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Summary

Introduction: Gynura procumbens is an important medicinal plant that contains different types of chemical 
constituents that show tremendous curative effects. 
Objective: The aim of this research work was comparative karyomorphological analysis between in vitro 
and in vivo grown selected medicinal plant species.  
Methods: The roots were collected properly from naturally grown plants and in vitro propagated plants and 
pretreated with 1,4-para-dichlorobenzene (PDB) for 2.00 – 3.00 hours at room temperature. After pretreat-
ing with PDB the roots were washed thoroughly and kept in 1:3 (v/v) aceto-alcohol for 24 hours and then, 
transferred to 70% alcohol (v/v) for preservation. After that completing staining process, prepared slides 
were observed under microscope for karyotype analysis & ideogram preparation. 
Results: This research work reveled that both mother plant and tissue culture raised plants had 2n=20 chromo-
somes in somatic cell. No telocentric or acrocentric chromosome observed in the basic set of chromosomes. 
Both plants had 3 submetacentric and 7 metacentric chromosomes in the basic set of chromosomes. The cen-
tromeric formula for both plants was 3sm + 7m. The length of individual chromosome of in vivo plants ranged 
from 6.20 to 11.24 µm, whereas chromosome length of in vitro grown plants ranged from 6.08 to 11.22 µm. The 
total form percent (TF%) of naturally grown plants and micro-propagated plants were same (43.93%). Mother 
plant had 2A type of karyotype, the formula being 2Lsm + 4Msm + 4Mm + 10Sm.  In vitro grown plant had also 2A 
type of karyotype which could be expressed by the formula, 2Lsm + 4Msm + 2Mm + 12Sm.  
Conclusion: The results of cytological studies point out that chromosome numbers of naturally grown 
plants and micro-propagated plants were same. There were very little karyotypic variations observed in case 
of both micropropagated and mother plants.
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MATERIALS AND METHOD

Collection of root tips (RTs)

The root tips of mother plants and micropropa-
gated plants were collected carefully form the tissue 
culture lab, University of Chittagong, Bangladesh, 
when lengths of roots become 1-1.5 cm in size at the 
early morning (9.30 to 10.30 a.m).

Pre-treatment

The collected root tips were pretreated separately 
with 1,4-para-dichlorobenzene (PDB), colchicine 
and hydroxyquinoline for 2.00 – 3.00 h at room tem-
perature.

Preservation of roots

After pre-treating with 1,4-para-dichlorobenzene 
(PDB) the roots were thoroughly washed with dis-
tilled water and kept in 1:3 (v/v) aceto-alcohol for 
24 hours. And then the roots were transferred in 
70% alcohol (v/v) for preservation. 

Staining of chromosomes

The preserved roots were thoroughly washed with 
distilled water and then hydrolized in 50% HCl for 
6-8 minutes at room temperature. The hydrolized 
roots were washed 4-5 times with distilled water. 
After that the roots were kept in 2% (w/v) aqueous 
solution of iron alum for 8-10 minutes and further 
washed with distilled water for complete elimination 
of mordanting fluid. The roots were then stained in 
aqueous solution of haematoxylin for 30 min. The 
adhering stain was removed from the tissue by 
gentle washing with distilled water and the darkly 
stained portion of root tip was squashed in a drop of 
0.2% (w/v) acetocarmine. After setting a cover glass 
on the squashed material the slide was warmed gen-
tly over a flame of spirit lamp. Finally, the slides were 
observed under microscope.

Characterization of chromosomes

Chromosomes were classified based on Centromer-
ic Type (CT), Relative Length (RL), Centromeric In-
dex (CI) and Karyotypic similarity (TF%).

INTRODUCTION 

Gynura procumbens (family Asteraceae) is a fast grow-
ing evergreen herb. It is considered as an important 
medicinal plant in South East Asia. G. procumbens is 
commonly known as “sambung nyawa’ which means 
‘Continuation of Life’. This plant is also having dif-
ferent types of names in different parts of the world. 
This green plant is also known as longevity spinach 
because of lots of health benefits buried in this plant 
[1]. It is not a too large plant that can grow up to ap-
proximately ~1–3 m, with a fleshy stem and purple 
tint. The leaves shapes of G. procumbens are ovate-
elliptic or lanceolate and green color [2].  

The leaves of G. procumbens contain important 
active chemical constituents such as flavonoids, sa-
ponins, tannins, terpenoids, and sterol glycosides. It 
contains several chemical constituents such as kaemp-
ferol, quercetin, terpenoid, tannin, and alkaloid [3].

Flavonoids are the main  phenolic com-
pounds of G. procumbens. The leaves of G. procum-
bens contain five type of flavonoids such as rutin, 
myricetin, quercetin, apigenin and kaempferol [4]. 
The flavonoid compounds of  G. procumbens have 
different types of health benefits including antioxi-
dant, anticancer, anti-inflammatory, hepatoprotec-
tive and antibacterial activities [5].

 The leaves of G. procumbens could be used as an ap-
petizer to boost the desire to eat [3]. Because of having 
little toxic effects, G. procumbens’s leaves can be con-
sumed safely [6]. Usually, it is used for the treatment 
of such as to treat kidney discomfort, rheumatism, 
diabetes mellitus, constipation, and hypertension in 
many different countries of the world. Recently, re-
ported that G. procumbens has anti-hyperglycemic, 
anti-inflammatory, and analgesic properties [7]. 

Chromosome analysis is a process that is impor-
tant for the number and structure of chromosomes 
in order to detect abnormalities. Karyotypes in-
formed details about the number of chromosomes, 
and what they look like under a light microscope 
[8]. Although karyotype does not look at genes but 
chromosomes, it provides useful information for an 
effective plant improvement program. Such infor-
mation can be used in the characterization of plant 
agronomic performance, determination of origin 
and evolution pathway of new species,  

The overall outcome of cytological studies may 
be useful in somaclonal variation and also phylo-
genetic analysis. Therefore, there are no published 
reports of chromosome studies in this plant species 
in Bangladesh. Comparative cytological studies of 
naturally grown plants and in vitro raised plants of 
G. procumbens describe in details.

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=phenolic+compounds
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=phenolic+compounds
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•	 Centromeric Type (CT) 
Procedure proposed by levan [9] for determining 
centromeric type of chromosomes was followed. 
Here l/s ratio was used as an index of centromeric 
type. 
Here, l = length of the longer arm and s = length 
of the shorter arm.

•	 Relative Length (RL)

Procedure proposed by Levan [9] for determining centromeric type of chromosomes was 

followed. Here l/s ratio was used as an index of centromeric type.  

Here, l = Length of the longer arm and s = Length of the shorter arm. 

Relative Length (RL) 

Relative Length (RL) = ������ �� � ���������� ����������
����� ������ �� ��� ������� ����������

 × 100 

Centromeric index (CI) 

Centromeric Index (CI) = ����� ������ �� ��� ����� ��� 
����� ������ �� ��� ����������

 × 100 

Karyotypic symmetry:  

The symmetry/asymmetry of karyotype was determined by- 

TF% was calculated by following formula given by Huziwara [10]. 

TF% = ����� ������ �� ��� ����� ����
����� ������ �� �����������

 × 100 

Stebbins qualitative classification for the determination of asymmetry: The formula of 

Stebbins [11] qualitative classification is given below.  

Ideogram 

To get an accurate measurement of lengths at least three metaphase plates were measured. 

Their average arm length was used to prepare the ideogram. The chromosomes were arranged 

from bigger to smaller in length. Ideogram was prepared by using Karyotype XY and Image J 

software. 

Magnification 

Photographs were taken by using 10 mega pixels Optica vision pro camera fitted on an Optica 

vision pro microscope installed in the Plant Biotechnology Laboratory, Department of 

Botany, University of Chittagong at a magnification of 1000 × (10 × eyepiece and 100 × 

objective). Final magnification was calculated from the printed photographs.  

 

RESULTS AND DISCUSSION 

Karyotype of in vivo grown G. procumbens 

The somatic chromosome number of mother plants was 20 and the chromosome length varied 

from 6.20 to 11.24 µm (Table-1). There were three submetacentric and seven metacentric 

chromosomes (Fig. 1a) observed in the genome. Centromeric formula was 3sm + 7m. Among 

the three submetacentic chromosomes, one was long and remaining two were medium. 

Among the seven metacentric chromosomes, two were medium and five were small (Fig. 1b-

c). None of the chromosomes had secondary constriction. Therefore the karyotypic formula 
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RESULTS AND DISCUSSION 

Karyotype of in vivo grown G. procumbens 
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b) Stebbins qualitative classification for the deter-
mination of asymmetry: The formula of Stebbins 
[11] qualitative classification is given below. 

Ratio of longest/
shortest chromosome

(l/s ratio)

Proportion of chromosomes with 
arm ratio less than  (< 2 : 1)

0 0.01-0.50 0.51-0.99 1.00
<2:1 1A 2A 3A 4A

2:1 –  4:1 1B 2B 3B 4B
>4:1 1C 2C 3C 4C

Ideogram

To get an accurate measurement of lengths at least 
three metaphase plates were measured. Their aver-
age arm length was used to prepare the ideogram. 
The chromosomes were arranged from bigger to 
smaller in length. Ideogram was prepared by using 
Karyotype XY and Image J software.

Magnification

Photographs were taken by using 10 mega pixels 
Optica vision pro camera fitted on an Optica vision 
pro microscope installed in the Plant Biotechnology 
Laboratory, Department of Botany, University of 
Chittagong at a magnification of 1000 × (10 × eye-
piece and 100 × objective). Final magnification was 
calculated from the printed photographs. 

Ethical approval: The conducted research is not re-
lated to either human or animal use.

RESULTS AND DISCUSSION

Karyotype of in vivo grown plants of G. pro-
cumbens

The somatic chromosome number of mother plants 
was 20 and the chromosome length varied from 
6.20 to 11.24 µm (Table 1). There were three sub-
metacentric and seven metacentric chromosomes 

Table 1. 
Length, arm ratio, relative length (RL), centromeric index (CI), centromeric type (CT), chromosome type, TF% and 

centromeric formula of mitotic metaphase chromosome of in vivo grown plants of G. procumbens

Chromosome 
pair

Long arm
(l) [µm]

Short arm
(s) [µm]

Total length
(T) [µm]

Arm ratio
[l/s]

RL
[%]

CI
[%] CT Chromosome 

type TF% Centromeric
formula

1 7.42 3.82 11.24 1.94 14.51 33.99 sm L

43.93 3 sm+7 m

2 5.88 2.78 8.66 2.12 11.18 32.08 sm M
3 5.52 2.82 8.34 1.96 10.76 33.82 sm M
4 4.15 4.15 8.30 1.00 10.71 50.00 m M
5 4.12 4.12 8.24 1.00 10.64 50.00 m M
6 3.52 3.52 7.04 1.00 9.09 50.00 m S
7 3.44 3.44 6.88 1.00 8.88 50.00 m S
8 3.17 3.17 6.34 1.00 8.18 50.00 m S
9 3.12 3.12 6.24 1.00 8.05 50.00 m S

10 3.10 3.10 6.20 1.00 8.00 50.00 m S
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(Fig. 1a) observed in the genome. Centromeric 
formula was 3sm + 7m. Among the three submeta-
centic chromosomes, one was long and remaining 
two were medium. Among the seven metacentric 
chromosomes, two were medium and five were 

small (Fig. 1b-c). None of the chromosomes had 
secondary constriction. Therefore the karyotypic 
formula was 1Lsm + 2Msm + 2Mm + 5Sm. The total 
length of the haploid complement set was 77.48 µm 
and TF% was 43.93. The total length of the long 

Figure 1. 
a) microscopic photograph of somatic metaphase chromosomes of mother plant of G. procumbens, b-c) ideogram of 

mother plant, scale bar=10 µm, b) diploid complement, 2 n=20, c) haploid complement, n=10
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arms of the chromosomes 43.44 µm and that of the 
short arms was 34.04 µm. The ratio between the 
longest and the smallest chromosome length was 
less than 2:1 and the frequency of chromosomes 
with arm ratio more than 2:1 was 0.1 indicating 2A 
type of symmetrical karyotype. Few scientists ob-
served same types of result in case of other plants 
such as (Liriope spicata)[12]; Bhadra and Bandyo-
padhyay [13] reported same result in some species 
of Zingiberaceae family.

Karyotype of micropropagated plants of  
G. procumbens

There were 20 chromosomes in each somatic cell 
of the micropropagated plants and the range of 
individual chromosome length was varied from 
6.08 to 11.22 µm (Table 2, Fig. 2a). Among the 
10 basic chromosomes, three were submetacentric 
and seven were metacentric chromosomes. The 
centromeric formula was 3sm + 7m (Fig. 2b-c). 
However, Eksomtramage et al. [14] noted karyo-
typic formula n=10= 8m+2sm for this plant. One 
of the three sumbetacentric chromosomes was 
long and two were medium. On the other hand, 
one of the metacentric chromosomes was me-
dium and six were small. For this chromosome 
characteristic the appropriate karyotypic formula 
1Lsm + 2Msm + 1Mm + 6Sm. The total length of the 
haploid complement set was 76.52 and TF% was 
43.93.  The total length of the long arms and that 
of the short arms were 42.91 µm and 33.61 µm, 
respectively. The ratio between the longest and the 

shortest chromosome was less than 2:1 and the 
frequency of the chromosomes having arm ratio 
more than 2:1 was 0.1 indicating  2A type of  sym-
metrical karyotype. 

Comparative karyotype analysis of naturally 
grown plants and in vitro grown plants of  
G. procumbens

Through chromosomal studies it was found that 
the chromosome number of somatic cell was 
2n = 20 (Table 3). In terms of total length of hap-
loid complement, naturally grown plants was 
77.48 µm and in vitro raised plants was 76.52 µm. 
The length of individual chromosome of in vivo 
plants ranged from 6.20 to 11.24 µm long with 
a gradual decrease in length from the longest to 
the shortest chromosome, whereas chromosome 
length of micropropagated plants ranged from 
6.08 to 11.22 µm long with a gradual decrease in 
length from the longest to the shortest chromo-
some. The total lengths of long arms in haploid 
complements of mother plants and in vitro grown 
plants were 43.44 µm and 42.91 µm, respectively. 
On the other hand, the total lengths of short arms 
chromosome of both plants were 34.04 µm and 
33.61µm, respectively. 

The centromeric index of mother plants and in 
vitro raised plants was 33.99 to 50.00 and 34.06 to 
50.00, respectively. The total form percent (TF%) 
of both naturally grown plants and in vitro raised 
plant was 43.93. There were three submetacentric 
and seven metacentric chromosomes observed in 

Table 2. 
Length, arm ratio, relative length (RL), centromeric index (CI), centromeric type (CT), chromosome type, TF% and 

centromeric formula of mitotic metaphase chromosome of in vitro grown plants of G. procumbens

Chromosome 
pair

Long arm
(l) [µm]

Short arm
(s) [µm]

Total length
(T) [µm]

Arm
ratio [l/s]

RL
[%]

CI
[%] CT Chromosome 

type TF% Centromeric
formula

1 7.40 3.82 11.22 1.94 14.66 34.06 sm L

43.93 3 sm+7 m

2 5.84 2.82 8.66 2.07 11.32 32.57 sm M

3 4.20 4.20 8.40 1.00 10.98 50.00 m M

4 5.52 2.82 8.34 1.96 10.9 33.82 sm M

5 3.59 3.59 7.18 1.00 9.38 50.00 m S

6 3.52 3.52 7.04 1.00 9.20 50.00 m S

7 3.42 3.42 6.84 1.00 8.94 50.00 m S

8 3.22 3.22 6.44 1.00 8.42 50.00 m S

9 3.16 3.16 6.32 1.00 8.26 50.00 m S

10 3.04 3.04 6.08 1.00 7.95 50.00 m S
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Figure 2. 
a) microscopic photograph of somatic metaphase chromosomes of in vitro grown plant of G. procumbens, b-c) ideo-

gram of in vitro grown plant, scale bar=10 µm, b) diploid complement, 2 n=20, c) haploid complement, n=10.

the basic set of both plants (Table 3). The karyotypic 
formula for naturally grown plants was 2n = 20 = 
2Lsm + 4Msm + 4Mm + 10Sm, while the karyotypic for-
mula of in vitro grown plants was 2n = 20 = 2Lsm + 
4Msm + 2Mm + 12Sm (Fig. 1 and Fig. 2). No satellite 

was found in chromosomes of the both plants. 
The results also showed that the ratio between the 
longest and the shortest chromosomes of natu-
rally grown plants and micropropagated plants 
were 1.81:1 and 1.85:1, respectively. The frequency 
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of the chromosome with arm more than 2:1 was 
0.1 for both naturally grown plants and micropro-
pagated raised plants. Therefore, the karyotype of 
both plants falls in 2A symmetrical type.

CONCLUSION

The results of cytological studies indicate that both, 
naturally grown and in vitro grown plants of Gy-
nura procumbens had same chromosome number. 
But there were very minute karyotypic variations 
were observed between mother plants and micro-
propagated plants. Present investigation in cyto-
logical analysis will be helpful to understand the 
number, variations, and arrangement of chromo-
somes which are useful for future research in cyto- 
genetic.

Conflict of interest: Authors declare no conflict of 
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