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Abstract

The present investigation aims to provide a comprehensive understanding
of the chromosomal architecture of Stemona tuberosa Lour, a plant species
of high ethnobotanical significance belonging to the family Stemonceae.
The study entailed a thorough examination of the chromosome number,
which was determined to be 2n=14, with a basic number of X=7. Based on
Stebbins’s categorization, the karyotype of S. tuberosa falls under 1B cate-
gory, which indicates a relatively lower degree of asymmetry in chromo-
some complements. Moreover, the study also comprises various other kary-
omorphological indices, which may act as a significant key for intra-generic
investigation of other species in the future. These findings offer new insights
into the chromosomal makeup of S. tuberosa and could have potential im-
plications for the conservation and utilization of this plant species.

Keywords
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Introduction

Stemonaceae is a plant family with significant ethnomedicinal importance,
having a group of monocotyledonous plants having four genera and over 30
species primarily found in Southeast Asia, tropical Australia and the United
States (1, 2). The genus Pentastemona has later drawn out of the
Stemonaceae and assigned to a monotypic family, i.e., the PentaSte-
monaceae (3). For decades in South Asian countries, Stemona sp. were pop-
ularly used as a traditional medicine in the treatment of cough and various
respiratory disorders, like pulmonary tuberculosis and bronchitis (4-6).

Stemona tuberosa Lour. found in Tripura, North East India, has high
ethno-pharmaceutical significance due to its antiseptic, anti-inflammatory,
anti-cancerous, antitussive and insecticidal activity (7-11). Tripura extends
from 22°56'-24°34' N and 91°10'-92°20' E and lies within the Indo-Burma
biodiversity hotspot region of the world (12, 13). Many plant species found
in this region are either endemic to the state or to the north-eastern part of
India (14). The antecedent pharmacological investigations have revealed a
group of chemical compounds that represent the main bioactive constitu-
ents of these plants, i.e., alkaloids named Stemona alkaloids (15-18). Stemo-
na sp. are very popular among researchers for their bioactive components,
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like Stemona alkaloids (19). Unlike the phytochemical da-
ta, cytological information about this small monocotyle-
donous family, Stemonaceae is very scarce to date.

Only a few members in the family Stemonaceae
have been characterized using somatic chromosome num-
bers so far, but no such karyological information has yet
been documented. The somatic chromosome number of
some Stemona sp. (i.e., Stemona colinsae, S. japonica, S.
kerrii, S. sessilifolia, S. tuberosa, S. aphylla, S. curtisii, S.
involunta, S. mairei and S. phyllantha) was reported as 2n =
14 with basic chromosome number x=7 (20-22). For some
other members of Stemonaceae, such as in the case of
Croomia and Stichoneuron, the chromosome number has
also been reported. Many researchers found the mitotic
chromosome number of Stichoneuron caudatum and  S.
membranaceum to be 2n=18, with the basic chromosome
number x = 9 (20, 24). Whereas all three Croomia species
have chromosome numbers 2n = 24 with basic chromo-
some number x = 12 (20), except for C. japonica with a so-
matic chromosome number 2n =26 (23).

In this present study, a detailed karyomorphologi-
cal investigation has been done to decipher the intricate
chromosomal characteristics of this species, which may
add more valuable information to the previous data and of
course, play a significant role in better understanding of
this species and other members of this family both at the
sub-cellular and genetic level as well.

.
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Materials and Methods
Collection of plant materials

Plants (Fig. 1a) were collected from Ishan chandranagar
(23°45'35"N 91°15'26"E) and are grown in the Botany
Experimental Garden at Tripura University for future
experimentation.

Somatic chromosome study

The somatic chromosomal study was conducted utilizing a
modified aceto-orcein staining technique as described by
Sharma and Sharma (25). Since it was quite a difficult task
to avail root tips from this particular plant, young and
healthy shoot tips of 2 mm size were carefully selected and
pre-treated respectively with a solution containing 0.002M
of 8-hydroxyquinoline and Para dichloro benzene (PDB) in
a ratio of 1:1 for 6-8 h at 12-15 °C. Subsequently, the pre-
treated shoot tips were thoroughly rinsed with distilled
water (DH,0) and immersed in a mixture of acidulated al-
cohol (1:1 ratio of 1N HCL: alcohol) for 1 h. After swift rins-
ing of those shoot tips with distilled water, they were then
allowed to soak overnight in Carnoy’s solution (ethanol:
acetic acid; 3:1, v:v). Then, these shoot tips were exposed
to 1 N HCL for 15 min at room temperature and were
rinsed thoroughly 2-3 times with distilled water repetitive-
ly, then treated with 45% acetic acid for 10 min. Finally,
treated shoot tips were stained with aceto-orcein (2% w/
v):1 N HClin a ratio of 9:1 for 2h, following which they were

' h .
Fig. 1. (A) The vegetative body of Stemona tuberosa Lour. (B) A single flower of S. ti

cells showing two nucleoli (E) Meiotic metaphase plate of Stemona tuberosa (F) Anaphase plate showing normal meiotic behaviour.
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squashed and examined at 100 X oil immersion objective,
of Axio Carl Zeiss Lab A.1 microscope for finding few well
spread metaphase plates for our analysis.

Meiotic Chromosome Study

To investigate the meiotic chromosomes, flower buds that
were pre-fixed in Carnoy’s solution (ethanol: acetic acid;
3:1, v:v) overnight, following which the anthers collected
from the flower were stained with 2% aceto-carmine.

Nucleoli study of the somatic cells

The nucleolar staining procedure followed the method
(26). Initially, shoot-tips were placed in a fixative solution
consisting of a 1:1 mixture of 10% Formol and 1% Hydro-
quinone for 2h. Subsequently, they were thoroughly rinsed
in distilled water and then submerged in a 2% solution of
AgNO:s (Silver Nitrate) at 60°C in darkness overnight. The
shoot-tips treated with AgNOs; were then subjected once
again to the Formol-Hydroquinone (1:1) solution for 1h
before being ultimately flattened in 45 % acetic acid.

Data analysis

Five adequately dispersed chromosomal metaphase
plates were studied in detail to analyse the mitotic and
meiotic chromosomes. Karyo-morphological analysis was
carried out on the mitotic chromosome, where the numeri-
cal data of the karyotype were obtained by comparing 5
well-spread mitotic metaphase plates. In the case of the
length and p/q arm ratio exhibiting variability, the mean
value was computed to find the Centromeric Index (F%).
Karyological parameters used in this analysis were calcu-
lated with the help of the following formulae (Table 1).

Results

Table 1. Different karyological parameters used to analyze the chromosomal
characteristics

Karyological parameter Formula Refer-
ence

) ) LRA]

Covariance of Centromeric Index (CVc) m (25)
=)
0 _—_
Total Form factor (TF %) [Eﬂ- x 100 (26)
Inter-chromosomal asymmetry index (A2) Sct/ Xt (27)
" Bi
Intra-chromosomal asymmetry index (A;) 1 _Ei-l Bi (27)
n
5]
Degree of karyotype asymmetry (A) L+35 (28)
n
Coefficient of variation of chromosome length A, X 100 (25)
(CVe)
Mean Centromeric Asymmetry (Mca) Ax 100 (29)
. {1 - ME]
Karyotype asymmetry index (Ask %) T 100 (30)
The index of karyotype symmetry (Syi %) [(2n ;(2)(){)(2[1)] (31)
The index of chromosomal size resemblance 1- X(|ai- bi]) / (31)
(Rec) (2n)
The dispersion index (DI) 2(d2) /.[(n x (32)
> (Li)2]

In the present investigation, the somatic chromosome
number of Stemona tuberosa Lour. was recorded as 2n
= 14 (Fig. 1a) having 2 chromosomes bearing secondary
constriction. The Ag-NOR study shows a maximum of
2 nucleoli present in somatic cells (Fig. 1d).

Furthermore, a meiotic chromosome study also
reveals seven bivalents (Fig. 1e) in pollen mother cells.

Based on the size and centromeric position, chro-
mosomes are classified into 2 distinct morphological types
(33) (Fig. 2a and 2b).

Type A: Chromosomes are medium in size, ranging from
(4.96 ym to 3.52 uym), bearing 2 constrictions, the
primary, which is median in position (m) and the
secondary, which is sub-terminal (st) in position.

Type B: Medium to small-sized chromosomes range from
(3 um to 2.08 uym) with nearly median centromeric
(m) position.

The numerical data of the karyotype analysis (Table 2)

I
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Fig. 2. (A) Ideogram of somatic metaphase chromosomes showing chromo-
some types of S. tuberosa. (B) Karyogram of the corresponding mitotic meta-
phase plate of Stemona tuberosa Lour. Karyotype formula : Az(2m) Bi2(12m).

are summarized below to understand the chromosomal
characteristics of this species.

Somatic chromosome number 2n=14, Number of
chromosomes having secondary constriction -2; Ranges of
chromosome length - (2.08 um to 4.26 ym); Total chromo-
some length- 38.84 um; Ratio of largest and smallest chro-
mosome- 2.05; Mean arm ratio (L/S) -; Karyotype formula
A2(2m) Bi2(12m); Stebbins categorisation-1B; TF% -;
CVe - 26.61; Mca-11.52.
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Table 2. Numerical data of the karyotype of Stemona tuberosa Lour
Chromo- Long arm Shortarm Total Length E o Centromeric Arm ratio Relative Types of
some pair length (um) length (um) (um) ° position (L/S) length (%) chromosome
1 2.4+0.40 1.86+0.29 4.26 +£0.59 43.66 m 1.29 21.97 A
2 1.57+0.25 1.43+0.17 3.00+0.28 47.67 m 1.10 15.47 B
3 1.59+0.14 1.26+0.10 2.85+0.09 44.21 m 1.26 14.70 B
4 1.54+0.15 1.06 £0.09 2.60£0.07 40.77 m 1.45 13.41 B
5 1.25+0.09 1.09+0.11 2.34+0.07 46.58 m 1.15 12.07 B
6 1.19+0.13 1.07+£0.05 2.26+0.13 47.35 m 111 11.66 B
7 1.24+0.10 0.84+0.03 2.08 +0.09 40.38 m 1.48 10.73 B
Table 3. Detail karyotype parameters of S. tuberosa Lour
Kary°l°cg;:al Indi- ey, Vo Mca Ask% TF% Syi% Rec A A A DI Al
S, tuberosa 9.46 £ 26.61+ 11.52 + 55.77 + 4423 + 79.32+ 64.77 = 0.20 £ 0.27 £ 0.11+ 11.64 £ 249+
: 121 6.62 0.67 0.39 0.39 1.27 6.22 0.01 0.07 0.01 3.32 0.54
Discussion junction during meiosis is crucial for genome stability (38,

The observed somatic chromosome counts for Stemona
tuberosa Lour. is 2n = 14, with a basic chromosomal num-
ber of X =7, aligning with findings from other Stemona spe-
cies and corroborating previous research (20, 22, 34, 35). In
contrast, S. curtisii, another species within the genus, ex-
hibits a variable somatic chromosome count of 2n = 13-16
(21).

In Stemona tuberosa, all chromosomes were char-
acterized as nearly metacentric (m) with an arm ratio (L/S)
of less than 2:1. The ratio of the largest to the smallest
chromosome was determined to be 2.05, exceeding the 2:1
threshold, thus categorizing the karyotype within
Stebbins' 1B category. The inter- and intra-chromosomal
asymmetry, evaluated using Stebbins' quali-quantitative
method (36, 37), along with the absence of acrocentric or
telocentric chromosomes, indicates a high degree of chro-
mosomal homology. This homology contributes to the
symmetrical nature of the karyotype.

Despite limited reports on the somatic chromo-
some count of this species and other members of the
Stemonaceae family, detailed karyo-morphological data
on chromosomal architecture remains sparse. In our pre-
sent study, most chromosomes were found to be short in
size, with a single pair of medium-sized chromosomes ex-
hibiting secondary constriction (Fig. 2a). Additionally,
Ag-NOR studies revealed the presence of 2 nucleoli in sil-
ver-impregnated somatic cells, providing concrete evi-
dence of one pair of chromosomes containing satellite
DNA.

Meiotic chromosome studies conducted on pollen
mother cells revealed the presence of seven bivalents, as
depicted in Fig. 1e, indicating a haploid chromosome num-
ber, n = 7. This finding suggests that Stemona tuberosa
Lour. exhibits regular chromosome pairing and segrega-
tion during meiosis. The presence of 7 bivalents and their
orderly segregation during anaphase demonstrates nor-
mal meiotic behavior in this species.

The association of meiotic chromosomes provides
insights into chromosomal homology. Synchronous dis-

39). Several researchers have reported that improper
alignment and abnormal segregation of chromosomes
during gamete formation can lead to sterility or polyploidy
(40,41). Additionally, meiotic abnormalities can induce
morphological and genetic variations, influencing the evo-
lution and intraspecific reproductive barriers (38, 42).

Similar to Stichoneuron membranaceum (24), the
karyotype of Stemona tuberosa Lour. is nearly identical,
with a karyotype formula of A2 (2 m) B12 (12 m), indicating
its symmetrical nature. This symmetry suggests stable
karyomorphological characteristics without structural
alterations in the genome. Beyond the Stebbins asym-
metry index, additional intra-chromosomal and inter-
chromosomal asymmetry indices have been presented to
provide a more comprehensive characterization of the
chromosome makeup of this species (Table 3). Karyologi-
cal parameters such as CVCL, CVCI, MCA, Al, TF%, ASK%
and Syi% are essential for elucidating the evolutionary
position of a species (43) and provide a foundation for
comparative studies within the genus.

From the detailed karyotype data, CVCI, MCA and Al
were found to be 9.46 + 1.21, 11.52 + 0.67 and 0.20 + 0.0
respectively, indicating a low degree of variation at the
intra-chromosomal level. These findings are supported by
other asymmetry indices like TF%, ASK % and Syi%, which
showed higher values of 44.23 + 0.39, 55.77 + 0.39 and
79.32 £ 1.27 respectively. However, some degree of inter-
chromosomal asymmetry was observed with elevated val-
ues of CVCL and Rec, at 26.61 + 6.62 and 64.77 * 6.22 re-
spectively. This study represents the first comprehensive
illustration of the karyomorphology of Stemona tuberosa,
employing various symmetry and asymmetry parameters,
which may serve as a baseline for understanding the chro-
mosomal architecture and karyotype formulas of related
genera.

Conclusion

The genus, Stemona has very limited karyological infor-
mation. Given its threatened status, a comprehensive and
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well-formulated set of data is of significant value. The cur-
rent study determines to provide an accurate and precise
delineation of the karyomorphological data of this species.
In this present study, Stemona tuberosa Lour. has been
found to have somatic chromosome number 2n=14, hav-
ing the karyological formula A;B1,. This is the first report on
the detailed karyomorphological characteristics of Stemo-
na tuberosa Lour. Although it is not a conclusive explana-
tion, this observation could suggest that the plant has not
undergone significant evolutionary changes and may be at
risk of extinction. These findings contribute to our under-
standing of the genetic makeup and cytological features of
this species, which can have implications for its taxonomy,
evolutionary relationships and breeding programs, among
other areas of research.
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