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Abstract

In this investigation Gloriosa superba L. was cytogenetically studied with orcein, CMA and DAPI-staining for authentic
characterization. “Complex Chromocenter Type” of interphase nuclei with 3—4 bigger darkly stained heterochromatic regions
was found in this species. The prophase chromosomes were “Interstitial Type” with darkly stained region at different inter-
stitial sites of chromosomes. This species had 2n =22 chromosomes with heterogenous centromeric formulae 14 m+ 8 sm.
In addition to the regular chromosomes, 1-6 small chromosomes were found in several mitotic pro-metaphase, metaphase
and anaphase stage which covered 43.57% of the total cell count of this species suggesting the probable occurrence of
B-chromosome. Presence of B-chromosome was probably the first report for this genus. After fluorescent banding, a pair of
dot like CMA fluoresced bands were observed whereas no bright band was found in G. superba after DAPI-staining which
suggested the coexistence of GC- and AT-base pairs in the genome. Thus, the compilation of the above information will be

very useful for cytogenetical characterization of G. superba L. in Bangladesh.
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Introduction

Gloriosa superba L. (Flame lily, Glory lily or Climber lily)
is one of the important medicinal plants now in endangered
list [31]. Flame lily belongs to Colchicaceae, is a perennial
tuberous climbing herb, extensively scattered in the tropi-
cal and sub-tropical countries of the world [1]. In Bang-
ladesh, G. superba is commonly known as Ulatchandal or
Ognishikha and widely used for several ethno-medicinal
purposes by tribal peoples and traditional practitioners in
Bangladesh [36]. Flame lily has numerous applications as
remedies to the local populations of both Africa and Asia.
Gloriosa derives its name from the word ‘gloriosus’, which
means handsome and superba from the word ‘superb’ means
majestic. Due to the floral beauty this plant is also popular
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for ornamental uses [30]. In the world market flame lily
considered as rich source of colchicine and gloriosine [31].
This species is not only a notorious human and livestock
poison, but also widely used in several indigenous systems
of medicine for the treatment of various human ailments.
The flower has analgesic, antiinflammatory, antimicrobial,
larvicidal, antipoxviral, antithrombotic, antitumor, enzyme
inhibition potential and also used in treatment of snake bite,
skin disease, respiratory disorders, etc. [1, 24, 30, 31]. In
recent years, there has been a gradual increase of interest
in the use of medicinal plants because it is safe without any
adverse or minimal side effect especially when compared
to synthetic medicines. Thus a search for new drugs with
better and cheaper substitutes from plant origin is a natural
choice [1, 24, 30, 31]. Increasing interest by multinational
pharmaceutical companies and domestic manufacturers of
herbal-based medicines is contributing significant economic
growth of the global medicinal plants sector. Therefore, the
conservation of such a valuable resource in the country is
very important. Once, Bangladesh had a tremendous wealth
of medicinal plants. Unfortunately 50% of these are extinct
due to over harvest, lack of proper conservation policy, sci-
entific use and systematic efforts to explore and exploit this
valuable potential [17]. Therefore, it is an urgent need to
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develop conservation policy of the native medicinal plants.
Before conservation authentic identification and genetical
characterization is very important. For genetic characteri-
zation stable and reliable methods must be followed. Kar-
yotype analysis is such a stable and reliable method which
also provides basic information about genetic makeup. A
number of earlier workers tried to characterize flame lily
by chromosome study which mostly confined to chromo-
some counts [8, 40]. Chromosome counting is not enough
to provide detail genomic information. Fluorescent chromo-
some banding is an excellent tool for karyotype analysis. It
helps to provide information regarding the distribution of
AT (Adenine-Thymine)- and GC (Guanine-Cytosine)- rich
repeats in the genome [2, 14]. Staining with DNA-base spe-
cific banding with fluorochromes such as chromomycin A
(CMA) and 4',6-diamidino-2-phenylindole (DAPI) is rela-
tively modern method for karyotype study. CMA binds with
GC-rich repetitive sequences of the genome and gives char-
acteristics yellow colour bands. On the other hand, DAPI
binds with AT-rich repeats giving characteristic blue colour
bands [4, 14, 20, 34]. Thus, it seems that fluorescent band-
ing is quite satisfactory for detail and critical chromosome
analysis such as identification of individual chromosome,
determination of amount and site of AT- and GC-rich base
pairs in chromosomes, etc. Study of staining properties of
interphase nuclei and prophase chromosomes are other kar-
yomorphological parameters. Tanaka [39] classified the dif-
ferent types of interphase nuclei and prophase chromosomes
on the basis of heterochromatin condensation. Later different
workers tried to characterize interphase nuclei and prophase
chromosomes by differential staining with orcein, CMA
and DAPI [3, 4]. The outcome of these studies showed that
various taxa including varieties of many plant species could
be distinguished by their staining properties of interphase
nuclei and prophase chromosomes. The extreme medicinal
and ornamental uses make G. superba endangered and thus
under threat. If it is not managed or conserved at this stage,
the consequences would be worse.

Therefore, in this study, differential karyotype analysis of
G. superba L. was carried out for the first time in Bangla-
desh with the following aims: (1) To understand the staining
property of the interphase nuclei and prophase chromosomes
after staining with orcein, CMA and DAPI. (2) To determine
the diploid chromosome number of G. superba. (3) To make
conventional orcein-stained karyotype. (4) To know the dis-
tribution of AT- and GC- rich repeats in genomes. (5) To
make full strength karyotype after CMA and DAPI-staining.
(6) To compile the multidimentional cytogenetical data for
characterization of G. superba from Bangladesh.
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Materials and methods

In this investigation, ten individuals of G. superba L. were
used as materials. These plants were maintained in the
Botanical Garden, Department of Botany, University of
Dhaka. Healthy roots were collected and pretreated with
0.002 M 8-hydroxyquinoline for 1 h 15 min at room temper-
ature followed by 15 min fixation in 45% acetic acid at 4 °C.
These were then hydrolyzed in a mixture of 1 N HCI and
45% acetic acid (2:1) at 60 °C for 1 min 45 s. The root tips
were stained and squashed in 1% aceto-orcein. For CMA-
and DAPI-banding, Alam and Kondo’s [4] method was used
with slight modification. After hydrolyzing the roots, the
excised meristematic portion of root tips were squashed with
45% acetic acid. The cover glasses were removed quickly
and allowed to air dry for at least 24 h before analysis. For
CMA-staining, the air-dried slides were first incubated in
Mcllvaine’s buffer (pH 7.0) for 25 min, followed by a Dis-
tamycin A (0.1 mg/ml) treatment for 10 min. The slides
were rinsed mildly in Mcllvaine’s buffer supplemented with
MgSO, (5 mM) for 10 min. One drop of CMA (0.1 mg/ml)
was added to the materials for 45 min in a humid cham-
ber and then rinsed with Mcllvaine’s buffer with Mg>* for
15 min. Slides were mounted in 50% glycerol and kept at
4 °C overnight before observation. These were observed
under Nikon (Eclipse 50i) fluorescent microscope with a
blue violet (BV) filter cassette. For DAPI-staining, after 24 h
of air drying, the slides were first incubated in Mcllvaine’s
buffer (pH 7.0) for 25 min and treated in Actinomycin D
(0.25 mg/ml) for 10 min in a humid chamber. The slides
were immersed in DAPI solution (0.01 mg/ml) for 45 min.
The slides treated with Mcllvaine’s buffer for 15 min and
mounted with 50% glycerol. These were observed under a
Nikon (Eclipse 50i) fluorescent microscope with an ultra-
violet (UV) filter cassette. For studying pollen viability,
mature flowers with yellow anthers of G. superba L. were
collected. One drop of aceto-orcein was placed on a clean
slide. The mature anthers were touched to the aceto-orcein
dye in such a way so that the pollen grains came in contact
with aceto-orcein. A clean cover slip was placed on it and
observed under microscope. A procedure proposed by Levan
et al. [22] was followed for determining centromeric types of
chromosomes. The measurement of relative length was done
by dividing the length of a particular chromosome with the
total length of the diploid complements. Centromeric index
was measured by the ratio of short arm to total length of that
chromosome and expressed as percent. To get an accurate
measurement of lengths, chromosomes from five metaphase
plates were measured. In karyotype the chromosomes were
arranged gradually from bigger to smaller in length. The
short arm placed on the upper side of the axis and long arm
on the lower side.
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Results and discussion

Nature of orcein stained interphase nuclei
and prophase chromosomes

In G. superba, three to four bigger darkly stained heterochro-
matic bodies were observed in the interphase nuclei after
orcein, CMA and DAPI staining (Fig. 1a—c). This type of
staining properties of interphase nucleus was regarded as
“Complex Chromocenter Type” [39]. The prophase chro-
mosomes of G. superba L. had darker region at different
interstitial sites after orcein staining (Fig. 1d). According
to Tanaka [39], this type of staining properties of prophase
chromosomes is known as “Interstitial Type”. Generally the
localized heterochromatic bodies of the interphase nuclei
scattered within the prophase chromosomes. In this regard,
this species followed general features of orcein staining in
the interphase nuclei and prophase chromosomes. Several
less fluoresced CMA and DAPI-stained portion were also
observed in prophase chromosomes (Fig. le—f).

Conventional karyotype

In this study, Glory lily was found to possess 2n =22 chro-
mosomes (Fig. 2; Tables 1, 2). The somatic chromosome

Fig. 1 Interphase nuclei and
prophase chromosomes of

G. superba L. after Orcein,
CMA and DAPI staining. a
Orcein-stained, b CMA-stained,
¢ DAPI-stained interphase
nuclei; d Orcein-stained, e
CMA-stained, f DAPI-stained
prophase chromosomes. Scale
bar=10 pm

number 2n =22 for G. superba L., was also reported earlier
[7, 10, 18, 25-27, 30, 32, 40]. Thus the present report cor-
relates with the previous findings.

However, different 2n-chromosome number for this spe-
cies were also available such as 2n=44 [28], 2n=88 [21]
and 2n =90 [35]. The present report regarding 2n chro-
mosome number did not support these findings. Accord-
ing to chromosome number records, the genus Gloriosa is
characterized by monobasic chromosome number (x=11)
such as G. superba, G. lutea and G. plantii are diploids
(2n=2x=22), G. carsonii, G. virescens and G. richmon-
densis are tetraploids (2n=4x=44) and G. rothschildiana,
G. latifolia and G. magnifica are octaploids (2n=8x =88)
[30]. If the basic chromosome number of G. superba is con-
sidered as x =11, then the species with 2n=4x =44 [28]
and 2n=8x =88 [21] could be regarded as tetraploid and
octaploid species, respectively. In contrast, 2n=90 [35] for
this species might be a case of aneuploidy.

Total length of diploid complements in this species was
98.62+2.45 pum (Tables 1, 2). Gloriosa superba L. was
found to possess 14 metacentric chromosomes and 8 sub-
metacentric chromosomes. Relative length of individual
chromosome ranged from 0.03 to 0.08 and the range of
individual chromosomal length was from 3.28 +0.21 to
7.83+0.37 um (Tables 1, 2). The first chromosome pair
of G. superba L. was comparatively larger (about 7.8 um)
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Fig.2 Metaphase chromosomes of G. superba L. after Orcein, CMA and DAPI staining. a—h Orcein-stained, i-p CMA-stained, qg—x DAPI-
stained metaphase chromosomes. (arrow indicates B-chromosomes and *indicates large sub-meta chromosome). Scale bar=10 pm

than the rest 10 pair of chromosomes (Figs. 2, 3; Table 1).
This pair could be placed in a distinct group on the basis of
modality. In contrast, the chromosomal lengths of other 10
pairs were more or less similar (3.28-5.58 um) i.e. differ-
ence between chromosomal length between these 10 pairs
was about 2 um. There was gradual decease of chromo-
somal length in these 10 chromosome pairs. These 10 pairs
of chromosomes could be placed in another group on the
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basis of modality. In this respect, G. superba L. was found
to possess slightly bimodal karyotype (Figs. 2, 3; Table 1).
On the other hand, presence of both metacentric and sub-
metacentric chromosomes with bimodality indicated these
species had asymmetric karyotypes (Tables 1, 2). Steb-
bins [37] mentioned that the asymmetric karyotypes were
advance character. Therefore, G. superba L. was advance
in nature in respect of evolutionary point of view.
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Table 1 Length, arm ratio, centromeric index, relative length and centromeric type of mitotic metaphase chromosomes of G. superba L.

Chromo-  Long arm (1) (um) Short arm (s) (um)  Total length (T) (um)  Armratio (I/s)  Relative Centro-meric  Centro-

some pair length (RL) index (CI) meric type

(CT

1 4.03+0.13 3.80+0.23 7.83+0.37 1.06 0.08 48.53 m
3.85+0.22 3.62+0.21 7.47+0.23 1.06 0.08 48.46 m

1I 2.82+0.11 276 +£0.25 5.58+0.71 1.02 0.06 49.48 m
2.85+0.30 2.65+0.29 5.50+0.38 1.08 0.05 47.73 m

1 3.34+0.27 2.12+0.31 5.46+0.56 1.58 0.06 38.95 sm
3.26+0.32 2.09+0.18 5.35+0.47 1.56 0.05 39.56 sm

v 2.59+0.15 2.30+0.34 4.89+0.53 1.13 0.05 47.06 m
2.59+0.19 2.18+0.28 4.77+0.39 1.19 0.05 45.78 m

v 2.65+0.26 1.66+0.23 4.31+0.61 1.60 0.04 38.67 sm
2.65+0.32 1.66+0.16 4.31+0.58 1.60 0.04 38.67 sm

VI 2.60+0.38 1.63+0.09 4.23+0.49 1.60 0.04 39.73 sm
2.60+0.24 1.63+0.11 4.23+0.38 1.60 0.04 39.29 sm

VII 2.10+0.24 1.90+0.15 4.00+0.46 1.11 0.04 49.23 m
2.10+0.17 1.90+0.08 4.00+0.63 1.11 0.04 48.98 m

VIII 1.84+0.26 1.78 +0.17 3.62+0.47 1.03 0.04 49.21 m
1.73+0.18 1.67+0.29 3.39+0.32 1.04 0.03 49.15 m

IX 1.84+0.09 1.44+0.12 3.28+0.26 1.28 0.03 43.86 m
1.84+0.10 1.44+0.08 3.28+0.19 1.28 0.03 43.86 m

X 2.11+0.07 1.17+0.14 3.28+0.11 1.80 0.03 38.60 sm
2.11+0.16 1.17+0.09 3.28+0.26 1.80 0.03 38.60 sm

XI 1.84+0.12 1.44+0.09 3.28+0.13 1.28 0.03 43.86 m
1.84+0.17 1.44+0.14 3.28+0.21 1.28 0.03 43.86 m

GT 98.62+2.45

m=metacentric chromosome, sm =sub-metacentric chromosome

Table 2 Karyomorphological features of G. superba L. after differen-
tial staining

2n: 22

Total length of the metaphase chromosomes 98.62 +2.45
(pm):

Range of individual chromosomal length 3.28+0.21-7.83+0.37
(pm):

Range of relative length: 0.03-0.08

Centromeric formula: 14 m+8sm

No. of CMA-bands: 2.00

% of GC-rich repeats: 2.03

CMA-banded karyotypic formulae: 200+208

No. of DAPI-bands: -

% of AT-rich repeats: -

DAPI-banded karyotypic formulae: 228

m=metacentric chromosome, sm=sub-metacentric chromosome,
a=Fluorescent band in terminal region of short arm, $=No fluores-
cent band

Probable reasons for the origin of sub-metacentric
chromosomes

In this study, at least 50 mitotic metaphase cells of ten dif-
ferent individuals of G. superba L. were observed for each
staining. Glory lily was found to possess eight sub-metacen-
tric and fourteen metacentric chromosomes (14 m+ 8sm)
in most of the mitotic metaphase cells (Figs. 2, 3; Tables 1,
2). Two large metacentric chromosomes were observed in
chromosome pair I in about 84% mitotic metaphase cells
of G. superba (Fig. 2a, c, d, f-h, i-1, p—q, s—x). However,
in some metaphase cell (about 16%), there was one large
metacentric chromosome and another large sub-metacentric
chromosome (Fig. 2b, e, m, r, * indicates sub-metacentric
chromosome). This sub-metacentric chromosome in pair I
might be originated from metacentric chromosomes by peri-
centric inversion.

Fluorescent banding

In G. superba, a pair of dot like CMA fluoresced bands
were observed on the short arms of both homologues of
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Fig.3 Karyotype of G. superba
L. made from Orcein, CMA
and DAPI stained metaphase
chromosomes. a Orcein-stained
karyotype (arrow indicates
sub-metacentric chromosomes),
b CMA-stained karyotype
(arrow indicates CMA-banded
chromosomes), ¢ DAPI-stained
karyotype. Scale bar=10 um

chromosome pair XI (Figs. 2i—p, 3b). The total length of
CMA banded region was 2.00 pm which covered about
2.03% of the total chromatin length. The CMA banded kar-
yotype formula of this species was 2a+20p (Table 2). No
significant brightly fluoresced DAPI-band was observed in
G. superba. The DAPI banded karyotype formula of this
species was 22 (Figs. 2q—x, 3c; Table 2). However, all AT-
rich or GC-rich heterochromatic regions do not react equally
to these fluorochromes i.e. they fluoresce with the same
brightness as euchromatin [6, 9, 11, 33]. Heterochromatins
could react with different base-specific fluorochromes in a
preferential manner and could be categorized as AT-rich,
GC-rich or neutral [12]. In this study, presence of only a pair
of bright CMA-band and absence of bright DAPI-band in
this species suggested the neutral distribution or coexistence
of GC- and AT-base pairs in the genome.

B-chromosome?

In the present investigation, a total of 482 mitotic cells from
ten individuals of Glory lily were assessed. In addition to
regular 2n =22 chromosomes, 1-6 small chromosomes were
found in several mitotic metaphase cells of these ten indi-
viduals. Numbers of these chromosomes were variable in
different mitotic cells. Moreover, these chromosomes were
remarkably smaller (about 1.0-1.5 um) than the smallest
regular chromosomes (3.28 pm) in length and thus could not
be arranged with the normal complements in the respective
karyotype (Figs. 2, 3; Table 3). In mitotic pro-metaphase
these small chromosomes were stayed separated (Fig. 4e).
During mitotic anaphase these chromosomes showed pref-
erential segregation (Fig. 4f—i). The above features sug-
gested these small chromosomes as B-chromosomes (Bs).
However, in some mitotic anaphase cells B-chromosomes
were found to express laggard nature (Fig. 4f—i). This kind
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of laggard nature of B-chromosomes at anaphase stage was
also reported by Ali et al. [5] in Rye. There is no previous
report on the presence of B-chromosome in the genus Glo-
riosa [16, 23]. Thus, existence of B-chromosome might be
the new report for this species. However, B-chromosomes
were reported earlier in three species of the genus Andro-
cymbium such as A. gramineum, A. rechingeri and A. wys-
sianum under the family Colchicaceae [16]. According to
previous reports, B chromosomes tend to be neutral in their
phenotypic effects in low numbers and harmful in high num-
bers [13, 15, 29, 41]. In other word, high number of B-chro-
mosomes showed deleterious effect on the vigor and fertility
of a plant population such as rye, wheat, maize, etc. [13, 15,
41]. However, according to the present observation, 56.43%
of the total counted cells did not exhibit B-chromosomes
whereas 43.57% displayed Bs, among which 20.54% had
1 B, 15.35% had 2 Bs, 4.77% had 3 Bs, 1.87% had 4 Bs, 5
and 6 Bs were rare in those plants (Fig. 2, Table 3). There-
fore, it might be suggested that, analyzed B-chromosome
caring plants in this experiment showed about 96% pollen
fertility and regular fruit formation with viable seed due to
possessing low number of Bs (Fig. 4a—d). Generally B-chro-
mosomes are heterochromatic in nature [13, 15, 38]. In this
study, B-chromosomes were brightly fluoresced after CMA-
staining and less fluoresced with DAPI-staining (Fig. 2i—x).
The above observation suggested that the heterochromatins
of B-chromosomes of G. superba were mostly made up of
GC nucleotides. Komissarov et al. [19] reported GC-rich
B-chromosomes in Lates calcarifer which correlates with
the present findings.

This study consisted of cytogenetical analysis of G.
superba and yielded a new report of B chromosome for
the first time in this species as well as within the genus
Gloriosa. Interestingly, the analysis of the mitotic behav-
ior of these supernumerary chromosomes showed some

Table 3 Number and frequency of B-chromosome over normal somatic chromosome (2n=22) of Glory lily

Number of plant specimens studied Total number of cell count Number of cell with Bs No. of B-chromosome

% of cells with Bs

1B 2Bs 3Bs 4Bs 5Bs 6Bs

10 482 210

9 74 23 9 1 4 43.57
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Fig.4 Fruit, seeds, pollen grains, mitotic pro-metaphase and mitotic anaphase of G. superba L. a Fruit, b Seeds, c—d Pollen grains (arrows indi-
cate sterile pollen grains); e Mitotic pro-metaphase, f—g Mitotic anaphase (arrows indicate B-chromosomes)

particular features confirming its variability and also its
laggard nature during anaphase.
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