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ABSTRACT

A cytogenetic investigation was conducted on four lines of fluted pumpkin (7elfairia occidentalis Hook. F.) using the cold-induced
pretreatment method as an integral part of the conventional technique. One major objective was to establish the chromosomal basis for
sexual dimorphism in the crop. The results revealed a diploid chromosome number of 2n = 22. The chromosomes are mainly metacentric
and submetacentric with only chromosome pairs 10 and 11 being subtelocentric and telocentric, respectively. The karyotypic analysis
revealed that chromosome pair number 5 is homomorphic in the female plant but heteromorphic in the male plant. The ideograms showed
that the chromosome complement falls into 11 size class groups of one chromosome pair per class in the female and 12 size class groups
with the 5™ chromosome pair having two size groups arising from the non-identical lengths in the male. This would appear to implicate an
XY system of sex chromosomes with homogametic XX female and heterogametic XY male in fluted pumpkin.
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INTRODUCTION

Some plant species are sexually polymorphic, including
dioecious species with separate males and females. Fluted
pumpkin (Telfairia occidentalis Hook. F.) belongs to the
family Cucurbitaceae (Irvine 1969; Purseglove 1984). Itis a
dioecious species with female plants producing only pis-
tillate flowers and male plants producing only staminate
flowers (Asiegbu 1985). This mechanism has made out-
breeding mandatory and has, over the years, resulted in
large genetic variability in fluted pumpkin. The dioecious
nature of the crop has been found to affect the ratio of male
to female plants. In a normal population, this ratio is ap-
proximately 1: 1 (Anyim and Akoroda 1983; Akoroda and
Adejora 1990).

The flower is entomorphilous. The male flowers are
borne on racemose inflorescence at the tip of the vines
while the female flowers are solitary on short stalks in the
leaf axils (Esiaba 1982). Akoroda et al. (1990) suggested
that aphid, Nomia tridentuta could be a pollinator of Tel-
fairia because of its frequent presence on the female
flowers, though some other insects like bees, dipteran flies,
nymphs of bugs, black ants and carpenter bees thrive in 7el-
fairia farms too. Fruits are formed 1-3 days after pollination
and normally reach maturity after 3 months. Viable seeds
are usually obtained from mature fruit after senescence.

Some attempts have been made to explain sexual di-
morphism in fluted pumpkin with morphological and mole-
cular markers (Ndukwu et al. 2005). Based on phenotypic
observation, the authors reported that the female plants
were generally larger in size than the male plants. They
were also able to provide evidence of polymorphism using
DNA fingerprints but could not provide any explanation for
sexual dimorphism in fluted pumpkin. The present study
was therefore initiated to address this lapse and provide
convincing explanation for dioecy in fluted pumpkin which,
to date, is unavailable in the literature.

MATERIALS AND METHODS

Mitotic analysis of 7. occidentalis was carried out using the cold-
induced pretreatment method (Darlington and LaCour 1940) as an

integral part of the conventional techniques. Tender root tips of
germinating seeds extracted from fluted pumpkin pods were har-
vested (excised) at 11.00 am when mitotic activities are believed
to be high (Jackson 1962), using sterilized forceps and scalpel.
The root tips, nearly 1 cm in length excised from the extracted
seeds were washed with distilled water and cooled at 4°C for 48
hrs in a refrigerator (cold treatment).

The root tips were fixed with freshly prepared farmer solution
(3 parts ethyl alcohol: 1 part glacial acetic acid) for 24 hrs and
stored in 70% ethanol. They were rinsed with distilled water twice
and hydrolysed in 18% HCI for 10 min at 60°C and rinsed in
distilled water. The meristematic region of a young root tip was
squashed in a drop of aceto-carmine (1%) on a slide. The cover
slip was tapped gently with the end of a dissecting needle to
spread the cells. The cells were then flattened by supplying firm
pressure with the thumb on the slide that was placed between folds
of filter paper. The slides were examined under a compound mic-
roscope. The slides that had well spread metaphase were photo-
graphed at X1000 using an Olympus, BX 51 model of photo-
microscope equipped with Olympus C 4040 digital camera.

Chromosome measurements were made in pm. Measure-

ments of the short arm (S), long arm (L) and the chromosome
length (S+L) were made for each chromosome. The arm ratio (r =
L/S) was calculated and used to classify the chromosomes as pro-
posed by Levan et al. (1961). The centromeric index, (S/S+L)
X100 or (F %) was calculated as the ratio of short arm length to
the total chromosome length expressed in percent (Huziwara
1962). The total chromosome length in percent, TCL (%) was cal-
culated using the formula described by Huziwara (1962).

TCL (%) = (S+L/3(S+L)) 100

where S = short arm length and L = long arm length.

The chromosomes were matched based on gross size, arm
length and arm ratio measurements. The chromosomes were or-
ganized into metacentric, submetacentric, subtelocentric and
telocentric according to their arm ratios. The images of paired
chromosomes were cut and arranged in order of decreasing length
to produce the ideograms. In assessing the chromosome morphol-
ogy, centromeric position terminologies proposed by Abraham and
Prasad (1983) were used. Depending on the relative length, the
chromosomes were assigned to size classes according to Stebbins
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Fig. 1 Karyogram and Kkaryotype of 7. occidentalis showing non-
identical pair of chromosome no. 5 in the male plant.

(1938) as follows:

A. Short/small chromosomes (average length less than 2 pm);
B. Medium-small chromosomes (2-5 pm);
C. Medium-large chromosomes (5-9 pm);
D. Large/long chromosomes (average length more than 9 pm).

RESULTS AND DISCUSSION

The photomicrographs showed clear evidence that the cul-
tivated fluted pumpkin is a diploid with a somatic chromo-
some number of 2n = 22 (Figs. 1, 2). This finding is in
agreement with an earlier report (Okoli and Mgbeogwu
1983). Table 1 shows the classification of the chromosomes
according to Abraham and Prasad (1983) and Stebbins
(1938). The chromosomes are mainly metacentric and sub-
metacentric with only chromosome pairs 10 and 11 being
subtelocentric and telocentric, respectively. The chromo-
some pairs 1-4 are classified as medium-large and chromo-
some pairs 5-11 classified as medium-small. The karyotypic
formula proposed for T. occidentalis based on the morpho-
logical characteristics of the chromosomes is 4C™ + 1B™ +
4B™ + 1B™ + 1B'. The superscripts, m, sm, st and t rep-

Table 1 Karyotypic data of Telfairia occidentalis.
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Fig. 2 Karyogram and karyotype of 7. occidentalis showing identical
pair of chromosome no. 5 in the female plant.

resent the metacentric, submetacentric, subtelocentric and
telocentric positions of the centromere.

The ideograms (Figs. 3, 4) show the karyotype graphic-
ally. It is obvious from the ideogram of the female that the
complement falls into 11 size class groups of one chromo-
some pair per size class. In contrast, the chromosome com-
plement of the male showed 12 size groups (Fig. 1) with
chromosome pair number 5 having two sizes arising from
the non-identical lengths. The length of one of the chromo-
somes is 5.25 pm corresponding with the length of the two
chromosomes in the female. The length of the other chro-
mosome is 4.89 pum (Table 2). This scenario is suggestive
that the chromosome pair number 5 is homomorphic in the
female plant but heteromorphic in the male. These revela-
tions would appear to implicate an XY system of sex chro-
mosomes with a homogametic XX female and a hetero-
gametic XY male in the fluted pumpkin.

Asiegbu (1985) reported that there were no evidence of
monoecism, hermaphroditism or sex reversal in fluted
pumpkin populations. The author also reported equal male
and female ratios (1: 1) of 7. occidentalis in the field. The
existence of equal sex ratios (1: 1) is suggestive of equal
possibilities in the separation of the sex chromosomes
during gamete formation with no gamete recombination
between the X and Y chromosomes. Equal sex ratios are
unlikely in situations where dioecy is entirely genic without
any cytological manifestation either in behaviour or struc-

Chromosome S (um) L (um) S+ L (um) TCL (%) Arm ratio F% Centromere Type
pair number  chromosome (L/S) position

1 3.38+0.17 4.10+0.19 7.48 £0.29 13.49 1.21 45.19 M C
2 2.87+0.16 3.73+0.15 6.60 +0.25 11.90 1.30 43.48 M C
3 2.52+0.15 3.63+0.12 6.15+0.18 11.09 1.44 40.98 M C
4 2.30+0.11 3.55+0.15 5.85+£0.20 10.62 1.54 39.32 M C
5 2.00+0.07 325+0.11 525+0.12 9.47 1.63 31.05 SM B
6 1.70 £ 0.16 3.15+0.09 4.85+0.11 8.75 1.85 5.05 SM B
7 2.10+0.14 240+0.15 4.50+0.16 8.12 1.14 46.67 M B
8 1.38+0.18 2.78 £0.20 4.16+0.18 7.50 2.01 33.17 SM B
9 1.25+0.17 2.50+0.18 3.75+0.10 6.76 2.00 3333 SM B
10 0.90 +0.40 2.65+0.16 3.55+0.11 6.40 2.94 25.35 ST B
11 0.05+0.05 325+0.10 330+0.11 5.95 65.0 1.52 T B
Total 20.45 34.99 55.44

Mean 1.86 3.18 5.04

S : Short arm length (+ S.E), L: Long arm length (+ S.E), S+L : Total chromosome length (+ S.L), TCL(%) : Total chromosome length percentage (S+L/Y(S+L)) X 100
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Table 2 Karyotypic data of Telfairia occidentalis.

Chromosome S (um) L (um) S+ L (um) TCL (%) Arm ratio F% Centromere Type
pair number chromosome (L/S) position
1 338+0.17 4.10+£0.19 7.48 £0.29 13.49 1.21 45.19 M C
2 2.87+0.16 3.73+0.15 6.60 +£0.25 11.90 1.30 43.48 M C
3 2.52+0.15 3.63+0.12 6.15+0.18 11.09 1.44 40.98 M C
4 2.30+0.11 3.55+0.15 5.85+£0.20 10.62 1.54 39.32 M C
5 (F)2.00+0.07 325+0.11 525+0.12 9.47 1.63 31.05 SM B
M) 1.72£0.15 3.17+0.10 4.89+0.18 8.88 1.84 35.17 SM B
6 1.70 £0.16 3.15+0.09 4.85+0.11 8.75 1.85 35.05 SM B
7 2.10+0.14 2.40+0.15 4.50+0.16 8.12 1.14 46.67 M B
8 1.38 +£0.18 2.78+£0.20 4.16+0.18 7.50 2.01 33.17 SM B
9 1.25+0.17 2.50+0.18 3.75+£0.10 6.76 2.00 3333 SM B
10 0.90 +0.40 2.65+0.16 3.55+0.11 6.40 2.94 25.35 ST B
11 0.05+0.05 3.25+0.10 3.30+0.11 5.95 65.0 1.52 T B
Total 20.17 3491 55.01
Mean 1.83 3.17 5.01

S : Short arm length (£S.E), L: Long arm length (+£S.E), S+L : Total chromosome length (+S.L), TCL(%) : Total chromosome length percentage (S+L/Y(S+L)) X 100, F :

Female, M : male
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Fig. 3 Ideogram of T. occidentalis showing female sex chromosomes.
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Fig. 4 Ideogram of T. occidentalis showing male sex chromosomes.

11

ture of chromosomes as reported for some members of the
family, Cucurbitaceae: Luffa echinata, Momordica dioica,
Edgaria darjeelingensis and Melothria heterophylla (Wes-
tergaard 1958). It is also unlikely in situations where dioecy
arose from nascent epigenetic changes due to cytosine
methylation (Gorelick and Osborne 2002; Gorelick 2003).
Thus, the most elegant explanation for the equal sex ratio of
male and female plants is the presence of a distinct pair of
male and female sex chromosomes in T. occidentalis. Ap-
parently from the foregoing, it is reasonable to conclude
that sex in fluted pumpkin is genetically determined. How-
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ever, it is difficult at this stage to determine the number of
loci that determine maleness. A detailed mapping of the
fluted pumpkin chromosome carrying the sex determining
genes would reveal structural details about the sex deter-
mining region. Gene sequencing would help uncover the
candidate sex determining gene or genes. Therefore, the sex
mechanism should be followed further for a better under-
standing of the nature of genes on the Y chromosome as
well as its male determining potentiality. Genomic tech-
nology could be employed to characterize the male specific
region involved in sex determination at the molecular level.
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