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Abstract: The genus Allium L comprises over 1000 species with 

important nutritional, medicinal and horticultural applications. The 

natural flora of Kazakhstan is rich in Allium species, including the wild 

long-pointed onion, A. longicuspis and cultivated A. sativum garlic 

varieties. It has been hypothesized that A. longicupis is ancestral to A. 

sativum. We investigated genetic polymorphism in samples of A. 

longicupis and the A. sativum cultivars “Niki” and “Merey” using start 

codon targeted polymorphism analysis. Nuclear ribosomal DNA 

fragments were purified, amplified and tested with 25 primers, finally 

selecting 12 primers that identified polymorphisms. DNA samples were 

sequenced, electrophoresed and cluster analysis performed by the 

construction of dendrograms and principal component analysis. The 

karyotypes of the different samples were also compared. The results 

showed that the samples of A. longicupis from natural populations did not 

differ significantly from those of the cultivated garlic varieties. The 

results indicate that A. longicupis can be considered a feral, rather than 

an ancestral, form of A. sativum. These findings have implications both 

for the breeding and cultivation of garlic varieties and for the taxonomy 

of the Allium genus.   
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Introduction 

The natural flora of Kazakhstan is rich in useful plants, 

with a special place taken by onions (Allium L.). The 

genus Allium L. is the largest in the Amaryllidaceae J.St.-

Hil family, including over 1000 species                                

(Govaerts et al., 2005) and is distributed in the temperate 

latitudes of both hemispheres. In Kazakhstan, onions 

grow almost everywhere, from deserts to the mountainous 

alpine belt (Flora of Kazakhstan, 1958). According to 

Baitenov (2001a; 2001b) these include 140 species of 

Allium L., of which 45 are endemic while other sources 

have recognized 120-127 onion species of the Allium 

genus (Tarlachkov et al., 2020) in Kazakhstan. Most types 

of onions have nutritional, decorative and medicinal 

properties; however, many are still underutilized due to a 

lack of knowledge of their biological characteristics.  
The natural populations of the wild race of Allium 

sativum, the long-pointed onion (Allium longicuspis), like 
cultivated garlic, do not form seeds. Fertile seeds of garlic 
can only be obtained experimentally (Kamenetsky et al., 
2004; 2007; Shemesh-Mayer and Kamenetsky Goldstein, 
2018). A. longicuspis is practically indistinguishable from 

garlic (A. sativum) and is currently considered as a synonym 
for garlic (Shemesh-Mayer and Kamenetsky Goldstein, 
2018; Maaß and Klaas, 1995; POWO, 2020). When the wild 
plants are cultured, they grow rapidly and increase 
considerably in size.  

In the literature, there are two hypotheses on the 

relationship between these two taxa. According to the first 
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hypothesis, A. longicuspis is considered to be a direct wild 

ancestor of the cultivated species A. sativum                            
(Maaß and Klaas, 1995; Vvedensky, 1935; Etoh and 
Ogura, 1984; Pooler and Simon, 1993; Mathew, 1996; 
Hong, 1999) the second hypothesis suggests that A. 

longicuspis is a wild form of cultivated garlic, as it is always 

found on roads and in abandoned settlements and has perfect 

conditions for growth in Central Asia (Kamenetsky et al., 

2004; Fritsch and Friesen, 2002; Etoh and Simon, 2002). 

Unfortunately, the real wild ancestor of cultivated garlic 

has not yet been found. It is assumed that the transition 

to vegetative reproduction was caused by the selection 

of cultivated garlic (Shemesh-Mayer and Kamenetsky 

Goldstein, 2018; Kamenetsky et al., 2005; 2002). 
  Cultivated garlic, A. sativum, is widely used as a 

food, medicinal, bactericidal and insecticidal plant. A. 
longicuspis is a perennial plant that grows up to 110 cm 
high. The lower half of the stem is covered with leaf 
sheaths. The leaves are broadly linear, flat and 13-41 
cm in length. The bulbs are ovoid and the shells of the 
bulbs are papyraceous or tunicated. The umbel contains 
numerous black-violet bulbs, mixed with bractlets, 
with a drooping cover, 3-4 times longer than the umbel, 
with a long beak (Fig. 1). The species is present in 
bushes, along stream banks and in gorges of the lower 
mountain belt of south-eastern and southern 
Kazakhstan, specifically, in Zailiyskiy Alatau, the Chu-
Ili Mountains, Karatau and Western Tien-Shan (Flora 
of Kazakhstan, 1958) (Fig. 2). 

The study of the genetic diversity of cultivated and wild 

plants is a priority of modern plant genetics. The assessment 

of the levels of polymorphism in both the whole genome and 

individual genes and gene families, including genetic 

variants determining economically valuable features, such as 

resistance to abiotic stresses and phytopathogens, is of 

undoubted scientific and practical interest.  

To this end, we performed a molecular genetic 

analysis of natural populations of A. longicuspis from the 

Chu-Ili Mountains and the north-western continuation of 

the Zailiyskiy Alatau ridge (Northern Tien-Shan) and 

compared them with the Kazakh garlic cultivars (A. sativum) 

"Niki and Merey". This is the first study of this kind. 

The use of highly informative molecular genetic methods 

makes it possible to assess the state of the species, its genetic 

origin and its potential in natural populations. In this regard, 

the study of A. longicuspis in natural populations and their 

comparison with the cultivated Kazakh garlic varieties 

“Niki” and “Merey” using DNA fragment analysis 

Polymerase Chain Reaction (PCR)-based methods are of 

particular relevance (Kamenetsky et al., 2005). DNA 

markers have been widely used in the molecular genetic 

testing of plants (Volk et al., 2009; Gupta et al., 1999; 
Semagn et al., 2006). The two most common uses for DNA 

markers have been to assess genetic diversity within the 

germplasm and to map the genetic relationships or 

Quantitative Trait Loci (QTL) that control agronomical 

important traits (Winter and Kahl 1995; Collard et al., 2005) 

The use of Random Amplified Polymorphic DNA (RAPD) 

markers (Farooq and Azam, 2002; Welsh and McClelland 

1990), Inter-Simple Sequence Repeat markers (ISSR)    

(Welsh and McClelland, 1990) and Amplified Fragment 

Length Polymorphism (AFLP) markers (Blair et al., 1999) 

have been popular as these marker methods can generate a 

relatively large number of DNA markers per sample and are 

technically simple. In cultivated plants, RAPD, ISSR, and 

AFLP markers have been widely used for genetic diversity 

analysis and QTL mapping (Volk et al., 2009; Vos et al., 

1995; Botha and Venter, 2000; Dziechciarkova et al., 2004; 
Gostimsky et al., 2005; Kelly and Miklas 1998; Mueller and 

Wolfenbarger, 1999). Each marker system has certain 

advantages and disadvantages compared to the others. In 

many research laboratories, marker systems are greatly 

affected by the crop species, technical knowledge, available 

equipment and research funding. Recently, many new and 

promising marker methods have appeared. These methods 

include amplified retrotransposon polymorphism, amplified 

retrotransposon microsatellite polymorphism (Rao et al., 

2002), Sequence-Associated Amplified Polymorphism 

(SRAP) (Kalendar et al., 1999) and amplified Target Region 

Polymorphism (TRAP) (Li and Quiros, 2001). Combined 

with the rapid growth in genomics research, there is a trend 

to a shift from random DNA markers to gene-targeted 

markers such as the SCoT method (Start Codon Targeted 

DNA) (Hu and Vick, 2003). In SCoT, DNA markers are 

produced by PCR using primers designed from a short-

conserved region flanking the ATG start codon, which is 

conserved in all genes, with the addition of 15 or more 

randomly selected nucleotides. This method resembles the 

RAPD or ISSR amplification reaction, as the same primer is 

used as both the forward and reverse primer (Welsh and 

McClelland, 1990; Hu and Vick, 2003), with the only 

difference being in the primer length. The markers are 

visualized by standard agarose gel electrophoresis and 

staining, making this method suitable for many research 

laboratories with standard equipment. The method is 

reproducible and can be applied to identify intraspecific and 

interspecific variations, species, populations, varieties, lines 

and individuals (Hu and Vick, 2003; Gupta et al., 1994; 
Andersen and Lübberstedt, 2003).  

The aim of the study was to assess the genetic 

diversity and determine the population genetic 

structure of A. longicuspis in natural populations and 

compare them with the "Niki" and "Merey" garlic 

cultivars from the Kazakh Research Institute of Potato 

and Vegetable Growing (KazNIIKO) in Almaty using 

SCoT molecular markers. For this study, fragments of 

nuclear ribosomal DNA (Internal Transcribed Spacers, 

ITS) were also sequenced from seven samples of long-

pointed onion and six samples of garlic. The 

karyotypes of the long-pointed onion and the cultivated 

garlic varieties were also compared. 
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Fig.1: Allium longicuspis regel in the Main Botanical Garden 

collection 

 

 
 
Fig. 2: Allium longicuspis regel from natural populations in the 

Chu-Ili Mountains (A and B-first population; C-second 

population) 

 

Materials and Methods 

The study objects were represented by samples of the 

wild species A. longicuspis from two natural populations 

in the Chu-Ili Mountains and the Kazakh garlic cultivars 

"Niki" and "Merey". Route-reconnaissance surveys were 

conducted and material was collected from the two natural 

populations of the long-pointed onion. The first 

population was represented by three sites located on the 

slopes of the Chu-Ili Mountains with heights ranging from 

950 to 1069 m above sea level, 7-10 km west of Kurdai 

village in the territory of the Kordai district of the Jambyl 

region. The second population, represented by one site, 

was located 3 km north of Kurdai village in the territory 

of the Kordai district of the Jambyl region (Table 1).  

The plants from the first population were almost identical 

in appearance (plant height, leaf length and beak length), 

although plants at the lower population boundary were 

distinguished by greater growth, indicating more favorable 

growing conditions. The second population was located in 

degraded habitat and both the plant height and cap beak 

length were approximately half those of the first population.  

DNA Extraction 

The fresh leaves were dried using silica gel. DNA was 

extracted using the innu PREP Plant DNA kit (Analyst 

Jena, Germany) according to the manufacturer's 

instructions. The working DNA was stored at +4°C. The 

extracted DNA concentration and quality were determined 

using a max life personal gene analyzer H100 (Barnaul, 

Russia), according to the manufacturer's instructions.  

Amplification and Sequencing 

The sequences of the primers used are shown in                 

Table 2. PCR was performed according to the ITS 

amplification protocol (Gupta and Rustgi, 2004) with a 20 

μL reaction mixture with 2 × HS Taq Mix Red (BioZym, 

Germany), where the mixture composition was 1 μL of 

the forward primer (ITS-A) (Blattner, 1999) and the 

reverse primer (ITS-4) (Bruns et al., 1991), 10 μL 2 × HS 

Taq Mix Red (BioZym, Germany) and 8 μL dis H2O as 

described. The amplified products were analyzed by 

electrophoresis on 1.5% agarose gels stained with 

ethidium bromide. DNA fragments were visualized under 

UV light on a Gel I × 20 Lmager apparatus (INTAS 

Science Imaging, Germany) and documented using a 

Mitsubishi P93D printer (Mitsubishi Elec. Corp., 

Japan). The amplification products were sent to the 

Microsynth SeqLab laboratory (Göttingen, Germany) 

for nucleotide sequencing. 

SCoT Methods 

To assess genetic polymorphism, four samples (one 

sample from each of the A. longicuspis populations and one 

sample each from the “Niki and Merey” cultivars) were 

investigated with 25 SCoT primers. Twelve of the primers 

that demonstrated polymorphisms were selected for the 

analysis (Table 2). PCR was performed with a 20 μL reaction 

mixture with 2 × HS Taq Mix Red, where the mixture 

composition was 1 μL of DNA and SCoT primer, 10 μL of 

Red Mix and 8 μL of dis H2O. The PCR reaction was 

performed in a Professional Thermocycler Biometra 

amplifier (Germany), according to the following program: 

Pre-denaturation-01:30 min at 94ºС, then 36 cycles (00:45 

min at +94ºС, 00:45 min at +50ºС, 1:30 min at +72ºС) and 

the final stage - 6:00 min at +72ºС and 90:00 min at 12ºС. 

DNA separation was performed in agarose gels with an 

agarose concentration of 1.5% in an electrophoresis chamber 

in Tris/Borate/EDTA (TBE) buffer using ethidium bromide. 

The duration of electrophoresis was 3.5-4 h with an electric 

field voltage of 85V. DNA visualization was performed 

using the INTAS Science Imaging system and Intag GDS 

software. The 100 bp-DNA Leiter EXTENDED marker was 

used as a DNA standard. The electrophoresis results were 

analyzed for the presence (1) or absence (0) of bands in the 

gel, followed by matrix development.  

Comparison of the Karyotypes of Long-Pointed 

Onion and Garlic 

Roots of A. lоngicuspis and the garlic "Niki" and 

"Merey" cultivars were used as the karyological research 

material. The A. lоngicuspis karyotype was studied in the 

second population samples and the A. sativum karyotype 

in the “Merey” variety.  
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Table 1: Characteristics of analyzed populations of Allium longicuspis and garlic cultivars "Niki", "Merey”    

No. Type, variety Sampling location and date  Height above sea level, m Geographical coordinates            Population code 

1(1-3) Аllium longicuspis Jambyl region, Kordai district, 7-10 km    950 43º17´532"N, All (1-3) 1-13

  

  west of Kurdai village, Kordai Pass,  1049 074°51´521"Е 

  Chu-Ili Mountains. 05/18/2018  43°13´575" N,  

    074°54´589"Е 

2 (4) А. Longicuspis Jambyl region, Kordai district, 3 1070 43º20'08.3" N, All (4) 1-20 

   

  km north of Kurdai village, Kordai Pass,  074º55'42.1" Е 

  Chu-Ili Mountains. 08/29/2019    

3 A. sativum Niki’ Kazakh Research Institute of Potato and   AsN 1-5  

  Vegetable Growing (KazNIIKO) 09/28/2018 – –  

4 A. sativum ‘Merey’ Kazakh Research Institute of Potato    AsM 1-5 

  and Vegetable Growing (KazNIIKO) 09/28/2018 – – 

 
Table 2: SCoT primers used and the numbers of markers obtained 

SCoT primer Sequence (5′-3′) Number of markers Monomorphic 

SCoT   2 CAACAATGGCTACCACCC 10 2 

SCoT   7 CAACAATGGCTACCACGG 11 1 

SCoT 11 AAGCAATGGCTACCACCA 7 2 

SCoT 12 ACGACATGGCGACCAACG 6 1 

SCoT 17 ACCATGGCTACCACCGAG 11 1 

SCoT 19 ACCATGGCTACCACCGGC 14 2 

SCoT 21 ACGACATGGCGACCCACA 5 1 

SCoT 23 CACCATGGCTACCACCAG 15 3 

SCoT 24 CACCATGGCTACCACCAT 8 4 

SCoT 27 ACCATGGCTACCACCGTG 14 1 

SCoT 30 CCATGGCTACCACCGGCG 15 2 

SCoT 35 CATGGCTACCACCGGCCC 15 1 

Total number of obtained markers  131 21 

 

Chromosomes were studied in the root tip meristem 

fixed with acetic alcohol (3:1 acetic acid: Ethanol) with 

preliminary treatment with 8-hydroxyquinoline 

saturated solution (4 h), followed by washing and 

storage in 70% ethanol. 

The set of somatic chromosomes was determined on 

temporary squash preparations stained with 

acetohematoxylin according to Yu. A. Smirnova's method 

(Govaerts et al., 2005). For this, the fixed roots were put 

in a 4% solution of iron ammonium quartz for 2-3 min. 

Then, they were dipped into a bottle with the dye and 

heated to boiling using an alcohol lamp. After the solution 

had cooled, it was possible to prepare the squash 

preparation for analysis. The chromosomes were 

measured on photographs taken with a Nikon D70 camera 

on a Leitz Aristoplan microscope.  For each sample, the 

average karyotype value was determined based on 

measurements of at least 10 photographs of metaphase 

plates. Well-spread metaphase plates were electronically 

documented (digitally photographed) and, finally, the 

chromosomes on the best plates were measured and 

pairwise arranged using the KaryoType software 

(Altınordu et al., 2016). Because the idiograms 

automatically assembled by the software were not 

satisfactory, we manually ordered the chromosome pairs 

according to their size and the position of their 

centromere. The idiograms were designed using the bar 

graph function implemented in MS Excel®. For 

morphological analysis of chromosomes, the centromeric 

index of each Chromosome (Ci) was calculated using the 

formula Ci = S: S + L × 100, where S is the absolute length 

of the short chromosome arm and L is the absolute length 

of the long chromosome arm. To characterize the 

karyotype as a whole, the karyotype centromerix index was 

determined using the formula (KCi = ΣS: ΣS + L × 100. 

Chromosome sets were divided into types according to 

(Levan et al., 1964) with the modifications described by 

Vavilov (1966). 

Results 

Sequences of Ribosomal DNA Fragments 

ITS sequences were obtained from seven A. 

longicuspis (three samples of each population and one 

sample from Kyrgyzstan from the collection of onions of 

the Botanical Garden of the University of Osnabrück) 

and six A. sativum samples (two samples of each cultivar 

and one sample from Germany and Israel from the onion 

collection of the Botanical Garden of the University of 

Osnabrück. All sequences were identical to one another and 

with previously published sequences, as shown by BLAST 

sequence alignment (www.ncbi.nlm.nih.gov/BLAST). All 

13 sequences are published in the NCBI nucleotide sequence 

database. The samples with their GenBank accession 

numbers are shown in Table 3. 

file:///C:/Users/PC/Downloads/www.ncbi.nlm.nih.gov/BLAST
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Table 3: Sequenced ITS ribosomal DNA samples and their accession numbers in the GenBank database 

No. Sample name GenBank accession number 

  1 Allium sativum_Niki_1 MT023515.0 

  2 Allium sativum_Niki_2 MT023516.0 

  3 Allium sativum_Merey_1 MT023517.0 

  4 Allium sativum_Merey_2 MT023518.0 

  5 Allium longicuspis1-3_1 MT023519.0 

  6 Allium longicuspis1-3_3 MT023520.0 

  7 Allium longicuspis1-3_9 MT023521.0 

  8 Allium longicuspis4_8 MT023522.0 

  9 Allium longicuspis4_12 MT023523.0 

10 Allium longicuspis4_17 MT023524.0 

11 Allium longicuspis_Al11_Kirgisia MT023525.0 

12 Allium sativum_Bamberger_Garlic MT023526.0 

13 Allium sativum_Israel MT023527.0 

A. sativum samples 1 and 2 were from the “Niki” cultivar and samples 3 and 4 from the “Merey” cultivar. A. longicuspis samples 5-7 

were from Population 1 and samples 8-10 were from Population 2. Sample 11 was from the University of Osnabrück, Kyrgyzstan. A. 

sativum samples 12 and 13 were obtained from Germany and Israel, respectively 

All 13 sequences were found to be 100% identical 

 

Table 4: Morphometric characteristics of the Allium longicuspis karyotype from the second population based on 20 metaphase plates 

Pair n. L S Sat Summa Ci Type 

I 6.16 5.23  11.39 45.90 m 

II 5.56 4.78  10.34 46.23 m 

III 5.61 1.48 3.21 10.30 14.36 st 

IV 5.39 4.32  9.700 44.53 m 

V 5.10 3.75  8.900 42.13 m 

VI 4.44 1.24 2.80 8.480 21.80 st 

VII 4.76 3.44  8.200 41.95 m 

VIII 4.33 2.75  7.080 38.84 m 

TKL=148,78 µm; CI2n = 39,47%, К2n = 16 = 12 m +4st 

Pair n.-number of chromosome pair; L-length of chromosome long arm; S-length of chromosome short arm; Sat-satellite; Ci- 

centromeric index; Type-chromosome type: M-metacentric; st-subtelocentric; TKL-diploid chromosome set length; CI2n-centromeric 

karyotype index 

 

Table 5: Morphometric characteristics of the Allium sativum variety "Merey" karyotype based on 10 metaphase plates 

Pair n. L S Sat Summa Ci Type 

I 6.72 4.30  11.02 39.00 m 

II 5.53 4.71  10.24 45.99 m 

III 5.28 4.28  9.560 47.76 m 

IV 5.04 4.51  9.550 47.00 m 

V 5.33 1.61 2.39 9.330 23.19 st 

VI 4.58 3.58  8.160 43.87 m 

VII 4.55 0.90 2.48 7.930 16.51 st 

VIII 3.84 2.33  6.170 37.76 m 

TKL=143,86 µm; CI2n = 39,09%, К2n = 16 = 12 m +4st 

Pair n.-number of chromosome pair; L-length of chromosome long arm; S-length of chromosome short arm; Sat-satellite; Ci-

centromeric index; Type-chromosome type: M-metacentric; st-subtelocentric; TKL-diploid chromosome set length; CI2n-centromeric 

karyotype index  

 

SCoT Analysis 

The analysis of 33 long-pointed onion and 10 garlic 
samples by the SCoT method yielded 120 polymorphic 
markers, representing 91% of the total number of traits 
and 11 monomorphic marker features. No private markers 
unique to either of the A. longicuspis populations or garlic 
cultivars were identified. The primers used revealed from 

6 to 15 polymorphic fragments per sample (Table 3). The 
lengths of the DNA fragments ranged from 150 to 1800 
base pairs. Nevertheless, the first population of long-
pointed onion from the Chu-Ili Mountains, consisting of 
three subpopulations, was found to be more polymorphic 
in comparison with the second population from the Kordai 
Pass. This population had a mixed character which is 
evident in the electrophoretic images (Fig. 3). 
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Fig. 3: SCoT patterns of the two populations of long-pointed onion and the two garlic varieties. A, SCoT17 primer. B, SCoT27 primer   
 

 
 
Fig. 4: UPGMA dendrogram of the relationships between the two populations of long-pointed onion and the two garlic varieties based 

on the SCoT markers Al 1 (1-13), Allium longicuspis, first population; Al 2 (1-20), Allium longicuspis, second population; As-

Allium sativum 
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Fig. 5: Ordination of analyzed populations based on SCoT markers of the long-pointed onion and two garlic varieties using principal 

component analysis 

 

 
(a) 

 

Fig. 6a: Morphometric characteristics of the Allium longicuspis karyotype from the second population based on 20-metaphase plates 
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(b) 

 

Fig. 6b: Morphometric characteristics of the Allium sativum karyotype ‘Merey’ based on 10-metaphase plates 

 

Phylogenetic and Statistical Analysis 

Cluster analysis using dendrograms and PCA based on 

the SCoT matrix clearly separated the second population 

from the Kordai Pass from the first population of A. 

longicuspis and the garlic cultivars “Niki and Merey”. In 

the dendrogram (Fig. 4) and on the PCA (Fig. 5), it can be 

seen that the first A. longicuspis population appeared to be 

more polymorphic, as shown by the longer branches, 

although not yet monophyletic. Two samples, Al 1-3 and 

Al 1-12, from the first population appeared to be more 

closely related to the cultivated garlic varieties and 

samples from the second population. Both the garlic 

varieties formed a monophyletic clade but were 

intermixed. In the dendrogram, the A. sativum varieties 

also appear mixed between the long-pointed onion 

populations (Fig. 4). The tree based on the degree of 

similarity of populations by SCoT marker features 

showed a division into two main branches with one (the 

lower branch in Fig. 4) including most of the samples 

from the first long-pointed onion population and the 

second branch (the upper branch in Fig. 4) including all 

the other samples of both long-pointed onion and 

cultivated garlic. This second branch, in turn, is divided 

into two subgroups: samples from population 2 from the 

Kordai Pass and the cultivated garlic samples, with two 

samples from the first A. longicupis population, Al_1_3 

and Al_1_12, showing an intermediate position between 

these two subgroups on the dendrogram (Fig. 4). This 

intermediate position of samples Al_1_3 and Al_1_12 can 

also be clearly seen in the PCA when comparing the 

second and third components and the first and third 

components (Fig. 5). It is interesting that the comparison 

of components one and two (Fig. 5) shows only two 

clouds, in which all the samples from A. longicuspis 

population 1 are combined and both populations of A. 

sativum and the A. longicuspis population 2 samples are 

well separated. 

The AMOVA results showed identical percentages of 

molecular variance within and among populations (50 %). 

The AMOVA results are shown in Supplement 1. 

Comparison of Karyotypes 

The karyotype of the second long-pointed onion 

population was developed based on images of 20 metaphase 

plates (Table 4, Fig. 6a) and the karyotype of the garlic 

“Merey” variety was based on 10 images of metaphase plates 

(Table 5 and Fig. 6b). The morphometric characteristics of 

the analyzed karyotypes do not differ essentially from each 

other; there are only insignificant discrepancies in the lengths 

and, accordingly, in the arrangement of satellite chromosome 

pairs in karyotypes, specifically, the 3rd and 6th pairs for the 

long-pointed onion and the 5th and 7th pairs for the garlic  

(Fig. 6). The karyotype formula (К2n) and the centromeric 

index of the chromosome sets (CI2n) in the analyzed samples 

did not differ significantly between A. longicuspis and A. 

sativum (Tables 4 and 5).  

Discussion 

Garlic is cultivated worldwide and is much in demand for 

its culinary, nutritional and medicinal properties. Kazakhstan 

has a rich natural flora that includes many representatives of 

the Allium genus, including both wild and cultivated garlic 
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and, therefore, presents an ideal environment for 

investigating the interrelationships between these different 

varieties. This is an important issue as it affects garlic 

cultivation and horticulture, particularly in the selection of 

desirable and economically valuable traits. It has been 

suggested, on the one hand, that the wild long-pointed onion 

A. longicupis is ancestral to A. sativum, the cultivated garlic 

(Shemesh-Mayer and Kamenetsky Goldstein, 2018; POWO, 

2020; Vvedensky, 1935; Etoh and Ogura, 1984; Pooler and 
Simon, 1993; Mathew, 1996), while, on the other hand, it is 

possible that A. longicupis is a wild form of cultivated garlic 

(Vavilov, 1966; Hong, 1999; Fritsch and Friesen, 2002; Etoh 

and Simon, 2002). The use of molecular genetic techniques 

offers a solution to this question.  

These primers were found to be highly effective for 

the study of A. longicuspis and A. sativum. Due to their 

large number and random distribution, SCoT markers 

give good genetic distance results between the taxa being 

compared, therefore, for initial screening and structuring 

of a large collection, SCoT marker analysis is a valuable 

tool for determining the population structure and related 

relationships within a species. 

Our results showed that the nuclear ribosomal DNA 

fragment sequences from the four samples (the two A. 

longicupis populations and the two A. sativum cultivars) 

were not only identical to one another, but also to an A. 

longicupis sample from Kyrgyzstan and to two A. sativum 

samples from Germany and Israel, respectively. This is an 

indication of close genetic relationships between the wild 

and cultivated species. The SCoT analysis and 

electrophoresis (Fig. 3) indicated that the first A. 

longicupis population from the Chu-Ili Mountains was 

more polymorphic than the second population from the 

Kordai Pass. This polymorphism was confirmed in the 

dendrogram (Fig. 4). 

Conclusion 

The dendrogram compiled by the UPGMA method 

showed a division of the samples into two main 

branches. One branch contained samples from the first 

A. longicupis population and the other samples from 

the second population together with the A. sativum 

cultivars and two samples from the first population. 

This separation was confirmed by the PCA analysis. 

The UPGMA method produces rooted trees and the 

dendrogram (Fig. 4) suggests that, while it is possible 

that A. longicupis may indeed be partly ancestral to 

cultivated garlic, there is considerable intermixing. 

However, because we only compared local varieties of 

A. sativum and A. longicuspis, we cannot reach a 

definite conclusion. It is also interesting that, in the 

second A. longicupis population, there appears to be 

considerable rapid diversification. This population is 

located in the Kordai Pass, a harsher and more arid 

environment than that of the first population and it is 

possible that this diversification may represent 

adaptation to this environment and even selection by 

the harsher conditions.   

In conclusion, our results confirm the findings of 

previous researchers (Shemesh-Mayer and 

Kamenetsky Goldstein, 2018; Etoh and Ogura, 1984; 
Hong, 1999) that A. longicuspis is no different from 

cultivated garlic and should be considered as feral A. 

sativum. Since the populations of feral garlic 

demonstrate distinctive molecular signatures from 

studied garlic varieties, they are a natural reservoir of 

the genetic diversity of old local garlic forms that have 

survived in nature. This has potential relevance for 

garlic cultivation and horticulture.  Further molecular 

genetic study of all long-pointed onion populations is 

required for further applications in breeding. 
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