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Karyotypic studies were made in Allium sativum L. and its two varieties (Agrifound 
white and Yamuna safed). The chromosome number of Allium sativum L. and its two 
varieties  (Agrifound white and Yamuna safed) were diploid with chromosome number 
16.                     The chromosome types were detected as mostly metacentrics (m) and 
submetacentrics (sm). Karyotype formula of Allium sativum L. and its varieties 
(Agrifound white and Yamuna safed) was found to be14 Am + 2Asm, 2 Am + 2Bm + 4Asm 
+ 8Bsm , 14 Am+ 2Asm. . All the species have symmetrical karyotype. 
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INTRODUCTION 
 
The genus Allium comprises about 700 species. Several of them are important 
vegetables, spices and medicinal plants. Allium sativum L. (garlic) is a member of the 
Liliaceae family and a popular condiment cultivated in all over the world. The 
chromosome number of Allium species, is reported as 2n=16 (Levan, 1935, Mensinkal, 
1939) and 2n=18 in two varieties of garlic (Sharma and Bal, 1959). Intraspecific 
variations in the size and type of chromosomes, positions of the secondary constrictions 
and positions and number of the heterochromatic bands occur frequently in most of plant 
species. 

Aerial stems of Allium sativum L. are  1m tall, erect, simple, herbaceous, green, 
glabrous, terete mostly hollow. Bulb with many bulblets, with a papery coating and 
fibrous roots. Bulb with at least one flat side.  Leaves present in the lower 1//3 to ½ of the 
plant. Leaves flat or very slight folded, 30 cm long, 7-10 mm broad, glabrous, often 
glaucous, with a prominent midrib, sheathing. The ligule rounded (“U”- shaped), the free 
portion 1-2 mm tall (long). Inflorescence dense capitate cluster of bulblets terminating 
the stem. Inflorescence  covered in a papery spathe. Spathe with a long tip, splitting on 
one side at anthesis. Flowers mostly or entirely replaced by bulblets. Bulblets glabrous, 
whitish (more commonly) with a reddish tinge. If produced, the small flowers are 
greenish, whitish, or pinkish and tubular with acute lobes.  

Bulbs of Agrifound White (G-41) are compact, silvery and white with creamy 
flesh. A bigger elongated clove with 20-25 in number and diameter of bulb is 3.5-4.5 cm. 
Recommended for Maharashtra and Madhya Pradesh. Chromosome number is 2n=18.  

Abstract 
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Bulbs of Yamuna Safed are creamy white and bigger sized with 4.5-6 cm in 
diameter. Number of cloves/ bulbs is 15-16. It is recommended for cultivation in Madhya 
Pradesh, Maharashtra, Haryana, Gujarat, Punjab, Rajasthan, Uttar Pradesh and 
Chhattisgarh. Chromosome number is 2n=16.  

MATERIALS AND METHODS 
 
For the study of mitotic chromosomes, the young root tips developed from garlic 

were harvested (1-1.5 cm length) between 9.00-9.30 am and pretreated in 0.02% 
colchicine for 3.30 hr at room temperature. Harvested root tips were subsequently washed 
two times with distilled water (each 5 min.) at room temperature. Then they were fixed in 
freshly prepared carnoys fixative (glacial acetic acid: ethanol (1:3)) for overnight. After 
through washing with distilled water, root tips were transferred to 70% (v/v) aqueous 
ethanol and stored in a refrigerator until use. Maceration was carried out with 1N HCl for 
10-12 min. at 600C. After maceration root tips were washed two times with distilled 
water (each 5 min.). Thereafter, root tips were stained with 2% acetocarmine for 7-8 
hours. Acetocarmine staining technique was followed for slide preparation. Well spread 
metaphasic plates  were selected for further analysis. Chromosomes were measured by 
using 0.004 µm ocular micrometer  and calibrated with objective micrometer (stage 
micrometer) at 0.001 µm per unit.  

Bulbs of Agrifound White (G-41) was procured from Dr. Punjabrao Deshmukh 
Krishi Vidyapeeth, Akola (M.S.). Bulbs of Yamuna Safed was procured from National 
Horticulture Research Development and Foundation, Nashik (M.S.). 
 
CYTOLOGICAL STUDIES   

 Karyotypic study was based on the absolute length of the chromosome and ratio 
of chromosome short arms to long arms (Table 1-3). Chromosome were classified 
according to the centromere position as median (m), submedian (sm), subterminal (st) 
and terminal (t) types following the nomenclature given by Levan et al., (1964). 
Chromosomes were classified into 4 categories on the basis of total length, A-D  

 A = 4.5 -3.5 µm B = 3.5 –2.5 µm 

 C = 2.5 -1.5 µm D = 1.5 -0.50 µm 

RESULTS AND DISCUSSION 

1.  Allium sativum Linn. 

 Karyotypic studies in root tips cells showed 2n = 16. The somatic complement 
has 7 pairs of ‘m’ and a pair of ‘sm’ type chromosome. The total length of long arms is 
26.9 µm, ranging from 2.3 to 4.2 µm . The total length of short arms is 21.6 µm, ranging 
from 1.9 to 3.7 µm. The chromosomal length ranging from 4.2 to 7.7 µm and the absolute 
length of haploid complement is 47.5 µm. Arm ratios in metacentric chromosomes range 
from ranging from 1.07 to 1.94 µm. The range of relative chromosomal length (%), r- 
value and centromeric index are 8.84 to 16.21 µm, 0.52 to 0.93 µm and 34.00 to 48.05 
µm. The karyotypic formula is 14 Am + 2Asm. 
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2. Allium sativum L. (Var. Agrifound white) 

 Karyotypic studies in root tips cells showed 2n = 16. The somatic complement 
has 2 pairs of ‘m’ and 6 pairs of ‘sm’ type chromosome. The total length of long arms is 
16.3 µm, ranging from 1.4 to 2.4 µm. The total length of short arms is 9.6 µm, ranging 
from 0.9 to 1.9 µm. The chromosomal length ranging from 2.4 to 4.0 µm and the absolute 
length of haploid complement is 25.9 µm. Arm ratios in metacentric chromosomes 
ranging from 1.11 to 2.44µm. The range of relative chromosomal length (%), r- value and 
centromeric index are 9.27 to 15.44 µm, 0.41 to 0.90 µm and 29.03 to 47.50 µm. The 
karyotypic formula is 2Am+ 4Asm + 8Bsm+ 2Bm. 

3. Allium sativum L. (Var. Yamuna safed) 

 Karyotypic studies in root tips cells showed 2n = 16. The somatic complement 
has 7 pairs of ‘m’ and a pair of ‘sm’ type chromosome. The total length of long arms is 
23.5 µm, ranging from 2.4 to 3.5 µm . The total length of short arms is 15.8 µm, ranging 
from 1.1 to 2.4 µm. The chromosomal length ranging from 4.0 to 5.8 µm and the absolute 
length of haploid complement is 39.3 µm. Arm ratios in metacentric chromosomes 
ranging from 1.19 to 2.64 µm. The range of relative chromosomal length (%), r- value 
and centromeric index are 10.18 to 14.76 µm, 0.38 to 0.84 µm and 27.50 to 45.65 µm. 
The karyotypic formula is 14Am+ 2Asm. 

Unal and Duman (2002) studied the karyotaxonomy of Allium L. (Alliaceae) 
species endemic to Turkey and found that the  somatic metaphase spreads in the four 
species showed that all of them are diploid with the chromosome number 2n=2x=16. 
Chromosome numbers of A. Scabriflorum and A. goekyigitii were already given by 
Ozhatayv and Johnson (1996) and Ekim et al.,(1999), respectively and the findings of 
Unal and Duman are in line with such previous counts. They found all the chromosomes 
are metacentric in the four taxa except Chromosome 6 in A. vuralii and Chromosome 4 in 
A. goekyigitii, where they are submetacentric. Arm ratios in metacentric chromosomes 
range from 1.07 to 1.61. In submetacentric chromosomes, arm ratios are 1.90 in A. vuralii 
and 1.78 in A. goekyigitii. The total length of the haploid complement is similar in A. 
scabriflorum, A. karacae and A. vuralii: 71.04 µm, 68.86 µm and 63.86 µm, respectively. 
However, total haploid length in A. goekyigitiiis quite smaller than in the other taxa, 
43.78 µm. 

 
A karyotypic study was performed by Paknia and Karimzadeh (2010) on 12 

Iranian local onion (Allium cepa L.) populations and a number of mitotic cells at 
metaphase stage for each population were prepared by them. They counted chromosomes 
of suitable mitotic cells and various parameters, including long arm (L), short arm (S), 
total length of chromosomes (TL), relative length of chromosomes (RL), arm ratio (AR), 
r- value, total chromosomes volume (TCV) and centromeric index were measured by 
them. They found that all populations were diploid with 2n= 2x= 16 and they were 
differentiated by their  karyotype formula and parameters. Chromosome length varied in 
the populations and the highest quantity chromatic material was found in 
BehdashtShahrud onion. The onion populations under their occupied classes 1A and 2A 
of Stebbins karyotype classification, indicating the presence of a primitive symmetrical 
karyotype in these populations. The mean chromosome length ranged from 8.54 to 11.97 
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µm. Haploid genome length was in the range of 67.79 to 96.65 µm and mean centromeric 
index (CI) of complements varied from 41.1 to 43.7 %. The chromosome type were 
detected as mostly metacentric (m) and some submetacentrics (sm), showing the 
karyotype formula of 8m (two populations), 7m + 1sm (eight populations) and 6m + 2sm 
(two populations). The cluster analysis was done by using chromosomal parameters and 
based on Ward’s minimum variance algorithm assigned the populations into two groups. 
 

Mukherjee and Roy (2012) studied karyotype of some species and varieties of 
Allium. Except Allium stracheyi, all other species showed 8 as basic chromosome 
number. Cultivars of same species did not vary considerably in their karyotypes, although 
they were morphologically different. UPGMA based dendrogram and Principal co-
orninate analysis were also employed to assess the phylogenetic relationships among the 
species and varieties. The dendrogram clearly separated the bulbous and non-bulbous 
forms of Allium. Principal co-ordninate analysis, however, slightly differed from the 
dendrogram and clearly separated A. stracheyi from other species. They studied, 5 
species of Allium with their varieties and cultivars. Within Allium, only A. stracheyi 
showed 2n = 14 metaphase chromosomes. Allium cepa and A. sativum showed 2n = 16. 
A. porrum and A. tuberosum were tetraploid (2n = 4x = 32). A. cepa var. viviparum 
showed 24 metaphase chromosomes. In A. cepa and A. sativum, one pair of chromosome 
showed secondary constrictions. A. cepa var. viviparum showed 24 chromosomes of 
which 16 chromosomes formed eight pairs but rest of the eight chromosomes remained 
unpaired.  

 
Ahirwar and Verma (2014), in Allium cepa L. (2n=16), the somatic complement 

has 4 pairs with median centromeres, 3 pairs with submedian centromeres and a pair with 
subterminal centromeres. The total length of long arm is 17.5 µm, ranging from 3.0 to 4.5 
µm and the total length of the haploid complement is 30.5 µm. The range of relative 
chromosomal length arm ratio and centromeric index are 98.36- 147.54 µm, 0.40-1.0 µm 
and 0.28-0.50 µm respectively. The karyotype is symmetrical with karyotype formula of 
8M + 6Sm + 2st. 

In the present investigation, mitotic study was done in the species of Allium 
sativum L. included their varieties. The chromosome numbers in all the varieties of A. 
sativum L. was observed 2n=16 chromosomes. The difference in chromosomes 
complements among the species is characterized by the differences in relative length of 
haploid complement of chromosomes, arm ratio, centromeric index and chromosome 
type etc. Karyotypic formula of Allium sativum L. and its varieties was14 Am + 2Asm, 2 
Am + 2Bm + 4Asm + 8Bsm, 14 Am+ 2Asm.. 

The length of chromosomes in Allium sativum L., A. sativum (Agrifound white) 
and A. sativum L. (Yamuna safed) varied from 4.2 to 7.7 µm, 2.4 to 4.0 µm and 4.0 to 5.8 
µm. Chromosome 6 has the highest L/S arm ratio (1.94) and is submedian, chromosome 
6 is median and rest of the chromosomes are submedian in Allium sativum L. (Table-1), 
Chromosome 5 has the highest L/S arm ratio (2.44) and is submedian, chromosome 1 and 
8 are median and rest of the chromosomes are submedian in Allium sativum L. 
(Agrifound white) (Table-2), Chromosome 2 has the highest L/S arm ratio (2.64) and is 
submedian, chromosome 8 is submedian and the rest of the chromosomes as median in 
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Allium sativum L. (Yamuna safed) (Table-3),  However, Wajahatullah & Vahidy (1990) 
reported that Chromosome 1 and 2 as median and the rest of the chromosomes as 
submedian but the variation in chromosome sizes between 11 µm and 7.5 µm observed 
by them is quite close to our findings.  

However, Yuzbasioglu & Unal (2004) reported arm ratio between 1.03-2.10 and in our 
findings, the arm ratio between 1.08-1.94, 1.11-2.44 and 1.19-2.64 are observed was 
quite close to our findings. 
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Table 1: Karyotype characteristics of somatic metaphase chromosomes of Allium 
sativum L. 

 

 
 
 
 
 
 
 

Chro. pair Total 
length 

           
(µm)  

Long 
arm 
(µm) 

Short 
arm 
(µm) 

Arm 
ratio 

(L/S) 
(µm) 

Relative 
length 
(%)  

Centromeric 
index (µm) 

r- 
value 
(µm) 

Centromere 
position 

Chromosome 
type 

1 7.7 4.0 3.7 1.08 16.21 48.05 0.93 m A 

2 7.0 3.9 3.1 1.25 14.75 44.29 0.79 m A 

3 6.8 4.2 2.6 1.62 14.32 38.24 0.62 m A 

4 6.4 3.6 2.8 1.29 13.47 43.75 0.78 m A 

5 5.8 3.0 2.8 1.07 12.21 48.28 0.93 m A 

6 5.0 3.3 1.7 1.94 10.53 34.00 0.52 sm A 

7 4.6 2.6 2.0 1.30 9.68 43.48 0.77 m A 

8 4.2 2.3 1.9 1.21 8.84 45.24 0.82 m A 

 47.5 26.9 21.6       
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 Table 2: Karyotype characteristics of somatic metaphase chromosomes of Allium 
sativum  L. (Agrifound white) 

 

Table 3 Karyotype characteristics of somatic metaphase chromosomes of Allium 
sativum L. (Yamuna safed) 

Chro.pair Total 
length          
(µm) 

Long 
arm 
(µm) 

Short 
arm 
(µm) 

Arm 
ratio 
(L/S

) 
(µm) 

Relative 
length 
(%)  

Centromeric 
index (µm) 

r- 
valu

e 
(µm) 

Centromere 
position 

Chromosome 
type 

1 4.0 2.1 1.9 1.11 15.44 47.50 0.90 m A 

2 3.7 2.4 1.3 1.85 14.29 35.14 0.54 sm A 

3 3.6 2.4 1.2 2.00 13.90 33.33 0.50 sm A 

4 3.4 2.2 1.2 1.83 13.13 35.29 0.54 sm B 

5 3.1 2.2 0.9 2.44 11.97 29.03 0.41 sm B 

6 3.0 1.9 1.1 1.73 11.58 36.67 0.58 sm B 

7 2.7 1.7 1.0 1.70 10.42 37.04 0.59 sm B 

8 2.4 1.4 1.0 1.40 9.27 41.67 0.71 m B 

 25.9 16.3 9.6       

Chro.pair Total 
length 
(µm) 

Long 
arm 
(µm) 

Short 
arm 
(µm) 

Arm 
ratio 
(L/S

) 
(µm) 

Relative 
length 
(%)  

Centromeric 
index (µm) 

r- 
value 
(µm) 

Centromere 
position 

Chromosome 
type 

1 5.8 3.4 2.4 1.42 14.76 41.38 0.71 m A 

2 5.6 3.5 2.1 1.67 14.25 37.50 0.60 m A 

3 5.2 3.2 2.0 1.60 13.23 38.46 0.63 m A 

4 5.0 2.8 2.2 1.27 12.72 44.00 0.79 m A 

5 4.8 2.8 2.0 1.40 12.31 41.67 0.71 m A 

6 4.6 2.5 2.1 1.19 11.70 45.65 0.84 m A 
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7 4.3 2.4 1.9

8 4.0 2.9 1.1

 39.3 23.5 15.8

Fig. 1 : Mitotic metaphase 

plates of the Allium sativum

Magnification : 10X x 100X

 

Fig. 4 :Idiogram of the 
haploid complement of 
Allium sativum L. pre-treated 
with  colchicine. 
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1.9 1.26 10.94 44.19 0.79

1.1 2.64 10.18 27.50 0.38

15.8     

Mitotic metaphase 

Allium sativum L.    

100X  

Fig. 2 : Mitotic metaphase 

plates of the Allium sativum 

L. (Agrifound white)   

Magnification : 10X x 100X 

Fig. 3
plates of the
L. (Yamuna safed)  

Magnification : 10X x 100X

treated 

Fig.5 :Idiogram of the 
haploid complement of 
Allium sativum L. 
(Agrifound white) pre-
treated with colchicine. 

Fig. 6
complement of 
L. (Yamuna safed) pre
with colchicine.
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0.79 m A 

0.38 sm A 

   

Fig. 3 : Mitotic metaphase 
plates of the Allium sativum 
L. (Yamuna safed)   

Magnification : 10X x 100X 

Fig. 6:Idiogram of the haploid 
complement of Allium sativum 
L. (Yamuna safed) pre-treated 
with colchicine. 

 


