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ABSTRACT

Chromosome studies and soluble protein profiles, fractionated by reducing and non-reducing SDS-PAGE, were carried
out in dioecious Trichosanthes bracteata. Somatic chromosome no. 2n = 22 was recorded in both sexes. The karyotype
of male and female plant shows high homogeneity and the absence of any heteromorphic pair of chromosomes negates
the possibility of XY mechanism. Soluble protein profiles from the tuberous roots of the male and female plants, frac-
tionated by reducing SDS-PAGE, did not show any qualitative distinction. Whereas the protein profile in non-reducing
SDS-PAGE reveals a clear distinction when compared on a single gel. The difference is marked by the presence of a
disulphide linked tertiary or folded protein at 19 k D region detected in male sex. However, at the level of primary

structure the qualitative expression is similar indicating a common ancestry.
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1. Introduction

Most of the flowering plants are bisexual having flowers
with both male and female reproductive organs and only
less then 4% plant species are dioecious in nature i.e.,
strictly maintain their sexual phenotypes [1]. The vast
majority of the dioecious plant species have no visibly
different sex chromosomes and only some species show
distinct X and Y chromosomes in relation to sex [2-5].
Chromosomal sex determination system in flowering
plants also indicates that the plant sex chromosomes have
evolved recently through replicated independent events
[6]. Trichosanthes bracteata (Lamk.) Voigt, a vegeta-
tively propagated dioecious perennial species of cucurbi-
taceae, commonly grows in moist thickets and is distrib-
uted in the Eastern Himalayas in India, Bangladesh,
Southern China, Southern Japan, Malayasia and tropical
Australia [7,8]. T. bracteata is an important medicinal
plant in several traditional systems [9]. The seeds of T.
bracteata also contains high amount of punicic acid [10].

In Trichosanthes bracteata, male and female plants
strictly maintain their respective sexual phenotypes and
every year sprouting occurs, from their respective vege-
tative reproductive structure i.e., the tuberous root, with-
out failing to reproduce their own kind. Limited cytoge-
netic studies had so far been made in this taxon and there
is a record of polyploid series from diploid to hexaploid
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[11-15]. However, comparative analysis of the detailed
karyotype of the sex forms of T. bracteata was not car-
ried out till date probably due to its ecological distribu-
tion and extreme difficulty in obtaining suitable chro-
mosome spreads needed for thorough analysis.

In the absence of information on chromosomal basis of
sex determination, electrophoretic study of soluble pro-
tein profile of the vegetative propagules could be useful
in understanding the genic expression of sexual pheno-
types. The present investigation has, therefore, been aimed
at karyotype and SDS-PAGE analysis with or without
2-mercaptoethanol to resolve the differences, if any, be-
tween the sexes of T. bracteata.

2. Materials and Method

The tuberous roots of the sex forms of T. bracteata grow-
ing in wild condition collected from west Tripura were
grown in the experimental garden of the Department of
Botany, Tripura University.

2.1. Study of Somatic Chromosome

Young leaf tips of the sex forms of Trichosanthes brac-
teata were pre-treated in saturated solution of para-di-
chlorobenzene at 10°C - 15°C for 4 hours followed by
overnight fixation in 1:3 acetic-ethanol mixture. The leaf
tips were then stained overnight in 2% aceto-orcein after
hydrolysis in 5(N) HCI at cold for 20 minutes and finally
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squashed in 45% acetic acid. While preparing the karyo-
type, five well spread metaphase plates were compared
and in cases where the length and arm ratio varied the
mean was taken to calculate the F%.

2.2. Sodium Dodecyl Sulphate Gel
Electrophoresis

2.2.1. Quantitative Estimation of Protein

Two grams of fresh tuberous tissue were homogenized in
4 ml of extraction buffer containing 0.25 M sucrose and
1ImM EDTA in 0.1 M Tris-HCI buffer (pH 6.8). The
homogenates were then centrifuged at 12,000 rpm for 45
minutes at cold. The supernatants were collected and
immediately used for electrophoresis. The protein con-
centration was estimated by the method of Lowry et al.
[16] using BSA as a standard.

2.2.2. Molecular Analysis of Extracted Samples

The soluble protein obtained in extraction buffer was
boiled with equal amount of 1 X strength electrophoresis
sample buffer (12.5% glycerol, 1.25% SDS, 0.005%
bromophenol blue, 62.5% Tris-HCI, pH 6.8) in presence
and absence of 178 mM 2-mercaptoethanol for 5 minutes &
allowed to cool at room temperature before proceeding to
the next step. All the reagents used were of electrophore-
sis grade (SRL & MERCK). Electrophoresis in 12% po-
lyacrylamide slab gel containing 0.1% SDS [17] using a
discontinuous system [18] was carried out and approxi-
mately 15 pg or more than 15 g protein was loaded onto
each lane as per experimental design. Protein patterns
were visualized by staining the gel for overnight with
0.2% Coomassie Brilliant Blue R-250 in methanol: gla-
cial acetic acid: DDH,0 (9:2:9) mixture followed by de-
staining repeatedly with mixture of iso-propanol: acetic
acid: DDH,0 (2:1:7).

The position of the bands was expressed as relative mo-
bility (Rm) and was determined by measuring the ratio of
the distances traveled by a particular band and the indi-
cator Bromophenol Blue. The different Rm values of the
protein bands were numbered serially. Using five cycle
semi log graph paper their molecular weights were de-
termined from the standard curve.

3. Results

The sexual phenotypes of T. bracteata differ and it has
been observed that the male flowers of T. bracteata are
in racemes and having bracts 3 - 4 cm long whereas fe-
male flowers are solitary and without any bract (Figures
1(a) and (b)).

The somatic chromosome number 2n = 22 (Figures
2(a) and (b)) was found in both sexes of T. bracteata
having two pairs of chromosomes bearing secondary
constrictions. In general, chromosomes are short to me-
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dium in size and could be classified [19] into 4 distinct
morphological types:

Type A: Short chromosomes (1.68 um) bear 2 con-
strictions, primary and secondary, one is nearly sub-me-
dian and the other is sub-terminal in position;

Type B: Chromosomes are short (2.13 um) having 2
constrictions, primary and secondary, both are nearly
sub-median in position;

Type C: Short chromosomes (1.06 pm - 1.60 pm), the
constriction of chromosomes are median and or nearly
median in position;

Type D: The chromosomes (2.96 pum) are medium in
size and the constrictions are nearly sub-terminal in posi-
tion.

The biggest chromosome of the somatic chromosome
complements is a medium sized acrocentric chromosome
with sub-terminal constriction and does not bear any
secondary constriction. The TF% of male and female
plants is 36.04 and 35.93 respectively. According to
Stebbin’s categorization, the karyotype of both male and
female plants falls under category 2B.

Soluble protein profile of tuberous roots of male and
female plants showed differential expression in reduc-
ing SDS-PAGE and non-reducing SDS-PAGE (Fig-
ures 3(a) and (b)) profiles. The reducing SDS-PAGE
of both the sex forms showed 25 common bands in all
the experimental set studied. In the non-reducing SDS-
PAGE protein profile the female sex showed 28 bands
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Figure 1. T. bracteata twigs with female and male flowers
respectively.
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Figure 2. Somatic metaphase plates of male and female
plants of T. bracteata respectively showing 2n = 22 chromo-
somes.
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and the male plant showed an additional band when
lesser amount of protein (15 pg/lane) protein was loaded
on to gel (Figures 3(e) and (f)).

4. Discussion

Somatic chromosome count 2n = 22 are found constant
in both sexes of Trichosanthes bracteata which corrobo-
rates the findings of Verghese [17]. The biggest chro-
mosome of the somatic chromosome complements is a
medium sized acrocentric chromosome with sub-terminal
constriction and does not bear any secondary constriction
as was reported by Verghese [18]. The karyotype of male
and female plants exhibits a gross similarity in the types
of chromosome present, number of chromosomes with
secondary constriction, TF%, chromosome arm symme-
try index and total chromosome length (Table 1). The
karyotype formula of both sexes is also identical (A;B,-
C16D5). The diploid males are homogametic and no hetero-
morphic pair of chromosome is recorded in relation to sex.
The chromosome complements, therefore, do not show XY
mechanism in relation to sex. Obviously, the sex expression
in T. bracteata is under genic control. Stebbins [20] ana-
lysed the degree of asymmetry of the flowering plants
recognizing three degrees of difference between the lar-
gest and smallest chromosome complements and four
degrees with respect to the proportion of chromosome
which are acro- or telocentric. In the light of this knowl-
edge, the karyotype of both male and female plants falls
under Category 2B (Table 1) and a progressive asymme-
try is, therefore, noticed.

The soluble protein profiles of the sex forms of T.
bracteata fractionated by reducing SDS-PAGE did not
show any marked distinction and only a variation in the
intensity of staining pattern was observed in all experi-
mental set (Figures 3(a) and (b)). A different result in
protein profile was however obtained when subjected to
non-reducing SDS-PAGE analysis. A total of 28 bands
were found to be common in male and female plants in
non-reducing profile when ~30 g proteins were loaded
(Figures 3(c) and (d)). On the contrary when ~15 ug pro-
teins were loaded onto each lane a single band differ-
ence was observed along with a significant variation in
the intensity of the band patterns between the sexes. The
electrophoretic distinction between two sexes is, there-

fore, marked by the presence of disulphide linked tertiary
or folded protein at the 19 K D region in male sex. The
variability thus obtained suggests that such tertiary or
folded proteins are formed in the vegetative propagules
of male sex which is not found in female plant. But even-
tually in the primary structure the qualitative expression
is similar (Figures 3(e) and (f)) in both sexes indicating a
common ancestry.

5. Conclusion

The karyotype of male and female plants of dioecious T.
bracteata, analysed separately for the first time, is iden-
tical and no heteromorphicity is recorded in relation to
sex. Obviously, the sex expression is under genic control.
The present study also suggests that non-reducing SDS-
PAGE profile could be used to resolve the distinction
between the sexes of dioecious Trichosanthes brac-
teata.
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Figure 3. (a)-(d) Electrophoregram of reducing and non-
reducing protein profiles from tuberous roots of female and
male plants of T. bracteata (a-female, b-male). (e), (f) Elec-
trophoregram of non reducing protein profile (with lesser
amount of proteins) of female and male plants of T. brac-
teata respectively (Arrow indicates a band at 19 K D re-

gion).

Table 1. Comparative analysis of karyotype of male and female T. bracteata.

Somatic No. of chromosomes
Sex chromosome with secondary Total chromosomg TF% Chromosome arm Stebbin’s categorization
o length (um + S.E) symmetry index
number constriction
M 22 4 36.26 + 0.003 36.04 56.34 2B
F 22 4 36.36 + 0.003 35.93 56.10 2B

“Mean of 5 plates.
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