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Abstract: In this present study, karyotypes of three varieties in the genus Allium were examined. 

The study aimed at investigating intergeneric and intrageneric relationships among the varieties 

studied. The three varieties studied were diploid with 2n = 2x = 16. Highest total chromosome 

length was in A. sativum (white variety) was 64-164 μm. The lowest in A. cepa (white variety) as 

ranges from 21-41 μm. The chromosome types were investigated as mostly metacentrics (M), 

submetacentrics (Sm) and few subtelocentrics (St). The length of the roots that were excised was 

between 1 and 1.5 cm. Pre-treatment of root tips was done with 0.05 % colchicine for 5 hours. The 

roots were fixed in Carnoy’s fluid, a 6:3:1 solution. Aceto-orcein (2 %) was used for the staining of 

the fixed root tips. The tips were then squashed in aceto-orcein. A photomicrograph was obtained 

using the MOTIC 2.0 camera. The chromosomes of the haploid were arranged and numbered 

according to their total length in descending order, and their ideogram was developed. Karyotype 

formula is 5M+9Sm+2St in A. cepa (red variety) and White variety was 4M+12Sm while A. 

sativum (white variety) was 4M+11Sm+1t. The karyotypes of the species were examined on the 

grounds of various karyotype asymmetry indices. Revealed that A. cepa (red variety) varieties are 

symmetrical while A. sativum (white variety) is moderately asymmetrical. Two of them, A. cepa 

(red and white variety) fell in the 1A while A. sativum (white variety) belonged to the 1B category 

of Stebbins’ classification.  

Keywords: Karyotype, Morphology, Asymmetrical, Symmetrical, Allium cepa, Allium sativum, 
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1. Introduction 

Karyotype study gives plant species basic information about their total number of chromosomes, 

the shape of each chromosome, chromosomal abnormalities, chromosomal homology, and ploidy 

level [1]. Only around one-third of their chromosome counts are known, and comprehensive 

cytological information is scarce for Allium species [2]. The number of chromosomes is an 

essential characteristic for plant evolutionary studies, as it provides information regarding 

polyploidy and genomic changes [3]. These investigations generate useful information for 
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systematic comparisons of geographical and taxonomic plant groups [4]. The examination of 

karyotypes improves comprehension of evolutionary relationships at various taxonomic levels. The 

morphology and number of chromosomes are useful in plant systematics for clarifying the origin 

and evolutionary relationships of plants. Stebbins' categorization has been utilised to evaluate 

karyotype asymmetry and construct karyotype relationships among various species [5]; [6]; [7]; 

[8]; [9]. Based on the principles of symmetry and asymmetry, the centromere position and relative 

chromosome length are the most significant karyotypic characteristics utilised to determine 

chromosomal affinity [10]. 

The Allium genus is the largest in the Amaryllidaceae family, with over 900 species belonging to 

15 subgenera [11]; [12]. Allium vegetables are the fourth most commercially produced group of 

vegetables [13]. In general, all portions of the Allium plant are used by humans as spices, 

vegetables, medicinal herbs and ornamentals, as well as being used as animal feed [14]. Allium 

species with “antibacterial” or “anticancer” chemicals have attracted interest including A. 

ascalonicum, A. ampeloprasum, and A. hirtifolium [15]; [16]. Only around one-third of them have 

known chromosome counts, and there are very few Allium species with comprehensive cytological 

data [17]. Although x = 8 is the most frequent basic chromosomal number in Allium, additional 

numbers (x = 7, 9, 10 and 11) as well as variations in ploidy levels such as diploidy (2n = 2x = 16), 

triploidy (2n = 3x = 24) and tetraploidy (2n = 4x = 32) have been noted for Allium [18]; [19]. 

It has been noted that the cytogenetic properties of Allium species vary depending on the 

geographic location of the plants. This compelled numerous research of Allium species, including 

A. cepa [20]. New species continue to be discovered in various parts of the globe, necessitating 

ongoing cytogenetic research on them [21]; [22]. These, like other plant species the world over, 

need to be continually documented and studied. There is the need for cytogenetic studies to 

establish the phylogenetic relationships of such species [23]. Data generated from such studies 

could be used to characterize and improve the crop species. This paper aimed at establishing 

phylogenetic relationships between two varieties of A. cepa L. and A. sativum species and reports 

the results of the comparative chromosomes morphology and karyotype analysis of two varieties of 

the onion and garlic species cultivated in Girei LGA, Adamawa Satate, Nigeria. 

2. Materials and Methods 

2.1. Experimental Site   

The research was undertaken at the Faculty of Life Sciences, Department of Plant Science, 

Modibbo Adama University, Yola. The research covers chromosomes morphology and karyotype 

studies in Red and white onion (A. cepa L) varieties.  

2.2. Collection of Plant Samples 

The onion and garlic bulbs were obtained directly from the farmers in Girei Local Government 

Area. The plant samples were moved down to the Department of Plant Science for identification 

using the preserved specimen voucher. The identified onion sample was A. cepa L (white and red 

onions) varieties. 

2.3. Germination of Plant Samples  

The bulbs of the plant samples were immersed and washed with tap water to remove the 

contamination from the outer surface prior to planting of the bulbs. The onion and garlic bulbs 
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were exposed to the sun for four days, the dried outer scales were removed with care, the roots 

were scraped, and the ring of the primordial root was left intact to encourage the growth of new 

roots. These were utilised for the bioassay in accordance with protocol [24]. 

2.4. Preparation of Root Tips 

 The technique according to Oroji [25] were used as follows: Root tips were collected when the 

length of the emerged onion and garlic root tips were 1- 1.5 cm. The harvested roots were washed 

thoroughly in running tap water so as to remove debris of soil. Prior to root harvesting the set up 

was not watered for 24 hours. Harvesting of the root tips was done between hours of 9:00 am and 

9:30 am. The period in which somatic metaphase spread of the meiocytes of the growing root tips 

were active. 

2.5. Pre-treatment 

The technique described by Hosseini [26] were used as follows: Root tips that have bulgy and 

creamy root tips were selected approximately 1 – 1.5 cm from the root tip was excised. The 

excised roots were immersed in 0.02 % Colchicine for 5 hours. The set up was aerated at 30 min 

intervals using battery operated aerator bubble so as to replenish loss of oxygen.  

2.6. Fixation 

The technique described by Rasha and Helmey, [27] were used as follows: The pre-fixed roots 

were rinsed in running tap water for 1 minute and then fixed directly into Carnoy’s Fluid (“Glacial 

acetic acid, chloroform, and absolute ethanol” in a 6:3:1 ratio) solution for 24 hours. The roots 

were then removed and stored in 70 % ethanol until required for cytological analysis. 

2.7. Hydrolysis and Squash Method 

A technique by Rasha and Helmey [28] were used as follows:  The root tips were then washed in 

distilled water at room temperature, transferred into 1N hydrochloric acid (HC l) at 60º C in a 

water bath for 10-12 minutes. The root tips were then washed with distilled water in the same test 

tube at room temperature. First 2-3 mm from the root cap were cut and the rest parts were 

discarded.  Aceto-orcein stain was added to the root tips for 3 minutes. The tips were then 

squashed in the aceto-orcein stain.  The slides were then covered with a cover slip and a blunt end 

of a pen was used to press gently over the cover before examining under the light microscope.   

2.8. Preparation of Karyotype: 

 At least five excellent metaphase cell plates were utilised for karyotype analysis. From 

photomicrographs, photo-ideograms were created by cutting out individual chromosomes, 

organising them in descending order of their length, and matching them based on their centromere 

position. The software for measuring chromosomes produced the ideogram and other parameters 

(IDIEOKAR software 2.7). Six to eight well-separated mitotic plates were utilised for the 

karyotypic examination. Levan et al [29] created the now employed chromosomal nomenclature. 

The C VCI parameter measured the relative variation in centromeric location of chromosomes in 

complement, whereas the CVCL parameter evaluated the relative variation in chromosomal length. 

The Stebbins classification and Paszko[30] asymmetry index (AI) were used to evaluate the 

karyotypes overall asymmetries. 
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3. Results and Discussion 

3.1. Results  

The Range of Karyotype index in Three Varieties of Allium genus  

The somatic chromosome count of the three types under study was 2n = 16 chromosomes (Fig. 1a, 

b, c). The lengthiest chromosomal pair was found in the white onion and white garlic varieties, 

with ranges of 51-69 and 34-104 m, respectively. The smallest pair was found in the red onion 

type, measuring 15-34 m. The highest total chromosome length (TCL), ranges from 61-164 μm in 

white garlic variety and 68-109 μm in red onion variety, respectively. White onion variety had the 

intermediate values total chromosome length (TCL), that ranges from 70-101 μm between the 

above two varieties (Table 1). 

Karyotype Evolution Data Using Different Methods to Evaluate Karyotype Asymmetry.  

The karyotypic formulas were 5M + 9Sm + 2St for the red onion, 4m + 12sm for the white onion, 

and 4M + 11Sm + 1t for the white garlic. The red onion variety and the white onion variety both 

had karyotypes that fit into Stebbins's 1A category. The white garlic variety, on the other hand, had 

a karyotype that fit into Stebbins's 1B category (Table 2). The white garlic variety had the highest 

values for C VCL, CVCI, and AI, A1, and A2, while the white onion variety had the lowest values. 

The values of CVCL, CVCI, AI, A1, and A2 for the red onion variety fell between the first and 

second sets of numbers (Table 2). 

Table 1. Range Karyotype index in Three Varieties of Allium genus  

 

LA=Long arm, SA=Short arm, TCL=Total chromosomes length, RL=Relative length, 

CI=Centromeric index, AR=Arm ratio. 

 

Table 2. Karyotype Evolution Data Using Different Methods to Evaluate Karyotype Asymmetry 

 

Varieties LA (μm) SA (μm) TCL (μm) RL (%) CI (μm) AR (μm) 

Red onion 42-73 15-34 68-109 5.16-8.27 0.21-0.41 1.41-3.74 

White onion 51-69 21-41 70-101 5.28-7.62 0.25-0.48 1.10-3.05 
White garlic  34-104 14-63 61-164 3.76-9.93 

 

0.12-0.45 

 

1.21-2.75 

 

Varieties 2n KF CVCL CVCI AI A1 

 

A2 SC 

Red onion 
16 5m + 9sm+2St 16.23 20.47 79.3 0.49 0.16                 

 

 

1A 

White 

onion 
16 4m + 12sm 11.92 17.26 

 

69.09 

 

0.50 1.20 1A 

 
White 

garlic 
16 4M+11Sm+1t 28.25 25.62 110.24 

 

0.49 0.28 1B 
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2n = Somatic chromosome number, CVCL = Coefficient of variation in chromosome length, CVCI = 

Coefficient of variation in centromeric index, AI = Asymmetry index, A1 = intrachromosomal 

index, A2 = Interchromosomal index, KF = karyotype formula, SC = Stebbins Classification. 

 

Figure 1. Photomicrograph of red variety (A), Photomicrograph of white (B), and Photomicrograph of garlic variety (C). 

 

A 

 

 

B 

 
C 
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Figure 2. Ideogram of A. cepa (red variety) (A). Ideogram of A. cepa (white variety) (B). Ideogram of A. sativum (white 

variety) (C). 

3.2. Discussion 

Somatic chromosome count, base number and ploidy level of species form the primary basis of 

cytotaxonomy. The chromosomes numbers in all the varieties of A. cepa and that of A. sativum was 

observed 2n=16. This finding agrees with Akhavan et al [31], who determined a basic chromosome 

number of x = 8 in A. przewalskianum and 10 species of Allium (sect. Acanthoprason). Contrary to 

this findings Han et al [32] found chromosomal counts of 2n = 16, 24, 32, 40, and 48 in various A. 

ampeloperasum subspecies. The chromosomes in Amerillidaceae showed great variability in 

length. Also, a karyotype examination of eight Allium species (sect. Allium) found that two of them 

have x = 7 as their fundamental chromosome number [33]. 

A. cepa L. (red variety) has 5M + 9Sm + 2t, and A. cepa L (white variety) has karyotypic formula 

2M + 12Sm, all showing symmetrical karyotype. According to Zuo and Yuan [34], the presence of 

sub-telocentric chromosomal shape in (red variety) shows that these genotypes have kept some of 

their original wild features.The predominance of median (m) and submedian (sm) chromosomes of 

nearly the same size characterizes a symmetrical karyotype. Increased asymmetry can be caused by 

a shift in centromere position from median/submedian to sub-terminal/terminal, or by the 

accumulation of variations in the relative sizes of the complement's chromosomes, resulting in a 

more diverse karyotype [35]; [36]. The centromeric indices and arm ratio for the other 

chromosomes in the complement is similar to what was obtained in the literature [37]; [38]; [39]. 

According to Sinha [40] and [41], the centromeric index is 50 for metacentric, 50 to 39.5 µm for 

submetacentric, 25 to 12.5 µm for subtelocentric, and 12.5 to 0 µm for telocentric. The arm ratio 

values revealed the kind of chromosome for metacentric chromosomes ranged from 1 to 1.7 µm, 

submetacentric chromosomes ranged from 1.7 to 3.0 µm, and 3-7 µm and above revealed 

subtelocentric and telocentric chromosomes. Because of a variety of parameters such as 

pretreatment time and chromosome preparation process, the entire or arm length of homologous 

chromosomes in the same or separate cells might be extremely different [42]. 

Although our findings suggest it is useful to demonstrate intrachromosomal asymmetry, Lorenzo 

and Halil [43] claim that the CVCI index is a measure of chromosomal heterogeneity rather than 

intrachromosomal asymmetry. The centromeric location of each chromosome in complement 

varies relatively, as measured by the CVCI parameter. The most submetacentric chromosomes are 

present in A. sativum (white garlic variety), which also has the greatest CVCI proportion. The 

white variety of A. cepa has the lowest CVCI, as seen by its all-metacentric and submetacentric 

chromosomes (Table 2 and Fig. 1). The CVCL parameter assesses the relative chromosomal length 

variation in a complement. The CCVS value was high in A. sativum (garlic variety) and was 

slightly variable in A. cepa (red variety) which is possibly due to their high total chromosomal 

length (Table 1, Table 2).  

The Asymmetry Index (AI) developed by Paszko [44], which combines two types of asymmetries, 

proved useful in analyzing karyotype asymmetry in our study. The highest AI value in  A. sativum 

(white garlic variety) represents a comparatively asymmetric karyotype, while lowest is in both A. 

cepa (red variety) and A. cepa(white variety) represents a symmetric karyotype (Table 2), which is 

also clear from their karyotypic formulae (Fig. 1). 

According to earlier studies, the majority of karyotypes in the genus Allium contain a 

preponderance of chromosomes with centromere in the median and sub-median regions, indicating 
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that karyotypes are moderately symmetrical [45]. A. cepa (red variety) and A. cepa (white variety) 

have 1A karyotypes, while A. sativum (white variety) has 1B karyotypes, indicating a somewhat 

asymmetrical to symmetrical nature of karyotypes (Table 2). 

4. Conclusion 

Karyotype and chromosome morphology research revealed that the Allium species analyzed here 

have a majority of metacentric and submetacentric chromosomes, indicating that the two types 

have symmetric karyotypes. This genus symmetrical shape reflects the relatively basic karyotypes 

of its genotypes. A. cepa L. (red and white varieties) demonstrated that there are evolutionary 

similarities between the two varieties consequently, they are good candidates for cytogenetic 

studies for establishment of intrageneric classification and better understanding of its taxonomy, 

whereas A. sativum (white garlic variety) exhibited a moderately asymmetrical karyotype. A. 

sativum (variant of white garlic) is an excellent genotype for evaluating intergeneric classification 

in plant breeding programs. 
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