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Abstract 
 

To enhance theoretical basis of Aloe feeding and provide cytological basement, the karyotype and morphology of 
mitotic chromosomes, ten different populations of Aloe vera collected from various geographical locations of Karachi, 
Pakistan were studied by aceto-orcein staining technique. The results showed that chromosome number of Aloe vera is 
2n=14. The karyotype is bimodal and consists of 14 chromosomes (8 large and 6 small) predominantly with submedian, 
median and subterminal centromere. Average chromosome lengths among populations ranged from 7.95-2.36 µm. 
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Introduction 
 

Plant chromosomes have traditionally been a fruitful 
material for almost every kind of cytogenetic research. 
Chromosomes represent the main focus of cytogenetics. 
One of the main challenges of modern-day cytogenetics is 
to unravel the relation between the genomic content and 
architecture of chromosomes and their genetic function. 
Plant species have provided an important contribution to 
the knowledge of chromosome evolution, and those with 
large chromosomes have often been used in the study of 
chromosome behavior. The rapid development of 
molecular tools in the last few years has greatly furthered 
advances in elucidating the organization, behavior and 
evolution of chromosomes.  

Aloe, a genus belonging to Asphodelaceae family, is 
distributed throughout the world and has rich medicinal 
ingredients. It is a perennial, evergreen, monocot 
crassulacean acid metabolism (CAM) plant, characterized 
with succulent leaf, inflorescences in bunches and liliform 
flowers (Ali, 2005). It grows to about three feet in height. 
The leaves are stiff, mottled, and lance-shaped with glabrous 
surfaces, sharp apices and spiny edges.  Leaves send out 
sticky exudates when they are broken or injured. Plant takes 
four to five years to mature and can live up to 25 years 
(Anon., 2002). Aloe vera L. Burm. f. desert lily, nature’s gift  
is used as a popular folk medicine with many cultivars 
growing naturally or in cultivation in different parts of the 
world. It is the most essential plant in the treatment of 
various ailments in the history of mankind. Since many 
years, it has been utilized for curing and can be consumed as 
a dietary supplement. It plays an important role in many 
aspects (Grindlay & Reynolds, 1986), such as bacteriostasis 
reducing blood lipid, resistance to life ageing and tumor 
forming. More specifically, it can provide curative effects to 
some extent in constipation, tuberculosis, skin diseases, heart 
diseases,diabetes and so on (Reynolds & Dweck, 1999; 
Kambizi & Afolayan, 2008). Cytological character, 
including chromosome number and karyotype analysis have 
been consider as reliable guide in study of taxonomic and 
evolutionary relationship by many authors (Davis & 
Heywood, 1963; Moore, 1968; Stace, 1980 and Elkington, 
1984) showing that chromosome studies, especially when 
combined with hybridization and genetic analysis, have been 
provided essential clues in tracing the origin and the 
evolutionary history of plant species. The number, size and 

shape of chromosome can be used to characterize the 
karyotype of plants.  

Many studies showed that the chromosome number for 
somatic cell of most Aloe is 2n = 14 and the haploid set 
genome consists of three short chromosomes and four long 
ones (Brandham & Doherty, 1998；Ji et al., 2002; Alam & 
Khanam, 2005). Although, most Aloe has same 
chromosome number, different species display differences 
in karyotype. The karyotype of Aloe consists of near-to-
terminal and near to- middle centromere chromosomes (Ji 
et al., 2002; Zheng et al., 2005). 

Two other genera of this tribe viz., Gasteria and 
Haworthia possess similar karyotype like Aloe (Sapre, 
1977; Darlington & Kefallinou, 1957; Vosa & Bayer, 
1986). It seems that the structural chromosomal aberrations 
in this tribe did not affect the morphology of the karyotype. 
The objectives of the present study are to standardize 
cytological analysis of mitotic chromosomes, construct 
karyotype of the species and to reveal the type and 
frequencies of mitotic irregularities if present. 
 

Materials and Method 
 

Aloe vera collected from different localities of Karachi 
(Table 1). Root tips harvested at different times were 
pretreated in three was kinds of chemicals (ice water, 
colchicine, and 8-Hydroxyquinoline) to achieve the suitable 
time for best mitotic index and pretreatment reagent 
respectively and then fixed in freshly prepared acetic-alcohol 
(1:3) mixture for 24 h. The highest frequency of dividing 
cells was observed at 2.00p.m. Cold water treatment at 4

o
C 

for 27hrs was the most suitable pretreatment. Softening of 
the tissue was carried out by hydrolyzing the root tips in 1N 
HCl in water bath at 60

o
C for 12 minutes. The meristematic 

region of the root tips was squashed in a drop of 2% aceto 
orcein. Chromosome measurements including length of long 
arm, length of short arm, total chromosomal length, relative 
length, arm ratio and centromeric index were made from 10 
enlarged well-spread metaphase cells for each population. 
Best observations, from an average of 50 cells, were 
observed using 100× oil immersion objective of a 
microscope and photographs were taken by Sony-DSC-
W180 digital camera (resolution 4x) and then loaded in 
Microsoft office picture manager. Karyograms were 
arranged in order of decreasing length of homolog 
chromosome pairs (Vahidy & Jahan, 1998). 
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Table 1. Population of Aloe vera collected from different 

locations of Karachi, Pakistan. 

Population Location 

R1 Population collected from Malir (public park) 

R2 Population collected from Nazimabad (public park) 

R3 Population collected from North Karachi 

R4 Population collected from Landhi 

R5 Population collected from Korangi 

R6 Population collected from Gulistan-e-Jouhar 

R7 Population collected from Mazar-e-Quaid 

R8 Population collected from Safari Park 

R9 Population collected from Botanical Garden of 

Karachi University  

R10 Population collected from Department of Botany, Federal 

Urdu University of Arts, Sci. & Technology, Karachi 

 

Results and Discussion 
 

Mitotic metaphase cells of Aloe vera with 

dispersed chromosomes and the clear centromere (Fig. 

1) and karyograms based on 10 different populations of 

Aloe vera have 2n=14 chromosomes, in which 8 

chromosome are large and 6 are small (Figs. 2, 3 & 

4).The characteristics like total length, relative length, 

short and long arm ratio of chromosome of each 

population are shown in Table 2. Results showed that 

the average chromosome lengths among populations 

ranged from 7.95-2.36 µm (Table 2). Whereas Gunjan 

& Roy, 2010 observed the total chromosomal length 

10.42µm in the same species. Arm ratios of 

chromosomes ranged from 4.79-1.69 (Table 2). 

Brandham (1973) and Sharma & Chatterji (1958). 

Observed all seven acrocentric pairs of chromosome 

while in present work we observed a very few 

metacentric with arm ratio 1.0-1.7, sub metacentric 

(1.7-3.0) and acrocentric (3.0-7.0) chromosomes 

following the classification of Levan et al.,1964. On an 

average 55.71% submetacentric, 38.57% acrocentric 

and 5.71% metacentric chromosomes were observed in 

10 different populations of Aloe vera. Population R1, 

R2, R3, R4, R7 and R8 has sub metacentric and 

acrocentric chromosomes whereas in population R5, 

R6, R9 & R10 in addition to submetacentric and 

acrocentric, metacentric chromosomes were also 

present. Chromosome pairs were made on the basis of 

centromeric index and are arranged in descending order 

with respect to total length of chromosome in each 

population (Figs. 2, 3 & 4).The highest and lowest 

relative length among all populations were 10.64 and 

3.04 observed in population R4 and R2 respectively 

(Table 2). There were certain variations present in 

genome length among populations, the lowest genome 

length 72.87 (R2) and the highest genome length 80.32 

observed in R10.  

The karyotype is bimodal and consists of 14 

chromosomes (eight large and six small) predominantly 

with submedian, median and subterminal centromere 

(Figs. 2, 3 & 4). Chromosome variations among 

populations of the same species have been observed in 

many plant groups (Maffei et al., 1999). A dicentric 

chromosome has been reported in root tip cells of Aloe 

vera by Umesh & Ranganath (2003). They provided 

ultra structural evidence for the flawless transmission of 

dicentric chromosomes in the root tip cells and proposed 

that the presence of two functional kinetochores need 

not invariably lead to chromosome in stability and loss. 

Alam & Khanam (2005) carried out fluorescent 

karyotypic analysis of four Aloe species. Based on CMA 

and DAP banding properties of the chromosomes of 

Aloe species they considered CG and AT rich base 

sequences in chromosomes are probably involved in 

karyotypic diversification of these species. 

 

  

Fig. 1. Mitotic metaphase chromosomes of Aloe vera. Fig. 2. Chromosome karyotype of Aloe vera population R1-R4. 
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Table 2. Karyological parameters of root tip mitotic chromosomes in 10 populations of Aloe vera. Reading in 

each column represents total length of chromosome in micro meter, relative length, and long/short  

arm ratio respectively. Reading represents means of ten cells. 

S. No Population 
Ploidy 

level 

Chromosome Pairs 

1 2 3 4 5 6 7 

1 R1 2x 7.7 7.18 6.57 6.1 3.3 2.85 2.6 

   10.52 10.08 9.06 8.52 4.61 4.00 3.38 

   3.5 4.79 3.72 4.4 4.4 2.14 2.5 

2 R2 2x 7.25 7.1 6.76 5.48 3.14 2.69 2.36 

   10.29 9.94 9.28 8.76 4.04 3.46 3.04 

   2.96 3.8 3.26 4.44 2.14 1.86 2.14 

3 R3 2x 7.09 6.91 6.39 6.36 3.64 3.13 2.86 

   9.88 9.52 8.85 8.55 4.86 4.23 3.97 

   2.52 4.08 3.13 3.95 2.17 1.98 1.88 

4 R4 2x 7.58 7.11 6.65 6.39 3.7 2.84 2.6 

   10.64 9.78 9.14 8.78 4.33 3.79 3.56 

   2.62 4.19 3.13 4.58 3.09 1.88 1.85 

5 R5 2x 7.52 7.15 6.7 6.25 3.68 3.21 2.88 

   10.01 9.60 8.93 8.31 4.91 4.29 3.69 

   2.68 2.89 2.77 3.53 1.86 1.86 1.70 

6 R6 2x 7.80 7.43 7.19 6.86 3.57 2.98 2.8 

   10.09 9.60 9.31 8.87 4.61 3.85 3.61 

   2.9 3.04 3.08 3.11 1.52 1.89 1.8 

7 R7 2x 7.64 7.34 7.14 6.8 3.5 3.29 2.8 

   9.97 9.59 9.24 8.86 4.62 4.24 3.60 

   2.67 3.38 2.86 3.03 2.13 1.78 1.96 

8 R8 2x 7.6 7.18 6.82 6.38 3.10 2.57 2.45 

   10.54 9.93 9.39 7.42 4.35 3.77 3.35 

   2.91 3.00 2.90 3.91 2.21 1.92 1.75 

9 R9 2x 7.5 7.14 6.68 6.44 3.44 3.04 2.7 

   10.35 9.84 9.21 8.89 4.71 4.18 3.71 

   2.98 2.8 3.41 3.53 2.0 1.69 2.1 

10 R10 2x 7.98 7.52 7.51 7.0 3.68 3.22 3.1 

   9.94 9.54 9.42 8.61 4.56 4.02 3.84 

   3.25 3.01 3.73 3.19 2.01 1.85 1.43 

 

 
Fig. 3. Chromosome karyotype of Aloe vera population R5-R7. 

 
Fig. 4. Chromosome karyotype of Aloe vera population R8-R10. 
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