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except for TekDiş31 garlic genotype. In general, some 
garlic clones (Maraş3 and Kayseri30, Urfa33 and 
Topaklı35, Kastamonu22 and Kastamonu28, Urfa10 
and Kastamonu14, Kastamonu29 and Bademci23) 
were completely similar to each other, while few dif-
ferences were found among others. In conclusion, 
this study revealed that the garlic plant, despite its 
clonal propagation, consisted of some level of mor-
phological and partially molecular variation. Due to 
its mode of reproduction (vegetative), this variation 
may largely be due to point or chromosomal muta-
tion. Furthermore, the 10 identified ISSR primers can 
generate valuable information for genetic diversity for 
use by garlic breeders.

Keywords Allium sativum L. · Garlic · Molecular 
Characterization · Morphological Characterization

Introduction

Garlic (Allium sativum L.) is one of the most impor-
tant vegetables of Allium species in the Alliaceae 
family. Allium sativum var. sativum subspecies is the 
cultivated garlic consumed today (Brewster, 1994). 
The fresh leaves and cloves of garlic are used both 
raw and cooked in cooking around the world and are 
consumed as powder form after processing. In histori-
cal periods, garlic has been used to enhance the flavor 
of dishes in various cultures. It is used for its aroma, 
as well as a traditional medicine (Arreola et al. 2015).

Abstract Garlic is a vegetable widely used both 
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world due to its contents. Although morphological 
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tion complicates breeding programs aiming improve-
ments in preferred agronomic characteristics. For this 
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study, morphological and molecular characteristics of 
39 garlic genotypes, which are widely cultivated in 
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was different from other genotypes in terms of some 
morphological features (fresh weight, dry weight, 
and bulb diameter). In the molecular characteriza-
tion study, 10 Inter-Simple Sequence Repeats (ISSR) 
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The beneficial effects of garlic on health have been 
known for centuries. Garlic contains water (65%), car-
bohydrates (28%), sulfur compounds (1–4%), proteins 
(2%), fibers (1.5%) and free amino acids (1–1.5%) 
(Rahman 2003). In addition, garlic contains vita-
min B6, vitamin C and selenium (Borek 2001). The 
volatile organosulfur compounds contained in garlic 
provide the typical pungent aroma and are responsi-
ble for many medicinal properties (Carson 1987; Yun 
et al. 2014; Martins et al. 2016). Garlic naturally has 
antioxidant potential and anticancer nature (Adaki 
et al. 2014; Li et al. 2018). In addition, garlic has an 
antimicrobial effect (Batiha et al. 2020). Compounds 
in garlic have important effects on the immune sys-
tem (Batiha et  al. 2020). It is stated that garlic may 
contribute to the prevention and treatment of diseases 
such as obesity, cardiovascular disorders, gastric ulcer 
and cancer (Arreola et  al. 2015; Sánchez-Sánchez 
et al. 2020). Garlic suppresses the production of pro-
inflammatory cytokines such as TNF-α and CRP in 
the liver (Miki et al. 2020) and stimulates important 
defense cells (Arreola et  al. 2015; Beni and Omidi 
2018). Due to these beneficial effects of garlic on the 
immune system, it has been evaluated that it may also 
be beneficial in patients with COVID-19 (Donma and 
Donma 2020). Garlic also has an appetite-enhancing 
effect (Buckland et al. 2013). This can help alleviate 
the loss of appetite seen in various diseases.

Garlic is widely consumed in the world for its 
medicinal properties. In the world, 30.7 million tons 
of garlic are produced annually. China with 23.25 
million tons, India with 2.91 million tons, Bangladesh 
with 466.4 thousand tons, Korea with 387.6 thousand 
tons and Egypt with 318.8 thousand tons constitute 
the top five countries with the highest production 
(Stat FAO 2019). Turkey produces 23.351 tons of 
fresh and 103.096 tons of dried garlic (TUIK 2020). 
It is important to determine the morphological and 
molecular characterizations of the existing genotypes 
in the breeding programs to ensure yield and quality 
increase in garlic.

Garlic, an obligate apomictic species that can 
reproduce asexually from garlic cloves (Bradley 
et  al. 1996), is propagated vegetatively and gar-
lic clones are frequently exchanged among farm-
ers (Ipek et  al. 2008a, b). Over time, these clones 
have adapted to different climates, resulting in an 
increase in diversity (Paredes et  al. 2008). There-
fore, there is significant phenotypic variation in 

existing clones (Etoh and Simon 2002; Volk  and 
Stern 2009). This variation among garlic varieties 
is an important factor for the cultivation of new 
varieties. Therefore, the evaluation of germplasm 
resources is important to ensure their effective use 
(Kamenetsky 2007). While there is a significant 
variation in garlic in terms of various agronomic 
traits and phenotypes (Pooler and Simon 1993; 
Bradley et al. 1996; Panthee et al. 2006; Stavělíková 
2008), genetic variation is low. The most important 
breeding method used in garlic is clonal selection 
(Lampasona et  al. 2003). Clonal propagation pre-
vented the formation of genetic differences in garlic 
and resulted in a genetic bottleneck.

Characterization studies in garlic are mostly based 
on phenotypic characteristics. However, the fact that 
phenotype characteristics can change in different 
environmental conditions creates complexity in gar-
lic clone characterization (Bradley et  al. 1996). In 
contrast, molecular characterization is not affected 
by environmental conditions, and therefore repeat-
able over differing environments. Different DNA 
techniques are used for selection in breeding studies 
(Coşkun et al. 2017; Uzun et al. 2017; Karaman et al. 
2018; Uzun et al. 2020). In garlic, RAPD (Maass and 
Klaas 1995; Bradley et  al. 1996; Ipek et  al. 2003; 
Choi et  al. 2003; Mario et  al. 2008; Abdoli et  al. 
2009), AFLP (Lee et al. 2002; Lampasona et al. 2003; 
Ipek et  al. 2003, 2005; Volk et  al. 2004; Ipek et  al. 
2008a, b; Ovesná et  al. 2011; Morales et  al. 2013), 
SSR (Ma et  al. 2009; Cunha et  al. 2012), SRAP 
(Chen et al. 2013) and in some studies the ISSR tech-
nique (Jabbes et al. 2011; Son et al. 2012) were used. 
The ISSR technique examines nucleotide sequences 
between simple sequence repeats (Zietkiewicz et  al. 
1994). The most important advantages of this tech-
nique are that it does not require sequence informa-
tion and uses a low rate of DNA (Parveen et al. 2016). 
In addition, this technique has high reproducibility, 
high genomic distribution, and high polymorphism 
can be obtained (Heidari et al. 2016). Therefore, this 
marker technique was used to assess genetic diver-
sity among asexually propagated garlic clones. In 
this study, it is aimed to characterize different gar-
lic clones, which are frequently preferred in some 
regions in Turkey, in terms of morphological and 
molecular properties. It is aimed to contribute to the 
breeding studies to be done in the future by revealing 
the differences between the garlic genotypes.
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Materials and methods

Plant material

In the study, 39 garlic clones collected from different 
parts of Turkey were used as plant material. Garlics to 
be used as clones, Kahramanmaraş (1–8), Kastamonu 
(9, 12, 14–22, 24–29), Şanlıurfa (10,11, 33), Kayseri 
(13, 30), Aksaray (32, 38, 39)), Birecik (36), Tunceli 
Tek Diş (31), Bademci (23), Kayseri Hacilar Mor 
(34), Nevsehir Topaklı (35) were also collected from 
different regions.

Morphological characterization method

Morphologically, bulb fresh weight (g), bulb dry 
weight (g), bulb height (mm), bulb diameter (mm), 
clove number, clove formation status and bulb bark 
color measurements were performed with 10 repli-
cations from each genotype. The data were analyzed 
with the statistical program SAS version 9.00 (SAS 
Institute, USA) using the GLM procedure (PROC 
GLM) and mean separation was conducted with 
DUNCAN at α = 0.05/ 0.01 for significant treatment 
effect (P ≤ 0.05/0.01). We carried out ANOVA to 
determine the effects of the garlic genotypes on cer-
tain pomological parameters. The results obtained 
in the morphological characterization studies were 
evaluated by performing variance analysis in the SAS 
statistical program. A least significant difference test 
(LSD) was performed to determine the differences 
among groups.

Molecular characterization method

DNA isolation studies were carried out for molecular 
characterization according to and Doyle and Doyle’s 
(1987) CTAB DNA extraction protocol modified by 
Gulsen et al. (2005) was used. The relative purity and 
concentration of the extracted DNA were estimated 
by the bulk DNA method on a 1% agarose gel and the 
final DNA concentration was adjusted to 20 ng/µL.

For DNA amplification, ISSR primers, which 
were previously found to be successful and give 
polymorphic bands, were used. Each 15 µl amplifica-
tion solution contained 10  mM Tris–HCl (pH 9.0), 
50 mM KCl, 0.1% TritonX-100, 1.3–1.5 mM  MgCl2, 
0.33  mM from each dNTP, 0.67  mM primer, 1-unit 
Taq polymerase, and 15 ng template DNA.

For molecular characterization studies, genotypes 
were tested with 10 ISSR primers. Each marker was 
visually scored as absent (0) or present (1). Data 
were analyzed with the Numerical Taxonomy Mul-
tivariate Analysis System (NTSYS-pc) version 2.1 
software package (Exeter Software, Setauket, NY, 
USA). In order to determine the genetic relationship 
between individuals, Dice similarity coefficient was 
used to construct an unweighted pair group method 
with arithmetic average (UPGMA) dendrogram (Dice 
1945).

Results and discussion

The study was conducted with 39 different garlic 
genotypes collected from different regions. The fresh 
weights of the garlic genotypes used in the study 
ranged from 30.45 to 98.25  g. The highest value in 
terms of fresh bulb weight (98.258 g) was measured 
in Kahramanmaraş4 genotype, while the lowest value 
(30.449 g) was obtained from Kastamonu15 genotype 
(Table 1).

Dry weights of garlic genotypes ranged from 28.1 
to 84.35  g. The highest dry bulb weight (84.349  g) 
was determined in Kahramanmaraş4 genotype, and 
the lowest dry bulb weight (28,080 g) was determined 
in Kastamonu15 genotype (Table 1).

Kayseri Hacılar37 genotype with a fresh bulb 
weight of 82.88 g had a dry bulb weight of 59.143 g 
after drying. It was observed that this genotype dries 
up by losing more water than Kahramanmaraş4 and 
Kahramanmaraş2 genotypes. Gebologlu et al. (2017) 
in a study conducted on garlic, the bulb weight of 
13 local genotypes was determined in the range of 
17.04–41.97 g. In our study, bulb weights were found 
to be higher.

In this study, the bulb diameters of the genotypes 
were found to be between 42.15 and 68.36  mm. 
The highest bulb diameter was determined in 
Kahramanmaraş4 genotype (68.36  mm), the lowest 
bulb diameter (18.23 mm) was determined in Tunceli 
Tek Diş31 genotype (Table  1). Wang et  al. (2014) 
found the bulb diameter between 2.23 and 7.61  cm 
in 212 garlic samples of Chinese origin. The varia-
tion seen in bulb diameter is correlated with similar 
studies.

In the study, the highest bulb height was obtained 
from Kastamonu 9 genotype with 47.32 mm, and the 
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Table 1  Morphological measurement results of garlic genotypes

*Different lettering indicates that the statistical differences between the groups are significant at the 0.01 level

Genotype Collection sites Fresh Weight 
(g)

Dry Weight (g) Bulb Diameter 
(mm)

Bulb Height 
(mm)

Number 
of cloves 
(pieces)

Bulb 
external 
cloves

Kahramanmaraş1 Kahramanmaraş 80.130 cb 69.779 bc 64.764 a-c 38.800 f-m 9.4 n-p 0 d
Kahramanmaraş2 Kahramanmaraş 77.456 c-d 72.851 b 63.236 b-d 39.725 e-l 10.5 i-p 0 d
Kahramanmaraş3 Kahramanmaraş 82.263 b 67.325 b-d 62.719 b-e 41.097 c-j 8.6 po 0 d
Kahramanmaraş4 Kahramanmaraş 98.258 a 84.349 a 68.363 a 42.129 b-h 9.7 l-p 0 d
Kahramanmaraş5 Kahramanmaraş 52.800 g-ı 46.400 g-k 59.503 de 34.130 no 13.7 d-f 0 d
Kahramanmaraş6 Kahramanmaraş 71.081 b-e 63.190 b-e 61.076 c-e 39.188 e-l 9.5 m-p 0 d
Kahramanmaraş7 Kahramanmaraş 66.276 d-f 53.332 e–h 64.162 a-d 39.486 e-l 8.2 p 0 d
Kahramanmaraş8 Kahramanmaraş 51.941 g-j 40.780 j-n 58.288 e 36.919 j-o 8.7 po 3 a-d
Kastamonu9 Kastamonu 31.192 o 29.164 o 45.517 h–l 47.320 a 12.5 f-l 4 a-c
Şanlıurfa10 Şanlıurfa 38.336 k–o 36.905 k–o 47.018 g-k 40.126 e-l 12.4 f-m 3 a-d
Şanlıurfa11 Şanlıurfa 38.524 k–o 35.915 k–o 46.589 g-k 44.894 a-c 12.5 f-l 1 dc
Kastamonu12 Kastamonu 43.094 j-o 41.113 i-n 46.690 g-k 44.492 a-d 13.6 c-h 1 dc
Kayseri13 Kayseri 32.220 on 30.365 on 42.149 k-l 41.326 c-i 12.3 f-n 0 d
Kastamonu14 Kastamonu 33.844 m–o 32.477 m–o 43.576 j-l 39.039 e-l 11.4 g-o 2 b-d
Kastamonu15 Kastamonu 30.449 o 28.080 o 40.808 l 36.747 k–o 9.9 k-p 3 a-d
Kastamonu16 Kastamonu 50.169 g-k 48.422 g-j 51.438 fg 44.851 a-c 15.2 b-f 1 dc
Kastamonu17 Kastamonu 43.753 i-o 40.622 j-n 48.215 g-j 42.034 c-g 15.7 a-e 0 d
Kastamonu18 Kastamonu 48.242 h–l 45.873 h–k 49.223 f–h 40.374 d-k 13.7 d-g 5 ab
Kastamonu19 Kastamonu 42.095 i-o 40.802 j-n 47.590 g-j 43.010 b-f 12.6 f-l 0 d
Kastamonu20 Kastamonu 43.430 i-o 40.745 j-n 47.696 g-j 37.867 h-n 13.2 d-j 0 d
Kastamonu21 Kastamonu 35.269 l-o 34.151 l-o 44.012 i-l 43.180 b-e 13.3 d-i 2 b-d
Kastamonu22 Kastamonu 42.220 i-o 39.384 j-o 47.154 g-k 37.942 h-n 17.9 ab 2 b-d
Bademci23 Kastamonu 46.819 i-m 44.254 h–l 50.311 f–h 41.134 c-j 13.6 c-h 2 b-d
Kastamonu24 Kastamonu 35.015 l-o 32.092 m–o 43.814 j-l 38.481 g-m 17.4 ab 3 a-d
Kastamonu25 Kastamonu 39.434 j-o 37.622 j-o 46.735 g-k 42.286 b-g 16.3 a-c 2 b-d
Kastamonu26 Kastamonu 45.062 i-n 43.133 h-m 48.918 g-i 46.147 ab 12.8 f-k 3 a-d
Kastamonu27 Kastamonu 37.428 k–o 32.613 m–o 45.734 h–k 39.034 e-l 15.8 a-d 0 d
Kastamonu28 Kastamonu 35.903 l-o 33.672 l-o 45.872 h–k 37.291 i-n 14.2 d-g 2 b-d
Kastamonu29 Kastamonu 39.729 i-o 38.274 j-o 49.014 f-i 45.031 a-c 12.7 f-k 0 d
Kayseri30 Kayseri 68.705 c-f 60.678 c-f 62.117 b-e 36.069 l-o 9.4 n-p 0 d
TekDiş31 Unknown 76.958 b-d 66.131 b-d 18.232 m 21.198 p 1 q 0 d
Aksaray32 Aksaray 72.448 b-e 61.255 c-f 66.663 ab 39.740 e-l 12.9 e-j 3 a-d
Şanlıurfa33 Şanlıurfa 61.086 e–g 51.917 f-i 62.962 b-e 39.446 e-l 10.3 j-p 2 b-d
Hacılar34 Kayseri 73.326 b-e 63.047 b-e 63.634 a-d 34.815 m–o 10.7 h-p 0 d
Topaklı35 Nevşehir 73.957 b-d 57.121 d-g 66.531 ab 40.655 d-k 9.5 m-p 1 dc
Birecik36 Şanlıurfa 46.605 i-l 38.955 j-o 53.670 f 33.146 o 18.0 a 4 a-c
Hacılar 37 Kayseri 82.886 b 59.143 c-f 66.643 ab 38.685 g-m 9.9 k-p 6 a
Aksaray38 Aksaray 65.303 d-f 53.023 e–h 64.703 a-c 35.962 l-o 12.1 g-n 4 a-c
Aksaray39 Aksaray 58.208 f–h 46.922 g-k 61.222 c-e 36.366 k–o 12.3 f-n 4 a-c
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lowest bulb height was obtained from Tunceli Tek 
Diş31 genotype with 21.20 mm. There is a wide vari-
ation in the number of cloves of bulbs belonging to 
different garlic genotypes (Table 1).

The highest number of cloves was obtained from 
Birecik36 type with 18 pieces, and the lowest number 
of cloves was obtained from Tunceli Tek Diş31 type 
with one clove. Figliuolo et al. (2001) stated in their 
study that clove characteristics are an important cri-
terion for determining the differences between geno-
types while making morphological observations in 
garlic. Wang et al. (2014) stated in their study that the 
number of cloves ranged from 1 to 13. In our study, 
clove numbers obtained from some genotypes were 
found to be higher.

External cloves in garlic bulbs are an undesirable 
situation that may occur due to environmental condi-
tions as well as genetic-based changes. The tendency 
to form external cloves causes a distorted shape struc-
ture and reduces the market value of the products. In 
this study, external cloves status in garlic bulbs was 
determined mostly in Kayseri Hacılar37 genotype. 
No defective clove structures were found in 16 of 39 
types investigated (Table 1). These results are consist-
ent with similar to the studies conducted by Panthee 
et al. (2006).

In garlic, the bulb ground color of dry external 
scales ranges from white to reddish white accord-
ing to UPOV parameters. In this study, three colors 
were observed as white, white-purple, and pur-
ple. There are 23 genotypes with completely white 
color and 14 genotypes with white and purple-white 
colors. All three-color conditions were observed in 
Kahramanmaraş6 genotype, while Hacılar34 geno-
type produced purple color in all bulbs (Table  1). 
Bulb ground color differed even among clones of 
the same genotype. The reason for this may be due 
to genetic inheritance as well as environmental condi-
tions. Garlic bulbs planted close to the surface may 
change the bulb ground color because of contact with 
the cold or direct sun light.

This study showed a wide variation analyzed in 
terms of morphological features. In similar studies, 
garlic genotypes were examined in terms of different 
agronomic characteristics (Pooler and Simon 1993; 
Bradley et al. 1996; Panthee et al. 2006; Stavělíková 
2008) and significant changes were detected between 
garlic genotypes in terms of agronomic proporties. 
Panthee et al. (2006) observed 4 different bulb ground 

colors in their study. As a result, garlic genotypes 
were found in a wide range in terms of morphologi-
cal variation. Also, Panthee et al. (2006) carried out 
morphological characterization by using 179 garlic 
samples collected from different locations in Nepal 
in 2006. They found a significant variation on param-
eters such as bulb weight, bulb diameter, number of 
cloves, bulb shape and bulb ground color. Probably 
variations were due to varying environments and 
mutations.

In the study, a total of 55 bands were obtained by 
using 10 ISSR primers showing amplification. 47 of 
these bands were found to be polymorphic and 8 of 
them were monomorphic, and the average polymor-
phism value was calculated as 0.85. All ISSR prim-
ers were found to be polymorphic, with a mean PIC 
of 0.2. The highest PIC value of 0.4 was obtained 
in primers (AGC AGC )3G and (CAC)3GC, and the 
lowest PIC value was obtained in primer (AGC)6G. 
According to the similarity dendrogram created, the 
similarity coefficients varied between 0.57 and 1.00 
(Table 2).

Tekdiş31 is in the first main branch formed in the 
obtained UPGMA dendrograms. Within the second 
main branch, Kahramanmaraş8 genotype and oth-
ers were separated. Kastamonu genotypes showed 
new branches on the same branch. Although most 
genotypes taken from Kastamonu show genetic simi-
larity, there are also different ones. These may have 
occurred because of mutation. Or there may be geno-
types brought from different regions and grown in 
Kastamonu under the name of Kastamonu-Taşköprü 
garlic (Fig. 1).

Some molecular studies on garlic resulted in 
similar findings to this study. Bradley et  al. (1996) 
determined the similarity coefficients between 0.58 
and 0.97 in their study. Paredes et al. (2008), on the 
other hand, determined the polymorphism rate to be 
0.87 in their study on garlic. The genetic similarity 
rate obtained in our study was determined by Pare-
des et al. (2008) were found to be lower than the rates 
determined in their study (94–98%).

In the studies, it was determined that the genetic 
similarity ratios of garlic changed in proportion to the 
increase in clonal reproduction of the selected geno-
types. It has been observed that there is a genetic vari-
ation among the genotypes in terms of the parameters 
examined in this study. The most different genotype 
was the TekDiş31 genotype unique, which differed 
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Table 2  Polymorphism and PIC values of studied ISSR primers

Primary Sequence 3’-5’ Total Number 
of Bands

Number of Poly-
morphic Bands

% Polymor-
phism

PIC Value

(GACA)4 GAC AGA CAG ACA GACA 8 7 87 0.3
(GT)6GG GTG TGT GTG TGT GG 9 8 89 0.3
(CA)8R CAC ACA CAC ACA CACAR 2 2 100 0.1
(AGC AGC )3G AGC AGC AGC AGC AGC AGC G 9 8 89 0.4
(CAC)3GC CAC CAC CACGC 8 8 100 0.4
(AG)7YC AGA GAG AGA GAG AGYC 3 2 67 0.1
(GT)8YA GTG TGT GTG TGT GTG TYA 4 3 75 0.1
(AGC)6G AGC AGC AGC AGC AGC AGC G 8 4 50 0
HVH(TCC)7 HVHTCC TCC TCC TCC TCC TCC TCC 1 1 100 0.1
(TCC)5RY TCC TCC TCC TCC TCCRY 4 4 100 0.1

Fig. 1  The UPGMA 
analysis based on Dice coef-
ficients of ISSR markers 
from the garlic genotypes
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from the others in terms of features and morphology 
and gave a single large clove, unlike other types. It 
has been observed that some genotypes have different 
characteristics compared to other genotypes. Mantel 
correlation analyses between the similarity matrices 
of morphological and molecular markers indicated 
no association (r = 0.06). These may be caused by 
environmental conditions and quantitative inheritance 
of agronomical characters of garlic. For example, 
some important plant characters such as plant size 
and clove weigh are affected by multiple genes and 
the same environmental conditions may differentially 
affect different plant genotypes as expected.

Conclusions

In general, among the genotypes analyzed in this 
study, morphological and genetic variations exist. 
Kahramanmaraş4 genotype was significantly different 
in parameters such as fresh weight, dry weight and 
bulb diameter. In addition, it was determined that the 
bulb height of Kastamonu9 genotype was higher than 
the other genotypes and the Birecik36 genotype had 
a higher number of cloves. Studies show that the gar-
lic plant has a wide morphological variation despite 
its clonal propagation. In this study, it was con-
cluded that the most molecularly different plant was 
TekDiş31 garlic type as expected. In addition, Kasta-
monu9, Kahramanmaraş7 and Aksaray38 genotypes 
were different in terms of molecular characteristics. 
Determining the molecular and morphological advan-
tages of genotypes originating in Turkey will shed 
light on future garlic breeding studies. In general, 
the garlic genotypes used in this study showed a high 
similarity coefficient, except for TekDiş31 garlic.

Although the gene center of garlic is Central Asia 
(Cunha et al. 2012), studies have been done in differ-
ent continents of the world, in Asia (Ma et al. 2009; 
Zhao et al. 2011), Latin America (García-Lampasona 
et al. 2012), Africa (Jabbes et al. 2011), USA (Volk 
et al. 2004; Cunha et al. 2012) and Europe (Bayraktar 
and Dolar 2011) characterization studies were carried 
out among garlic genotypes. It has been determined 
by molecular markers that there may be genetic differ-
ences between the garlic genotypes of the same name. 
For example, a variety called Kastamonu garlic in 
Turkey has been confirmed to be two varieties using 
the molecular marker method (Ipek et  al. 2008a, b). 

Presumably, most garlic genotypes arose from muta-
tions from a single clone. Significant variation can be 
seen in genetic pools, as mutations that affect impor-
tant agronomic traits are easily transferred to future 
generations due to clonal propagation.

In this study, important data for breeding programs 
were obtained by determining the similarity/differ-
ence among genotypes by molecular methods. Fur-
thermore, it was concluded that molecular markers 
can be a very useful tool to evaluate existing garlic 
genotypes and by this way large collections of garlic 
can be efficiently characterized.
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