étaient aneuploides (trisomie) avec
un nombre 2n=2x+1=23 de chromosomes soma-
tiques, un hybride était diploide avec un nombre
2n=2x=22, tandis que les deux autres étaient tétra-
ploides avec un nombre 2n=4x=44.

Introduction

The tropical monocotyledonous genus Musa belongs
to the family Musaceae and order Zingiberales (syn.
Scitaminae) and comprises giant perennial mono-
ecious herbs (9). Out of the four sections of this genus
namely Rhodoclamis, Australimusa, Calimusa and
Eumusa, only Eumusa comprises edible crops such
as plantains and bananas. These crops originated
from two diploid parents M. acuminata (A genome)
and M. balbisiana (B genome) through hybridisation
and parthenocarpy.

Aneuploid plants are used for cytogenetic research to
determine the localisation of genes within chromo-
somes, and to separate chromosomes from distinct
genomes (2, 5). Aneuploid plants in Musa are mostly
derived from triploid by diploid crosses (11). These

aneuploid ptants may be of value for Musa breeding
and genetics as shown earlier in wheat (7).

In addition to aneuploids, various levels of euploidy have
also been observed to arise in embryos from triploid by
diploid crosses (1, 11). Diploids, triploids and tetraploids
are observed after in vitro germination of hybrid seeds.
It is evident, however, that the frequency of triploids from
such crosses after in vitro germination is least while the
frequency of diploids is highest (11).

Despite the economic importance of plantain and
banana, there have been very few investigations on
the Musa genome. This is not the case with other crop
plants such as tobacco (Nicotiana tabacum) (3),
maize (Zea mays) (4, 8), wheat (Triticum ocitiorum)
(7}, or potato (Solanum tuberosum) (13). Recovery of
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aneuploids from products of Musa breeding will pave
the way to further genome analysis of the Musa
genus. Aneuploids will help to determine the relation-
ship between the A and B genomes, and can be use-
ful for physical mapping of important Musa genes.

Material and Methods

Mature triploid ‘French’ plantain cultivars ‘Ntanga 2’
‘Bobby Tannap’ (Musa spp. AAB group) in anthesis
were cross-pollinated with M. acuminata subsp. bur-
mannicoides (Calcutta 4). Mature pollinated bunches
were harvested and ripened at room temperature with
acetylene in a room for 4 days. Ripe fruits were peeled
and their seeds extracted by squashing. The collected
seeds were air-dried. After 2 days, the seeds were ste-
rilised in 0.5-0.75 % (w/v) sodium hypochlorite (NaOCI)
for 15 min. The embryos, which are small (0.7 mm -
1 mm), were excised from the seeds with the aid of a
stereomicroscope following procedures reported by
Vuylsteke et al. (10). Excised embryos were cultured
aseptically on a modified MS medium with macro- and
micro-nutrients at half-concentration, but FeEDTA at
full strength (10). This medium was supplemented with
3% sucrose, 2 mg | - | glycine, 0.5 mg | - | nicotinic acid,
0.5 mg | - | pyrodoxin.HCI, 0.4 mg | - | thiamine.HCI,
and 20 mg | - | ascorbic acid. The medium was solidi-
fied with 1.5 g | - | Gelrite (R). Aliquots of medium
(20 ml) were dispensed in 15 x 2.5 cm glass test tubes,
capped with cellulose stoppers, and autoclaved for
15 min at 121° C (1.05 kg cm?).

Viable embryos germinated into seedlings that were
acclimatised in the greenhouse and later planted in the
field to allow normal plant development. Root tips were
collected and immediately pre-treated for three hours
with 0.002 M solution of 8-hydroxyquinoline at room
temperature (27° C). This pre-treatment was followed
by fixation of root samples in 1:3 acetic ethanol) for 12-
18 hours at low temperature (4° C-8° C). Root tips
were squashed under a drop of FLP orcein according
to the method of Osuji et al. (6). Chromosome counts
were carried out on a sample of 10 cells for each hybrid
at magnifications of X 400 and X 1000 (oil immersion)
using a Leitz Diaplan binocular microscope.

Results and Discussion

There was variation in the chromosome number of the
different hybrids. Seedling 1518-4 was a diploid with
somatic number 2n=2x=22. Seedlings 1605-1 and
9722-1 were trisomics with the somatic chromosome
number 2n=2x+1 =23 while seedlings 1187-8 and
8223-1 were tetraploids with the chromosome number
2n=4x=44 (Figure 1 and Table 1).

Table 1. Ploidy levels of some
Tropical Musa Plantain hybrids

Clone Female parent Male parent Ploidy

1187-8 ‘Bobby Tannap’ Calcutta 4 2n=4x=44
1518-4 ‘Bobby Tannap’ Calcutta 4 2n=2x =22
1605-1 ‘Ntanga 2’ Calcutta 4 2n=2x+ 1 =23
8223-1 ‘Bobby Tannap' Calcutta 4 2n=4x=44
g722-1 ‘Bobby Tannap’ Calcutta 4 2n=2x+ 1 =23

Calcutta 4 is Musa acuminata subsp. burmannicoides.
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Figure 1. Chromosomes of plantain-banana hybrids obtained after
triploid-diploid crosses: diploid 1518-4 with 22 chromosomes (a). tri-
somics 1605-1 (b) and 9722-1 (c) with 23 chromosomes, and tetra-
ploid 8223-1 with 44 chromosomes (d). Scale bar = 10.2 pm.
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Many aneuploids, which resulted from the crosses
reported in this paper, were destroyed earlier because
the primary objective of the breeding program was to
produce hybrids that are resistant to black sigatoka
disease {12). For example, from 1988 to 1990 about
23,600 hybrid seeds were obtained from 3x X 2x
crosses between plantains and bananas, and 550
hybrid embryos were germinated and transferred to
the breeding nursery. Most seedlings were aneuploids
as shown by their gross abnormal foliage and stunted
growth. Only 250 diploids, triploids and tetraploids
were established in the field for agronomic evaluation
(11). Thus, a high frequency of aneuploid Musa plants
can be produced by interploid 3x X 2x crosses.

Aneuploids may contribute significantly to the cytoge-
netic characterisation of the Musa chromosomes and
genomes. Likewise, aneuploids will be valuable tools
for physical mapping of genes in plantain and banana
chromosomes. Knowledge on chromosome number,
structure and behaviour may facilitate the manipula-
tion of the Musa genome for its further improvement
using conventional and new breeding toals.

Acknowledgement

Plantain and banana research at [ITA has benefited
from grants by several donors, particularly the Belgian
Administration for Development Cooperation (BADC).

Literature

1. Bakry, E, & Horry, J. 1992. Tetraploid hybrid from interploid 3x/2x crosses
in cooking bananas. Fruits 47, 641-647.

2. Blakeslee, A. & Avery, A. 1938. Fifteen-year breeding records of 2n+1
types in Datura stramonium. Cooperation in Research, Carnegie Institute
of Washington Pub. 501, 315-351

3. Clausen, R. & Cameron, D. 1944. Inheritance in Nicotiana tabacum XVill,
Monosomic analysis. Genetics 29, 447-477.

4. Einset, J. 1943. Chromasaome length in relation to transmission frequency
in maize trisomes. Genetics 28, 349-364.

5. Elliott, F. 1958. Plant breeding and cytogenetics. Mc Graw-Hill Book
Company, New York, Toronto, London.

6. OsUji, L. Okoli, B. & Ortiz, R. 1996. An improved procedure for mitotic stu-
dies of the Eumusa section of the genus Musa L. (Musaceae) Infomusa
5(1), 12-14.

7. Sears, E. 1954. The aneuploids of common wheat. University of Missouri
Research Bulletin 572,1-58.

8. Shaver, D. 1965. A new rnaize rmonosomic. Maize Genet Coop. Newsl.
39, 24.

9. Simmonds, N.W. 1962. Evolution of the bananas. Longman, London, UK.

10. Vuylisteke, D., Swennen, R. & De Langhe, E. 1990. Tissue culture tech-
nology for the improvement of African plantains. pp. 316-337. In: R.A
Fullerton & R.H. Stover (Editors) Sigatoka leaf spot diseases of bananas.
Proceedings of an international workshop, San Jose (Costa Rica), March
28 -April 1, 1989. INIBAP, Montpellier, France.

11. Vuylsteke, D., Swennen, R. & Ortiz, R. 1993a. Development and per-
formance of black sigatoka-resistant tetraploid hybrids of plantain (Musa
spp., AAB group). Euphytica. 65. 33-42.

12. Vuylsteke, D., Swennen, R. & Ortiz, R. 1993b. Registration of 14 impro-
ved Tropical Musa Plantain hybrids with black sigatoka resistance. Hort
Science 28, 957-959.

13. Wagenvoort, M. & Lange, W. 1975. The production of aneuploids in
Solanum tuberosum L. group tuberosum (the common potato). Euphytica
24, 731-741

J.0. Osuji. Nigerian, fecturer at the University of Port Harcourt (UNIPORT, Rivers State. Nigeria).

D. Vuylsteke, Belgian scientist, current Research Team Leader of the East and Southern Africa Regional Centre (ESARC) of IITA in Uganda.

R. Ortiz, Peruvian, Scientist, Leader of the Plantain and Banana Improvement Program (PBIP) of {ITA and the Officer-in-Charge of lITA's High Rainfall Station at

Onne (Rivers State Nigeria).

39



