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Abstract 
 Acalypha indica L. was cytogenetically characterized after staining with 
orcein, CMA and DAPI. In this species "Simple Chromocenter Type" of 
interphase nuclei was observed with a few small heterochromatin blocks 
following orcein staining. Prophase chromosomes showed “Interstitial Type” of 
staining pattern with orcein which indicated the tendency of aggregation of 
heterochromatin in interstitial regions of chromosome. This plant was found to 
possess 2n = 20 metacentric chromosomes. The total length of 2n chromosome 
complement was 55.33 µm. Individual chromosome length ranged from 1.84 to 
3.50 μm. The relative length of each chromosome ranged from 0.03 to 0.06. After 
staining with CMA, three bright bands were observed at different locations of 
chromosomes. A total of four DAPI-positive bands were also found of which two 
bands were centromeric and other two were entirely fluoresced with DAPI. The 
results of the cytological investigation may be useful for future characterization 
of this plant species. 

 

Introduction 
 The genus Acalypha belongs to Euphorbiaceae consisting of about 450 species(1). 
Acalypha is widespread geographically, with its greatest diversity in the tropics and 
subtropics, and only a few annual species in temperate regions(1-3). Among these only 
three species viz. A. ciliata Forssk., A. hispida Burm. f. and A. indica L. were reported from 
Bangladesh of which A. indica L. was found throughout Bangladesh whereas the other 
two species showed restricted occurrence(4). 
 Acalypha indica L. commonly known as Muktajhury, is an annual herb used as 
expectorent, diuretic, emetic and laxative. Fresh leaf juice of this plant is useful in 
arthritis and scabies. Dry leaf powder of this plant is used in bed sores(1, 4-5). 
 Although Acalypha indica has considerable medicinal values, no report about the 
genetic information is available in Bangladesh(4). A few studies from different parts of the 
world tried to characterize this species with classical karyotype analysis but their work 
was confined mainly to 2n chromosome count(6-8). Except 2n chromosome number limited 
cytogenetical information is available for this species. 
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 For authentic identification of a specimen, genomic information is essential. 
Karyotype analysis is one of the conventional methods that gives a preliminary idea 
about the genome of a specimen. The conventional karyotype analysis alone is unable to 
express critically the differences among closely related species since these species usually 
possess similar 2n chromosomes numbers and even other karyotype features(9-10). 
Moreover, the consideration of chromosome length, arm ratio, position and number of 
secondary constrictions are not always sufficient to differentiate individual chromosome. 
Minute deletion, inversion, tandem duplication, etc. could not be possible to detect by 
conventional karyotype analysis.  
 In such a case, different cytogenetical approaches should be undertaken. Staining 
with DNA-base specific banding with fluorochromes such as chromomycin A3 (CMA) 
and 4´-6 diamidino-2-phenylindole (DAPI) is one of such approaches for karyotype study 
of related species. Fluorescent banding is quite satisfactory for detailed and critical 
chromosome analysis such as identification of individual chromosome, determination of 
amount and location of AT- and GC-rich base pairs in chromosomes, etc.(11-13). Fluorescent 
karyotype analyses were able to solve taxonomic problems of different plant species(14-17). 
Therefore, in the present study, a combination of classical and fluorescent cytogenetical 
analyses has been carried out to characterize Acalypha indica found in Bangladesh.  
 
Materials and methods 
 Acalypha indica L. was collected from Agargaon, Dhaka. Healthy roots of A. indica 
were collected and pretreated with 8-hydroxyquinoline (0.002%) for 1 hr at 18ºC followed 
by 15 min fixation in 45% acetic acid at 4ºC and preserved in 70% alcohol at 4ºC for future 
use. These were then hydrolyzed in a mixture of 1N HCl and 45% acetic acid (2 : 1) at 
60ºC for 2 min. The root tips were stained and squashed in 1% aceto-orcein for 3.30 hrs. 
These were observed under compound microscope (Nikon Eclipse 100).  For CMA- and 
DAPI banding, Alam and Kondo´s(12)  method was used with slight modification. After 
hydrolysing and dissecting, the materials were squashed with 45% acetic acid. The cover 
glasses were removed quickly on dry ice and allowed to air dry for at least 24 hrs before 
study. The air-dried slides were first pre-incubated in McIlvaine’s buffer (pH 7.0) for 30 
min followed by distamycin A (0.1 mg/ml) treatment for 10 min. The slides were rinsed 
mildly in McIlvaine’s buffer supplemented with MgSO4 (5 mM) for 15 min. One drop of 
CMA (0.1 mg/ml) was added to the materials for 1 hr in a humid chamber and then 
rinsed with McIlvaine’s buffer with MgSO4  for 10 min. Slides were mounted in 50% 
glycerol and kept at 4ºC for overnight before observation. These were observed under 
Nikon (Eclipse 50i) fluorescent microscope with blue violet (BV) filter cassette. For DAPI-
staining, after 24 hrs of air drying, the slides were first pre-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 1 hr and 
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mounted with 50% glycerol. These were observed under a Nikon (Eclipse 50i) fluorescent 
microscope with UV filter cassette. 
 
Results and Discussion 
 Orcein staining: A few small deeply stained heterochromatic blocks were observed in 
the interphase nuclei of Acalypha indica (Fig. 1). The prophase chromosomes were found 
to be stained at the interstitial regions of chromosomes (Fig. 2). According to Tanaka(18 ), 
this type of interphase nuclei is known as simple chromocenter type and prophase 
chromosomes are called interstitial type.  
 Acalypha indica was found to possess 2n = 20 chromosomes in this investigation (Figs 
3 and 10, Tables 1 - 2). Similar chromosome number for this species was reported earlier 
by Fedorov(6). Besides, 2n = 14 was also reported for this species which indicated the 
existence of different cytotype for this species(6). 
 This species was found to possess all metacentric chromosomes with a centromeric 
formula of 20 m (Fig. 10, Tables 1 - 2). The total length of 2n chromosome complement 
was 55.33 μm. Individual chromosome length ranged from 1.84 to 3.50 μm.  The relative 
length of each chromosome ranged from 0.03 to 0.06 (Table 2). In this species, the range 
of chromosomal length was almost negligible i.e. difference between the smallest and 
largest chromosomes was about 1.66 μm. As a result, no gradual decrease of 
chromosomal length was observed in its karyotype (Table 1). These features indicated 
that A. indica has a strict symmetric karyotype. Stebbins(19)  mentioned that the symmetric 
karyotypes indicate primitive character and from that point of view A. indica is a plant of 
primitive nature.  
 CMA banding: A few small CMA positive bands were observed in interphase nuclei 
and prophase chromosomes after CMA staining in A. indica (Figs 4 - 5, 11). In A. indica, 
the total GC-rich region was 4.95 μm which occupied about 8.95% of total chromatin 
length (Table 2). Three CMA-positive bands were observed in two different pairs of 
chromosomes (Figs 6, 11, Table 2). Heteromorphicity in respect of banding pattern was 
observed in chromosome pair I where a member showed CMA-positive band on its short 
arm and its homologue had CMA-positive bright band on the long arm (Fig. 11). This 
might be due to the occurence of its inversion in respective chromosomes. 
Heteromorphicity in respect of banding pattern was also observed in chromosome pair V 
after CMA staining. Here, a member had bright CMA-band at short arm whereas its 
homologoue did not show any band (Fig. 11). This heteromorphicity may be occured due 
to the deletion of GC-rich bases from the respective chromosome.  
 DAPI banding: After DAPI staining in A. indica, a few DAPI positive bands were 
observed in interphase nuclei and prophase chromosomes (Figs 7 - 8, 12). The total length 
of DAPI-banded region was 11.27 μm which occupied about 20.37% of total chromatin 
length  (Table 2).  Four  DAPI-positive  bands  were    observed  at  different  locations  of  
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Figs 1-12. Orcein-, CMA- and DAPI- stained mitotic interphase nuclei, prophase chromosomes, metaphase 

chromosomes and karyotypes of Acalypha Indica L. 1. Orcein-stained mitotic interphase nuclei, 2. Orcein-
stained mitotic prophase chromosomes, 3. Orcein-stained mitotic metaphase chromosomes, 4. CMA-
stained mitotic interphase nuclei, 5. CMA-stained mitotic prophase chromosomes, 6. CMA-stained mitotic 
metaphase chromosomes, 7. DAPI-stained mitotic interphase nuclei, 8. DAPI-stained mitotic metaphase 
chromosomes, 9. DAPI-stained mitotic metaphase chromosomes, 10. Orcein-karyotype prepared from 
mitotic metaphase chromosomes, 11. CMA-karyotype prepared from mitotic metaphase chromosomes, 12. 
DAPI-karyotype prepared from mitotic metaphase chromosomes. Bar = 5 µm. 
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Table 1. Length (µm), arm ratio, centromeric index, relative length and centromeric type of 
metaphase chromosomes of Acalypha indica L. 

 
Chromo-
some 
pair 

Long 
arm  

(l) µm 

Short 
arm (s) 

µm 

Total 
length (T) 

µm 

Arm 
ratio 
(l/s) 

Relative 
length 
(RL) 

Centromeric 
index             
(CI) 

Centromeric 
type (CT) 

I 1.75 1.75 3.50 1.00 0.06 50.00 m 

 1.61 1.56 3.17 1.03 0.06 49.21 m 
II 1.56 1.56 3.12 1.00 0.06 50.00 m 
 1.56 1.56 3.12 1.00 0.06 50.00 m 
III 1.52 1.52 3.04 1.00 0.05 50.00 m 
 1.52 1.52 3.04 1.00 0.05 50.00 m 
IV 1.50 1.50 3.00 1.00 0.05 50.00 m 
 1.50 1.50 3.00 1.00 0.05 50.00 m 
V 1.50 1.50 3.00 1.00 0.05 50.00 m 
 1.50 1.50 3.00 1.00 0.05 50.00 m 
VI 1.33 1.33 2.66 1.00 0.05 50.00 m 

 1.33 1.29 2.62 1.03 0.05 49.24 m 
VII 1.33 1.29 2.62 1.03 0.05 49.24 m 
 1.33 1.29 2.62 1.03 0.05 49.24 m 
VIII 1.33 1.29 2.62 1.03 0.05 49.24 m 
 1.29 1.27 2.56 1.02 0.05 49.61 m 
IX 1.17 1.17 2.34 1.00 0.04 50.00 m 
 1.17 1.17 2.34 1.00 0.04 50.00 m 
X 1.06 1.06 2.12 1.00 0.04 50.00 m 
 0.92 0.94 1.84 1.00 0.03 50.00 m 

    Grand total = 55.33 µm     
 

m = Metacentric chromosome. 
 
Table 2. Cytogenetical analyses of Acalypha indica after Orcein, CMA, DAPI staining. 
 

2n Total 

chroma-
tin 

length 

(μm) 

Range of 

individual 

chromosomal 

length  

(μm) 

Range of 

relative  

length  

(RL) 

 

Centro-
meric 

formula 

No. of 

CMA- 

bands 

CMA- 

banded  

region    

(μm) 

% of 

GC-
rich 

repeats 

No. of 

DAPI- 

bands 

DAPI- 

banded  

region    

(μm) 

% of 

AT-rich 

repeats 

20 55.33 1.84-3.50 0.03-0.06 20 m 3 4.95 8.95 4 11.27 20.37 
 

m = Metacentric chromosome. 
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metaphase chromosomes (Figs 9, 12). Each member of the pair I showed centromeric 
DAPI bands (Fig. 12). Entirely DAPI-fluoresced bands were observed in both the 
homologue members of chromosome pair VII (Fig. 12). These DAPI-fluoresced large 
areas indicated possible tandem duplication of AT-rich region.  
 The above cytogenetical information obtained by conventional and fluorescent 
staining of chromosomes is probably the first report for Acalypha indica L. which may 
help in authentic characterization of this plant species in Bangladesh. 
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