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Karyotype Asymmetry Based on the Centromere Position in Aloe vera (Liliaceae)
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Abstract

The centromere-targeted biotechnology applications and the chromosome engineering experiments of plant centromeres are widely
used in precision synthetic plant breeding and genetically improving crops. In this respect, the centromere is the most important
chromosomal region in the transition from chromosome structure to genetic engineering and biotechnology applications. The
variations of centromere position and karyotype formula are common in Aloe vera and in the present study, it is focused on the
karyotype asymmetry calculation by the symmetry/asymmetry index (S/A;) based on the centromeric position. The different S/A,
values were calculated from 2.43 to 2.71. Despite the differences in S/A values, Aloe vera had only one karyotype type, which was
between symmetric and asymmetric. As a result, it is possible that the karyological variations observed in Aloe vera can also be seen
in other Aloe species. The results will provide the important contributions on the cyto- and biotechnological data of the genus Aloe.

Keywords: Biotechnology, Chromosome, Centromere

Ozet

Sentromer hedefli biyoteknoloji uygulamalar1 ve bitki sentromerlerinin kromozom miihendisligi deneyleri hassas sentetik bitki 1slah1
ve trilinlerin genetik olarak iyilestirilmesinde yaygin olarak kullanilmaktadir. Bu baglamda sentromer, kromozom yapisindan genetik
mihendisligi ve biyoteknoloji uygulamalarina geciste en 6nemli kromozomal bolgedir. Sentromer pozisyonu ve karyotip formdilii
varyasyonlar1 Aloe vera'da yaygindir ve bu ¢alismada sentromerik pozisyona dayali simetri/asimetri indeksi (S/AI) ile karyotip
asimetrisinin hesaplanmasma odaklanilmustir. Farkli S/AI degerleri 2,43 ile 2,71 arasinda hesaplanmustir. S/AI degerlerindeki
farkliliklara ragmen Aloe vera'nin yalnizca simetrik ve simetrik arasinda olan bir karyotip tipi vardi. Sonug olarak, Aloe vera'da
gozlenen karyolojik varyasyonlarin diger Aloe tiirlerinde de goriilebilmesi miimkiindiir. Sonuglar Aloe cinsinin sito- ve biyoteknolojik
verileri hakkinda 6nemli katkilar saglayacaktir.

Anahtar kelime: Biyoteknoloji, Kromozom, Sentromer

1. INTRODUCTION

The centromere-targeted biotechnology applications and the chromosome engineering experiments of plant centromeres
are widely used in precision synthetic plant breeding and genetically improving crops. In this respect, the centromere is
the most important chromosomal region in the transition from chromosome structure to genetic engineering and
biotechnology applications (Zhou et al., 2022). Therefore, the centromeric DNA in genomic studies and the centromeric
position in chromosomal studies provide valuable data for all organisms (in here Aloe vera L.).

Aloe vera is the most prominent species of the genus Aloe L. The genus Aloe belongs to the family Liliaceae and consists
of more than 500 species (Radha and Laxmipriya, 2014). The genus has rich medicinal ingredients and active components
such as sugars, amino acids, enzymes, minerals, vitamins, salicylic acids, saponins, and lignin (Jahan et al., 2014; Sanchez
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et al., 2020) and grows in the warm regions of Asia, Europa, Africa, and America (Chaudhari and Chaudhary, 2012). Aloe
vera has a strong history of use in many fields such as nutrition, cosmetics, medicine, and dentistry (Taheri et al., 2011).
In addition, Aloe vera has antioxidant, antibacterial, antiviral, anticancer, anti-inflammatory, antiallergic, therapeutic, and
UV protection properties (Choi and Chung, 2003; Sénchez et al., 2020).

In Aloe vera, the diploid chromosome number was 2n = 2x = 14, but polyploidy with 2n = 4x = 28 (tetraploidy) was also
seen. In the species, in addition to variation in ploidy level, there was also variation in the centromere position and
karyotype formula (Yongzhong et al., 1998; Das et al., 2010; Gunjan and Roy, 2010; Chaudhari and Chaudhary, 2012;
Haque and Ghosh, 2013; Nejatzadeh-Barandozi and Akbari, 2013; Jahan et al., 2014; Devi et al., 2019). In the present
study, it is focused on the karyotype asymmetry calculation by the symmetry/asymmetry index (S/A)) based on the
centromeric position.

2. MATERIALS AND METHOD

After a detailed literature review, karyological data of Aloe vera was obtained. The data consists of diploid chromosome
number, ploidy level, and karyotype formula (Table 1).

Table 1. The karyological data consisting of chromosome number, ploidy level, and karyotype formula of Aloe vera.

Karyotype 2n (ploidy) Karyotype formula References
number

1 14 (diploid) 8SM + 6ST Yongzhong et al., 1998
2 14 (diploid) 6SM + 8ST Das et al., 2010
3 28 (tetraploid) 12SM + 16ST Das et al., 2010
4 14 (diploid) 6SM + 8ST Gunjan and Roy, 2010
5 14 (diploid) 6SM + 8ST Chaudhari and Chaudhary, 2012
6 14 (diploid) 6SM + 8ST Haque and Ghosh, 2013
7 14 (diploid) 6SM + 8ST Nejatzadeh-Barandozi and Akbari, 2013
8 14 (diploid) 8SM + 6ST Jahan et al., 2014
9 14 (diploid) 6SM + 8ST Jahan et al., 2014
10 14 (diploid) 4SM + 10ST Jahan et al., 2014
11 14 (diploid) 6SM + 8ST Devi et al., 2019

The symmetry/asymmetry index based on the centromere position and karyotype formula was calculated with the
following formula.

SIAN=(AXxM)+(2xSM)+ (3xST)+(4xT)/2n

In the formula, the abbreviations, which are M, SM, ST, and T refers to the concepts of metacentric, submetacentric,
subtelocentric, and telocentric, respectively. In the S/A, value, there are five karyotype types: (i) full symmetric (S/A| =
1.0), (ii) symmetric (1.0 < S/A < 2.0), (iii) between symmetric and asymmetric (2.0 < S/A; < 3.0), (iv) asymmetric (3.0 <
S/AI < 4.0), and (v) full asymmetric (S/A; = 4.0) (Eroglu, 2015).

3. RESULTS AND DISCUSSION

Aloe vera showed the karyological variations. The chromosome numbers were 2n = 14 with ploidy level of 2x and 2n = 28
with ploidy level of 4x. There were four different karyotype types, which were 4SM + 10ST, 6SM + 8ST, 8SM + 6ST,
and 12SM + 16ST (Table 1). The variations in karyotype formulae were also reflected in karyotype asymmetry and
different S/A, values were calculated. Karyotype asymmetry ranged from 2.43 to 2.71. Despite the differences in S/A,
values, Aloe vera had only one karyotype type, which was between symmetric and asymmetric (Table 2).
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Table 2. The S/A, values and karyotype types of Aloe vera

Karyotype number SIA Karyotype type
1 2.43 Between symmetric and asymmetric
2 2.57 Between symmetric and asymmetric
3 2.57 Between symmetric and asymmetric
4 2.57 Between symmetric and asymmetric
5 2.57 Between symmetric and asymmetric
6 2.57 Between symmetric and asymmetric
7 2.57 Between symmetric and asymmetric
8 2.43 Between symmetric and asymmetric
9 2.57 Between symmetric and asymmetric
10 2.71 Between symmetric and asymmetric
11 2.57 Between symmetric and asymmetric

In Table 2, karyotype asymmetry values were quite close (between 2.43 and 2.71) and the karyotype type was between
symmetric and asymmetric. This range, which corresponds to a single karyotype type, is within the expected variability
for any species. Gunjan and Roy (2010) determined the karyotype asymmetry on the basis variation in chromosome
length and centromeric position in Aloe vera, Aloe indica, and Aloe ferox. They investigated the karyotype asymmetry by
eight parameters, which were TF%, AsK%, Stebbins' classification, Rec-Syi indexes, A1-A2 indices, A value, DI and Al
and recorded that Aloe vera had asymmetric karyotype composed mostly of subtelocentric chromosomes. Nejatzadeh-
Barandozi and Akbari (2013) used the total form percentage (TF) and reported the asymmetrical karyotype of Aloe vera
consisting of submetacentric and subtelocentric chromosomes.

As aresult, it is possible that the karyological variations observed in Aloe vera can also be seen in other Aloe species. The
results will provide the important contributions on the cyto- and biotechnological data of the genus Aloe.

AUTHORS’ CONTRIBUTION
All authors contributed to the study’s conception and design. All authors read and approved the final manuscript.
CONFLICT OF INTEREST

The authors have declared no conflict of interest.
REFERENCES

Chaudhari, A. K., Chaudhary, B. R. (2012). Meiotic chromosome behaviour and karyomorphology of Aloe vera (L.)
Burm. f. Chromosome Botany, 7, 23-29.

Choi, S., Chung, M. H. (2003). A review on the relationship between Aloe vera components and their biologic
effects. Seminars in Integrative Medicine, 1(1), 53-62.

Das, A., Mukherjee, P., Ghorai, A., Jha, T. B. (2010). Comparative karyomorphological analyses of in vitro and in vivo
grown plants of Aloe vera L. BURM. f. The Nucleus, 53, 89-94.

Devi, S., Gupta, S., Sharma, N. (2019). Chromosome morphology and behaviour in Aloe vera L. plants growing at
jammu, j&Kk state, India. Journal of Plant Development Sciences, 11(7), 403-407.



Eroglu and Martin | J.Hemp and Biotech.Res. Vol. 1, Issue 1:1-4 (2025)

Eroglu, H. E. (2015). Which chromosomes are subtelocentric or acrocentric? A new karyotype symmetry/asymmetry
index. Caryologia, 68(3), 239-245.

Gunjan, K., Roy, B. K. (2010). Karyotype studies in dominant species of Aloe from eastern India. Caryologia, 63(1), 41-
49,

Haque, S. M., Ghosh, B. (2013). High frequency microcloning of Aloe vera and their true-to-type conformity by
molecular cytogenetic assessment of two years old field growing regenerated plants. Botanical Studies, 54(1), 46.

Jahan, B., Vahidy, A. A., Saeed, R., Mirhabar, A. A. (2014). Karyological studies in ten different populations of desert
lily Aloe vera from Pakistan. Pakistan Journal of Botany, 46(5), 1731-1734.

Nejatzadeh-Barandozi, F., Akbari, L. (2013). Karyotypic variation of the Aloe vera L. and Aloe littoralis Baker in Iran.
Iranian Journal of Biotechnology, 11(4), 233-237.

Radha, M. H., Laxmipriya, N. P. (2014). Evaluation of biological properties and clinical effectiveness of
Aloe vera: A systematic review. Journal of Traditional and Complementary Medicine, 5(1), 21-26.

Sanchez, M., Gonzalez-Burgos, E., Iglesias, |., Gomez-Serranillos, M. P. (2020). Pharmacological update properties
of Aloe vera and its major active constituents. Molecules, 25(6), 1324.

Taheri, J. B., Azimi, S., Rafieian, N., Zanjani, H. A. (2011). Herbs in dentistry. International Dental Journal, 61(6), 287-
296.

Yongzhong, W., Fan, P., Shuyu, S. (1998). Karyotype analysis of Aloe vera L. var. chinensis (Haw) Berger. Journal of
Biology, 15(5), 42-43.

Zhou, J., Liu, Y., Guo, X., Birchler, J. A, Han, F., Su, H. (2022). Centromeres: From chromosome biology to
biotechnology applications and synthetic genomes in plants. Plant Biotechnology Journal, 20(11), 2051-2063.



	1. INTRODUCTION
	2. MATERIALS AND METHOD
	The symmetry/asymmetry index based on the centromere position and karyotype formula was calculated with the following formula.
	S/AI = (1 × M) + (2 × SM) + (3 × ST) + (4 × T) / 2n
	In the formula, the abbreviations, which are M, SM, ST, and T refers to the concepts of metacentric, submetacentric, subtelocentric, and telocentric, respectively. In the S/AI value, there are five karyotype types: (i) full symmetric (S/AI = 1.0), (ii...
	3. RESULTS AND DISCUSSION
	AUTHORS’ CONTRIBUTION
	REFERENCES

