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Abstract: Musa species have complex cytogenetic structure, resulting in extensive chromosomal rearrangements during meiosis. This
is mainly because Bananas are derived from interspecific and intersub specific hybridization. Most banana cultivars are triploid
(2n=3x=33) interspecific hybrids between M. acuminata (A genome) and M. balbisiana (B genome). They are characterized by low male
and female fertility. The uneven chromosome number gives rise to meiocytes with unequal chromosome number. The study shows
univalents at metaphase I, precocious movement of chromosomes, bridges and lagging chromosomes at anaphase I. Incidence of

univalents gave rise to poly- and irregular spore formation.
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1. Introduction

Bananas and plantains (Musa spp. L) are one of the major
staple food and cash crops today, especially in the tropics
and sub-tropics [11]. They provide a valuable model for
studying chromosomal rearrangements [12].Most banana
cultivars are derived from Musa acuminata (2n=2x=22, A
genome), sometimes combined with Musa balbisiana
(2n=2x=22, B genome). M. acuminata is divided into six
to nine subspecies viz. banksia, burmannica, malaccensis,
microcarpa, zebrina, burmannicoides, truncata, siamea,
and errans, which diverged following geographical isolation
in distinct Southeast Asian continental regions and islands
[5; 15]. The currently accepted domestication scenario
suggests that human migrations, probably during the
Holocene, led to contacts between these subspecies through
the transport of plant material [16]. This resulted in the
emergence of intersubspecific hybrids with reduced fertility
[9; 10; 19]. Early farmers would then have selected
parthenocarpic diploid and triploid hybrids producing fruit
with high flesh and low seed content.

Nearly sterile edible diploids produced triploid progeny
(AAA; 2n = 33): the product of female restitution with 22
chromosomes (AA) in the female gamete and 11
chromosomes (A) from the haploid pollen[20]. The AAA
triploids have larger fruits and are more vigorous, productive
and hardier than the diploids; they are normally
parthenocarpic and male sterile. Being more attractive to the
grower, the AAA triploids were multiplied at the expense of
the diploids. With time, natural hybridization occurred
between M. acuminata (AA and AAA) and wild-seeded
diploid M. balbisiana (BB; 2n = 22) to produce hybrid
progeny with the genomes AB, AAB and ABB. The triploid
hybrids could have been formed from diploid AB hybrids
which yield AAB and ABB types on backcrossing, or by
female restitution in AA clones with balbisiana pollen to
give AAB types, followed by backcrossing to give ABB
types. There are also natural ABBB tetraploid clones [18].
Banana and plantain production depends upon a limited
number of landraces selected by man from the natural
germplasm [14]. The inability to replace these landraces by
cultivars obtained through cross-breeding creates the
increased risk of epidemic disease such as Black Sigatoka

among genetically similar cultivars.  Consequently,
improvement  programs  have concentrated  almost
exclusively on resistance breeding. Difficulty in genetic
improvement has been attributed to a lack of useful genetic
variability, parthenocarpy and low levels of female fertility.
The commercial Musa cultivars are mainly triploids
(2n=3x=33). Musa species exhibit low seed set and poor
seed germination, this is because of the low male and female
fertility [21], and some are completely sterile. Pairing
irregularities due to uneven chromosome number of 33, as
well as hybridity between subspecies and mutations, alter
the frequency and distribution of meiotic exchanges
necessary for successful meiosis;thus making chromosome
segregation errors imminent at meiosis I [3].

Erratic movement of chromosomes during anaphase [22],
and the presence of univalents, amongst other causes, all
contribute to infertility in this genus. Hence plant
multiplication is done mainly by vegetative means. Banana
improvement programs in breeding for resistance, use wild
diploid species to introgress resistance genes into landraces;
firstly by crossing a 3x landrace with a 2x wild diploid to
produce tetraploids (4x). Selected tetraploids with desired
traits are then crossed with wild or improved diploids to
produce secondary triploids [17]. These crosses produce
unexpected ploidy frequencies and undesired traits due to
erratic chromosome segregation at meiosis. This paper
reports the various abnormalities observed during sporad
formation of some Musa accessions from the Musa field
gene bank of International Institute of Tropical Agriculture
(II'TA) high rainfall station at Onne, South-eastern Nigeria.

2. Materials and Methods

Plant material

The plants used in this study included 35 accessions
consisting of meiotic mutants selected from diploid, triploid
and tetraploid populations of the wild species and landraces
of Musa. The plants were obtained from the germplasm bank
at the high rainfall station at Onne, South-eastern Nigeria.
Only plants with available male buds were used for meiotic
and sporad analysis.

Volume 8 Issue 2, February 2019

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20195662

10.21275/ART20195662

1965



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
Impact Factor (2018): 7.426

Chromosome preparation
Meiotic chromosome spreads were prepared according to the
procedure described in Adeleke et al. [1]. Chromosomes
were photographed in a Leitz Diaplan microscope using
IIford PANF 50 film.

Sporad Counts

Freshly harvested male buds harbouring tetrad suspensions
were selected according to the method of Adeleke et al. [1].
The suspension was squeezed from the anther unto a clean
slide. A drop of water was added to the suspension to keep
the sporads in solution while counts of monads, diads, triads
tetrads, pentads and more were made under the light
microscope using a 6.3/0.2 objective and 12.5x eye piece.
The sporads were also photographed using a Leitz Diaplan
microscope using llford PANF 50 film.

(a) (b) (c) . (d)

3. Result and discussion

The meiotic chromosome spreads showed quite a number of
the accessions with univalents at the metaphase, as well as
bivalents, trivalents and even some quadrivalents (Fig. 1-5).
Chromosome pairing studies provided early indications as to
the genome relationships between polyploid species and
diploid relatives [13]. Furthermore, Dewey [7] very
explicitly states that like (homologous) chromosomes pair
and unlike (non-homologous) chromosomes do not.
Therefore, homologous chromosomes are similar and
pairing behavior is required to infer homology. It is however
now known that pairing can be controlled by genes. In the
Musa accessions studied, no single accession gave just one
pairing pattern at metaphase | (Table 1).

(e) (f)

Figure 1: Meiotic metaphase | chromosome of DiploidBananas; a-d: AA; e: BB; f: AB
(a) Calcutta 4 (b) Pitu (c) Pisang jari buaya (d) 4600-12 (e) M. balbisiana (f) Kamaramasengi

(@) ®) {c)

Figure 2: Metaphase | in Triploid Bananas AAA (a) High gate (b) Igisahira gizanzwe (c) Igumba

(@) (®) (c)

Figure 3: Metaphase | in Plantains AAB (a) (Obino L’ewai) (b) French Reversion (c) O. Ntanga

(@) () (c)

Figure 4: Metaphase | in Cooking Bananas (ABB) (a) Cardaba (b) Maduranga (c) Fougamou
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(@)
Figure 5: Metaphase | in Tetraploids (a) 1378 (Fougamou X Balbisiana) ABBB (b) 612-74 (Bluggoe X C4) AAAB

(b)

Table 1: Chromosome association at metaphase | in pollen mother cells of the different Musa accessions and their values per
pollen mother cell

Musa Accessions 2Znno. Genome 1 II 11 v W
Calcutta 4 (C4) 22 AA 022 §42 1.22 032 -

P. lilin 22 AA 0.l 942 060 030 -
Pitu 22 A 0.14 B34 0.82 068 -
Borneo 22 A 050 974 046 016 -

M. balbisianal0852 22 BB 020 1024 028 012 -

M. balbisiana HND 22 BB 018 930 062 012 -

Eti Kehel 22 BB 026 9356 082 004 -
Singapuri 22 EB 034 938 0.8 008 -
Kamaramasengi 22 AB 1.20 7.50 060 100 -
MNey Poovan 22 AB 16D 7.86 1.32 018 -
Cardaba 33 ABB 374 914 66 - -
Saba 33 ABB 1.83 8.17 450 033 -
Fougamou 33 ABB 184 1024 378 - -

Ice cream 33 ABB 1.02  3.06 .60 002 -
Obino L'ewai 33 AAB 118 1054 334 018 -
French Reversion 33 AAB lds 1356 118 022 -
Bobby Tannap 33 AAB .70 1210 218 014 -
Igisahira gizanzwe 33 AAA 1.22 510 6.02 082 018
High gate 33 AAA .64 B.66 346 114 002
Yangambi Km3 33 AAA I.1lo0 1158 262 028 -
282962 (Bob. T X C4 22 AA 024  9.00 1.56 022 -
4400-8 , , 22 AA 0.18 968 0.74 006 -
2625-5 - v 22 AA 0.le 494 044 024 -
007-4 22 AA 038 592 .10 012 -
1448=1 (Obino L ewai) 22 AA 017  9.60 075 010 -
1549-5 22 AB 0.19 988 0.69 - -
612-74 (Bluggoe X C4) 44 AAAB oo 1148 528 086 008
1378 (Fougamou X Balb) 44 ABEB 1.14 1382 290 128 012

The presence of large chromosome structural variations
within M. acuminata was proposed by cytogeneticists on the
basis of the observation of chromosome pairing irregularities
at meiosis in hybrids between M. acuminata accessions [8;
9; 6; 10; 19]. Cytogenetic studies have shown that
chromosomal pairing at meiosis in Musa acuminata is
generally regular in bivalents within subspecies, but
irregular with some multivalents and univalents in hybrids
between subspecies [8; 9; 6; 10; 19]. Chromosomal
structural variations between subspecies have been put
forward to explain those irregularities.

Many crops such as banana are derived from interspecific
hybridization; and many banana cultivars are triplod
(sometimes diploid) interspecific hybrids between M.
acuminata (A genome) and M. balbisiana (B genome)[4].

Meiotic studies by Agarwal [2] in diploid Musa species
suggest that the level of homology between the A and B
genomes is highly variable. The triploids had higher levels
of univalents and trivalents per pollen mother cell (PMC)
than the diploids (Fig. 2, 3, 4, Table 1). Here two tetraploids
also have high trivalent values per PMC (Fig. 6, Table 1).
The tetraploid hybrid 612-74 has a value as high as 5.28,
depicting its AAAB genome; and it still has a relatively high
value of 11.48 for bivalents per PMC. This suggests two
sources of the A genome in this hybrid. In this study,
chromosomal associations were mainly of univalents to
quadrivalents and very few pentavalents (lgisahira
gizanzwe, High gate, 612-74 and 1378) were seen in all the
representative Musa accessions studied.

Volume 8 Issue 2, February 2019

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20195662

10.21275/ART20195662

1967



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
Impact Factor (2018): 7.426

Figure 6: Anaphase | in some Musa accessions showing bridges and laggards.
a) 4400-8 (AA); (b) French Reversion (AAB); (c) Lepchang kut (ABB); (d) C4 (AA); (e) lgisahira (AAA)

.“

sl 1

Figure 7: Dividing pollen mother cells of some Musa accessions with different configurations of potential sporads: b and ¢
show unequal division of nuclei; d and e show laggard at metaphase plate surrounded with cytoplasm to form potential spores;
f, g and h are different configurations of tetrad spores.

The occurrence of univalents in all the Musa accessions
studied serves as a pointer to the erratic chromosome
movements observed generally in this genus at anaphase
[22]. Univalents often do not get on the metaphase plate but
may be arranged randomly along the spindle. These laggards
that fail to get on the metaphase plate may move to the
nearer pole ahead or behind the chromosomes that behave
normally at anaphase (Fig. 6). In addition, cytogenetic
aberrations at anaphase | such as lagging chromosomes and
anaphase bridges were also observed (Fig. 6). Where there is
a chiasma in a paracentric inversion, a chromatid bridge is
formed between the anaphase groups of chromosomes (Fig.
6). A fragment is usually left at the metaphase plate at
anaphase (Fig. 6a). The laggards and univalents were
excluded from the nuclear material of daughter cells during
spore formation, and were enclosed by cytoplasm becoming

Figure 8: Polyspory in Musa

potential spores (Fig 7d and e). This study showed that
irregularities in chromosome pairing (which is an indication
of genome relationship) at metaphase | in hybrids can be
traced to laggards and anaphase bridges; and this also can be
traced to the rounding up of these chromosomes with less
than the haploid number of chromosomes, as spores.
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