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Garlic is one of the most cultivated and medicinal horticultural crops in the world. Its production and 
productivity is decreased due to different constraints. Knowing the genetic distance will give 
information to tackle the constraints. This study characterized genetic diversity of garlic germplasm by 
analysis of eleven Simple Sequence Repeats (SSR) loci in 115 garlic accession. Genomic DNA was 
extracted from fresh leaf tip using modified Diversity Array Technology (DArT) protocol. Touch down 
polymerase chain reaction (PCR) was also used to get optimal annealing temperature for each Simple 
Sequence Repeats (SSR) primers. A number of monomorphic and few polymorphic bands were 
obtained from eleven SSR markers. The gel pictures show monomorphic bands between genotypes. 
However, some markers: ASM 080, ASA 20, ASA23, and GB-ASM 053 generated polymorphic bands. 
Dendrogram of genetic distances amongst all tested genotypes showed three distinct major clusters, 
and six sub-clusters. This study will guide decision making on introduction of germplasm for enhancing 
genetic diversity or creation of new variations to improve and widen the genetic base of garlic. 
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INTRODUCTION 
 
Garlic is one of the main Allium vegetable crops known 
worldwide with respect to its production and economic 
value. After potatoes, cassava, and tomatoes, allium 
vegetables are the fourth most abundant group of 
commercially produced vegetables (FAO, 2017). Next to 
onion, it is also cultivated widely (Brewster, 1994). It is 
one  of   the   very  important  non-leguminous  vegetable 

crops and used as a flavoring agents in many foods 
worldwide. Oligosaccharides, steroidal glycosides, 
essential oil, flavonoids, anthocyanins, lectins, 
prostaglandins, fructan, pectin, adenosine, and vitamins 
are the major phytochemical and nutrients found in garlic 
bulbs (Arzanlou and Bohlooli, 2010). 

In Ethiopia, there is a suitable agro-ecological condition 
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for garlic production (Dessie and Mulat, 2019). Due to the 
genetic constraints, the productivity of garlic is low in 
many parts of the world as well as in Ethiopia. This can 
be attributed to lack of improved varieties and abiotic and 
biotic factors (Velisek et al., 1997). Garlic improvement in 
Ethiopia was initiated so many years back with the 
breeding strategy focusing on collection, introduction, 
adaptation and selection of superior lines. This may be 
explained by the fact that most of the commercial garlic 
cultivars are diploid (2n = 16) and vegetatively 
propagated crops (Ipek et al., 2003). As genetic diversity 
is the basic input for breeding programmes (Wang et al., 
2016), an understanding of the extent of genetic diversity 
among Ethiopian garlic germplasms is imperative for 
garlic breeding. Although several studies have been 
conducted on the agro-morphological characterization of 
garlic, there is paucity of information on its genetic 
variation at the molecular level (Sovova and Sova, 2004). 
Hence, the need to study genetic diversities of garlic at 
the molecular level. 

This work is aimed at determining the extent of genetic 
variation among Ethiopian garlic accessions. Results 
from this study will shed light on the pattern of genetic 
variation across the garlic germplasm; thus, making the 
identification, grouping, and conservation of garlic lines 
easy. The information from this work will guide decision 
making on introduction of germplasm for enhancement of 
genetic variation and/or creation of new varieties aimed 
at improving the genetic base of garlic. 
 
 
MATERIALS AND METHODS 
 
Plant materials 
 
Around 115 garlic germplasm/accession were obtained from 
Ethiopian Institute of Agricultural Research, Deberzeit Agricultural 
Research Center at intervals of 2003, 2004, and 2006 G.C, 
Ethiopia. They were planted in different pots under greenhouse 
conditions. 

 
 
DNA extraction 

 
Total genomic DNAs were extracted from fresh leaf samples of 
garlic using a DArt extraction protocol. A 6-ml aliquot of freshly 
prepared, well-mixed “fresh buffer solution” was preheated to 65ºC 
and the tubes were placed in a 65ºC incubator. The plant material 
was ground in a mortar and pestle under liquid nitrogen to a fine 
powder. The powder was suspended in 6 ml of “fresh buffer 
solution” kept at 65ºC, and incubated at 65ºC for at least 1 h. The 
tubes were inverted at every 20 min or incubated with gentle 
shaking, then cooled down for 5 min, and 6 ml of a chloroform: 
isoamyl alcohol (24 : 1) mixture was added, mixed well for 30 min, 
and centrifuged for 20 min, 3000 x g, RT. The overlying water 
phase was transferred to a fresh tube, and the same volume of ice 
cold isopropanol was added, followed by inversion of the tube ~ 10 
times. The visible nucleic acids were sedimented by centrifugation 
(30 min., 3000 x g, RT). The supernatant was discarded and the 
pellet was washed with 2 ml of 70% ethanol (EtOH). After 
discarding the EtOH, the pellet was dried, and dissolved in 200 – 
500 µl of 1 x TE (Diversity Array  Technology,  2020).  Finally,  DNA  

 
 
 
 
quantification/quality assessments were done using a Nano Drop 
spectrophotometer, and analyzed by agarose gel electrophoresis. 
 
 
PCR condition for SSR screening and genotyping 
 
Eleven (11) SSR markers were identified from prior publications 
(Doyle and Doyle, 2009; Camila et al., 2012). PCR was conducted 
with 12-μl final volumes, consisting of 1 × buffer, 40 μl genomic 
DNA, 25 mM MgCl2, 5 μ M primer, 0.2 mM dNTPs, and 0.1 μ L Taq 
DNA polymerase. The amplification program was as described by 
Man et al. (2012). The steps involved an initial denaturation step at 
94°C for 3 min followed by 35 cycles of 94°C for 30 s. The specific 
annealing temperature was 55 s, and 60°C for 60 s, with a final 
extension at 72°C for 10 min. Some primers were done using touch 
down PCR. 

The whole garlic accessions were genotyped by eleven markers 
with optimized PCR settings for informative markers. Microsatellite 
alleles were separated using 3% agarose gel electrophoresis. PCR 
product /DNA ladder (hyper ladder IV) was mixed with loading dye, 
gel Red mix (in the ratio of 1000:1) and loaded for separation 
(Table 1). 

The gel picture was documented with appropriate resolution. 
Allele scoring was done with the help of size marker (Hyper ladder 
IV) loaded together with the experimental samples and/or expected 
fragment (amp icon) size of the respective markers. 
 
 
Diversity analysis 
 
Data analysis was done by measuring allele size using PyElph 1.4 
software and Darwin6 software used for measuring dissimilarity 
using modalities dissimilarities indices. 

According to Sokal-Michener, 
 
dij = u/m+u 
 
Where, dij = dissimilarities between units i and j 
 u = number of unmatching units  
 m = number of matching units 

 
 

RESULTS AND DISCUSSION 
 
In this study, PCR optimization was performed using all 
markers using a standard, and touch down PCR 
programme. A. sativum L. is propagated typically by 
vegetative means. However, there is a considerable 
morphological and physiological variation within, and 
among cultivars (Hirata et al., 2016; Singh et al., 2012). 
This may be due to the phenotypic plasticity/mutation 
presence that makes assessment, and systematic 
classification of garlic problematic (Jo et al., 2012). 
Therefore, analysis of genetic diversity and relatedness 
between individuals is important for garlic improvement 
(Kumar et al., 2018). Hoogerheide et al. (2017) also 
showed that for the purpose of breed improvement, 
germplasm evaluation from different environments is 
more reliable for characterization of the genotypic 
variability between garlic accessions. In this study, there 
are some markers which show a difference or 
polymorphism (Figure 1A and B). 

Molecular analysis (Figure 2) showed that accessions 
collected  the  same  year  were   present   together.  The 
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Table 1. List of some microsatellite primers in A. sativum used in the study. 

 

Loci  Primer sequence (5 ′ – 3 ′ )  Allele size (bp) GenBank Accession No. Source 

GB-ASM 035 
F: TTGGACTGAATTCTGAATACCT 

R: GGGTGTGTGGTTCAAGGA 
60 288-302 EU909132 Ma et al. (2009) 

GBASM-040 
F: CACAGCAACATGCACCAT 

R: TGCCGGAACTCGATATT 
60 266-436 EU909133 » 

GB-ASM-053 
F: ACAAGGTCGACATCGTTTG 

R: GGGCTTCACCTGAACACA 
61 142-294 EU909134 » 

GB-ASM-080 
F: AATCTCCCTCCAAAGTCCC 

R:CCTGTATTTTGTGTAAAGCATCA 
60 171-174 EU909138 » 

ASA06 
F: GGGGTGTTACATTCTCCCCT 

R: ACCGCCTGATTTTGCATTAG 
57 192 JN084086 » 

ASA07 
F: CTCGGAACCAACCAGCATA 

R: CCCAAACAAGGTAGGTCAGC 
58 229-235 JN084087 » 

ASA16 
F: CACGACTTTTCCTCCCATTT 

R: GCTAATGTTCATGTCCCCAGT 
48 148-154 JN084091 » 

ASA20 
F: GAAGCAGCAAAGATCCAAGC 

R: CGTGCAGAACTTAACCTT 
48 260 JN084094 » 

ASA23 
F: TGGAGGGGGAAAAAGGATAG 

R: TGTGAAGCAAGTGGGATCAA 
55 271 JN084095 » 

ASA25 
F: TGGAGGGGGAAAAAGGATAG 

R: TGTGAAGCAAGTGGGATCAA 
51 271 JN084095 » 

ASA31 
F: TTGTTGTGCCGAGTTCCATA 

R:CAGCAATTTACCAAAGCCAAG 
50 149-161 JN084099 » 

 
 
 

 
 
Figure 1. Agarose gel picture for primer 040 and 053 (A and B), 
respectively.  

present result indicates that molecular diversity is 
correlated, as observed in three cases, within the same 
collection year. 

In the present study, group of accessions collected 
from the same location were considered as one 
population. A number of monomorphic and few 
polymorphic bands were obtained from 11 SSR markers. 
The factorial analysis on dissimilarity shows a low Eigen 
value. Phylogenetic tree of genetic distances among all 
genotypes showed three distinct major clusters (Figure 
2). The major clusters were separated into different sub-
clusters. Most of them contain the genotype that was 
collected in the same year. The dissimilarity value ranged 
from 0.17 to 0.95.  

According to Jo et al. (2012), the diverse eco-
geographic conditions of garlic and local selection 
pressure may be involved in the correlation of molecular 
diversity within a collection year. Because of clonal 
propagation nature of the crop, there is a low level of 
variation as expected. 
 
 
CONCLUSION AND RECOMMENDATION 

 
Eleven (11) (SSR) primers were used to estimate the 
genetic diversity and its distribution in 115 garlic 
genotypes.   Most    of    the    gel    pictures    show    the 
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Figure 2. Phylogenetic tree for 115 garlic genotypes using 11 markers. 

 
 
 
monomorphic band between genotypes. However some 
markers, ASM 080, ASA 20, ASA23, and GB-ASM 053 
generated few polymorphic bands. A dendrogram of 
genetic distances amongst all tested genotypes, showed 
three distinct major clusters, and six sub-clusters. This 
may give good information about genetic diversity among 
the genotypes but it still needs further data analysis, and 
interpretation. The genetic diversity of garlic in this work 
also shows the occurrence of significant variability. 
Therefore, this information indicates that there is a 
potential of further exploitation in garlic improvement. 
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