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Abstract 
 

The present work aimed at study genetic diversity and the sources of molecular 

variation between the individual cloves of two garlic clones with different 

molecular markers, RAPD and SSR. Three bulbs of two garlic clones (Egaseed1 

and Balady) were germinated (three individual cloves of each bulb). The total 

genomic DNA was extracted from the young leaves. Ten RAPD and fifteen 

SSR primers were used and the data were statistically analyzed. Fifty-seven 

bands (including 4 unique and 53 polymorphic) were totally generated and there 

were no monomorphic bands from ten RAPD primers. Two unique bands were 

detected with KO3 and KO6 primers (433 and 417 bp, respectively), likewise, 

two unique bands of 124 and 188 bp were detected with K10 RAPD primer in 

Egaseed1 clone. Thirteen SSR primers produced 45 DNA fragments.  Out of 

them, 12 were monomorphic and the remaining were polymorphic. Different 

molecular markers could be used to evaluate genetic diversity and confirm the 

molecular differences between the cloves derived from the same bulb and the 

differentiated nature of garlic. In addition, it defines the importance of using 

molecular markers to evaluate different garlic clones. 
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1. Introduction 

The value of garlic as a crop has been recognized from 

long ancient times. It has been cultivated for over 50 centuries 

and used as food, condiment and medicine by many 

civilizations in Asia and Mediterranean region [1]. Garlic 

(Allium sativum L.) is a diploid (2n = 2x = 16) herbaceous plant 

that belongs to the family Liliaceae and is closely related to 

other species, including onion, leek, chives, and shallots [2]. 

Garlic has one of the largest genomes among cultivated crops 

by DNA amount of 32.7 pg. per 2C nucleus. For centuries, 

garlic has been clonally propagated, however, genetic studies 

revealed the presence of considerable genetic diversity among 

the garlic clones [ 5-3 ]. In spite of phenotypic flexibility and the 

occurrence of mutations, the identification and systematic 

classification of garlic are difficult [ 11-6 ]. Depending on 

intraspecific diversity resulted from isozyme and RAPD 

analysis [11], garlic clones from the old world were classified 

into four subgroups; the sativum group from the Mediterranean, 

the ophioscorodon from middle and eastern Europe, the 

longicuspis from Central Asia and the subtropical group from 

southern Asia. The longicuspis group includes A. longicuspis 

and the East Asian subgroup pekinense. Clones from this group 

are bolting type and have coiling scapes and some produce, to a 

varying extent, fertile flowers.  

DNA polymorphisms are the markers of choice for 

identification and characterization of the whole garlic genome 

and they are not subjected to environmental modifications [12]. 

Several molecular markers are available for the investigation of 

garlic genetic diversity. For instance, RAPD [13], SSR [ 17-14 ], 

AFLP [18, 19] and ISSR [20] are the most common markers. 

Numerous investigators have successfully employed RAPD for 

taxonomic studies and classification [11, 21] as well as cultivar 

identification [22]; genotypic screening [23]; tissue culture [24] 

and breeding programmers [25]. The present work aimed at 

study genetic diversity and the sources of molecular variation 

between the individual cloves of two garlic (Allium sativum) 

clones by using two different molecular markers, RAPD and 

SSR. 

2. MATERIALS AND METHODS 

2.1. Plant materials 

        In the present work, bulbs of two garlic (Allium sativum L.) 

clones called Balady or Egyptian (White) and Egaseed1 (purple) 

were kindly obtained from Seds Agriculture Research Station, 

Agriculture Research Center (ARC). The experiment was 

carried out at the Genetic Department, Faculty of Agriculture, 

Minia University, Egypt. This research was conducted from 

September, 2018 to April, 2019. 

2.2. Genomic DNA isolation  

        Three bulbs of each garlic clones (Egaseed1 and Balady) 

were randomly selected and three individual cloves of each bulb 

were germinated. Total genomic DNA was extracted from 200 

mg of the young shoot leaves of each clove. Samples were 

grinded in liquid nitrogen to fine powder then DNA was 

extracted using Cornel extraction buffer (500 mM NaCl, 100 

mM Tris-HCl, PH 8.0, 50 mM EDTA and 0.84 % SDS). The re- 
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suspended DNA was verified with 1% agarose gel 

electrophoresis. Concentration and purity of extracted DNA 

were determined via spectrophotometer set at 260 and 280 nm 

absorbance [26]. 

2.3. RAPD - PCR markers 

        Ten common RAPD primers (Table 1) were used for 

screening the genetic diversity of two studied garlic clones 

(Balady and Egased1). DNA samples of nine individual garlic 

cloves of each clone (three different head/bulb, three cloves of 

each head) were subjected to PCR against the ten random 

primers. Ten primers of 10-base long oligonucleotides of 

arbitrary sequence were used as shown in (Table 1). 

2.4. RAPD PCR reaction contents 

        RAPD PCR reactions were carried out according to Anwar 

[27], with some modifications. Template DNA, the appropriate  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

primer and 2X PCR Master Mix (0.05 units/µl Taq DNA 

polymerase; 4 mM MgCl2; 0.4 mM of each dNTPs (dATP, 

dGTP, dCTP, dTTP) were used for achieving PCR reaction. The 

amplification program is consisting of an initial denaturing step 

for 4 min/94 °C; followed by 40 cycles of denaturation (1 min 

/94 °C), annealing (1 min /36 °C), and extension (2 min/72 °C) 

and a final elongation step for 5 min/72 °C.  

2.5. PCR conditions for SSR analysis 

        Fifteen microsatellite primers, particularly developed for 

garlic (Allium sativum) [28] were employed to perform SSR 

analysis among the individual plants germinated from individual 

cloves. The characteristics of the 15 microsatellite primers are 

shown in (Table 2). The amplification program used is 

described by Ma et al. [29]. 

Following PCR reactions of the RAPD and SSR markers, 15 µl 

of each sample were mixed with 5 µl of DNA loading buffer  

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: The nucleotide sequence and the GC ratio of the used primers in RAPD-PCR 

No. primers Sequence (5´ -3´) GC % 

1 K-02 GTC TCC GCA A 60.0 

2 K-03 CCA GCT TAG G 60.0 

3 K-04 CCG CCC AAA C 60.0 

4 K-06 CAC CTT TCC C 60.0 

5 K-07 AGC GAG CAA G 60.0 

6 K-08 GAA CAC TGG G 60.0 

7 K-10 GTG CAA CGT G 60.0 

8 L-01 GGC ATG ACC T 60.0 

9 M-02 GTC TCC GCA A 60.0 

10 M-04 CGG CCC AAA C 60.0 
 

Table 2: Forward and reverse sequence, repeat motif, annealing temperature, size of the original fragment, and GenBank accession 

number of the 15 microsatellite primers developed for Allium sativum. 
 

Loci Primer sequence (5′–3′) 
Repeat 

motif 

Ta 

(°C) 

Allele size 

(bp) 

GenBank 

Accession No. 

Asa04 
F: AGACTTTTGGAGGCTAGGGC 

R: CCCTGGTCTCTTTCAACCAA 
(TCC)5 (TCC)4 (TCC)5 54 264 JN084085 

Asa06 
F: GGGGTGTTACATTCTCCCCT 

R: ACCGCCTGATTTTGCATTAG 
(TG)5 57 192 JN084086 

Asa07 
F: CTCGGAACCAACCAGCATA 

R: CCCAAACAAGGTAGGTCAGC 
(TG)7 58 229–235 JN084087 

Asa08 
F: TGATTGAAACGAATCCCACA 

R: GGGGGTTACCTGAACCTGTTA 
(GT)8 56 209–257 JN084088 

Asa10 
F: TTGTTGTTCTGCCATTTT 

R: GATCTAAGCCGAGAGAAA 
(AC)7 48 225–239 JN084089 

Asa14 
F: TCTATCTCGCTTCTCAGGGG 

R: GCTGACAGAAGTAGTCTTTCC 
(GT)7 48 220–234 JN084090 

Asa16 
F: CACGACTTTTCCTCCCATTT 

R: GCTAATGTTCATGTCCCCAGT 
(TG)5 C(GT)6 48 148–154 JN084091 

Asa18 
F: TCAAGCTCCTCCAAGTGTCC 

R: TCGGGATATGACAGCATTTG 
(TG)8 45 254–264 JN084093 

Asa20 
F: GAAGCAGCAAAGATCCAAGC 

R: CGTGCAGAACTTAACCTT 
(G)12 48 260 JN084094 

Asa23 
F: TGGAGGGGGAAAAAGGATAG 

R: TGTGAAGCAAGTGGGATCAA 
(GA)5 55 271 JN084095 

Asa24 
F: TTGTTGTGCCGAGTTCCATA 

R: CAGCAATTTACCAAAGCCAAG 
(GT)4 (GT)3 (GT)5 48 149–161 JN084096 

Asa25 
F: GCACTTCACTTTCCCCATTC 

R: GGCGACGGTGAAGAGAGAG 
(CT)3 (CT)27 51 117–127 JN084097 

Asa27 
F: GGGAGAGAATGGCTTGATTG 

R: GGACAGCATCATCACCAC 
(TC)17 TC)5 55 127 N084098 

Asa31 
F: CAGAGACTAGGGCGAATGG 

R: ATGATGATGACGACGACGAG 
(CTT)7 50 237–243 JN084099 

Asa59 
F: CGCTTACTATGGGTGTGTGTC 

R: CAAGTGGGAGACTGTTGGAG 
(ATCA)3 50 290 JN084100 

Note: T a = annealing temperature. 
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and loaded onto 1.5 % agarose gel electrophoresis. DNA 

fragment sizes were estimated according to the standard marker 

of 100-2000 bp ladder resolved in the same gel. Photography 

was done by using Gel Doc. (GBOX 230V). 

2.6. Statistical analysis 

        Gel images were analyzed by using the free software 

GelAnalyzer3 [30] Molecular sizes of the amplified fragments, 

presence (1) or absence (0), frequencies, polymorphism type 

(either monomorphic or polymorphic) through samples, the 

mean frequency of band and the polymorphism percentage for 

each primer were determined. 

3. RESULTS  

3.1. RAPD markers 

        Total number of amplified fragments, number of unique 

and polymorphic bands as well as  percentage of polymorphism 

obtained by 10 common RAPD primers of 18 cloves in both 

garlic clones (Egaseed1 and Balady) are shown in (Table 3). 

Fifty seven fragments (including four unique and fifty three 

polymorphic fragments) were totally produced. No 

monomorphic bands were detected from all studied samples. In 

addition,  seven primers (K-02, K-04, K-07, K-08, L-01, M-02 

and M-04) did not show unique bands. Data in (Table 3) 

showed that all studied RAPD products were polymorphic 

conferring a 100 %. Both K03 and K06 RAPD primers 

produced one unique band of 433 and 417 bp, respectively 

(Figure 1). Two unique bands of 124 and 188 bp were detected 

from Egaseed 1 by using K10 RAPD primer (Figure 1). The 

electrophoretic pattern of PCR products (Figure 1a1 and a2) 

generated by K-02 RAPD primer in Egaseed 1 and Balady 

cloves showed four DNA fragments with different amplicon 

sizes (211, 310, 410 and 491bp). Out of them, three bands with 

211, 310 and 410 bp were found in almost all cloves (5 cloves 

of Balady and 6 cloves of Egased1). The remaining 491 bp 

amplified fragment was generated in cloves (lane number 1 

through 7) of Balady accession. No amplified fragments were 

detected in four cloves (lane 1, 4, 7 and 9) of Egased1 and (8 

and 9) of Balady.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Seven DNA fragments with different amplicon sizes ranged 

from 268 to 1259 bp were generated by using K-03 primer as 

shown in Figure 1 (b1 and b2). Out of them, one fragment was 

unique with 433bp which found in one clove (lane number 5 of 

clone Egased1) while the other six fragments were polymorphic. 

K-03 primer could not generate any DNA fragment from clove 

numbers (1, 3 and 4) of the Egased1 genotype and clove 

numbers (1, 2, 4, 8 and 9) of the Balady genotype as shown in 

Figure 1 (b1 and b2). K-04 primer generated four DNA 

polymorphic fragments (188, 270, 511, 845 bp) as shown in 

Figure 1 (c1 and c2). This primer failed to amplify any DNA 

fragments in sample number 4 of Egased1 and number 9 of 

Baldy. Eight amplified fragments were generated using K-06 

RAPD primer as clarified in Figure 1 (d1 and d2). Out of them, 

one (417 bp) was unique and the rest were seven polymorphic 

bands of 142, 165, 320, 420, 562, 777 and 884 bp. Three cloves 

(lanes 1, 8 and 9) of genotype Balady could not generate any 

DNA fragment upon using K-06 RAPD primer.  

The electrophoretic pattern of PCR products generated by K-07 

primer were seven polymorphic DNA fragments with different 

amplicon sizes ranged from 138 to 583 bp as shown in Figure 1 

(e1 and e2). This primer failed to amplify any regions in three 

cloves of Egased1 clone (lanes no. 1, 4, 9) two cloves Balady 

clone (lanes no. 8 and 9). Likewise, K-08 primer generated four 

(237, 481, 841 and 1598 bp) polymorphic DNA amplified 

fragments as shown in Figure 1 (f1 and f2). Three samples of 

genotype Egased 1 (lanes no. 1, 4 and 5) and two samples of 

genotype Balady (lanes no. 2 and 9) failed to generate any DNA 

fragment with the K-08 RAPD primer. Sample no. 7 of Egased 

1 and no. 8 of the Balady genotype showed only one DNA 

fragment of 481bp. The biggest fragment of 1598 bp was found 

only in clove (no. 2 and 3) of clone Balady. Data in Tables (3) 

and Figure 1 (g1 and g2) indicated that seven DNA fragments 

were produced with different amplicon sizes ranged from 124 to 

1204 bp by using K-10 primer. Two unique bands of amplicon 

sizes (124 and 188 bp) were clearly visible. The other bands 

(240, 296, 384, 496 and 1204 bp) were polymorphic conferring 

a 100% of polymorphism. Four polymorphic fragments (0.157, 

0.264, 0.366, and 0.443 kb) were generated by using L-01  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3: Total number of monomorphic, polymorphic and unique PCR fragments and percentage of polymorphism obtained by using 10 

RAPD primers for studied garlic clones. 
 

Primers Unique bands 
Polymorphic bands Total number of 

bands 
Polymorphism (%) 

without Unique with Unique 

K-02 0 4 4 4 100 

K-03 1 6 7 7 100 

K-04 0 4 4 4 100 

K-06 1 7 8 8 100 

K-07 0 7 7 7 100 

K-08 0 4 4 4 100 

K-10 2 5 7 7 100 

L-01 0 4 4 4 100 

M02 0 5 5 5 100 

M04 0 7 7 7 100 

Total 4 53 57 57 100 
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Figure 1: Electrophoretic banding patterns of 10 RAPD primers (a: K02, b: K03, c: K04, d: K06, e: K07, f: K08, g: K10, h: 

L01, i: M02 and j: M04) after DNA amplification of a1, b1, c1, d1, e1 f1, g1, h1, i1 and j1 (1-9) which indicate to nine cloves of 

Egased1  clone and a2, b2, c2, d2, e2 f2, g2, h2, i2 and j2 refer to: nine cloves of Balady clone (1-9). M: 100 bp ladder marker. 
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RAPD primer. Except sample of lane no.5 of Egased1 and lane 

no.9 of Balady, all the examined samples successfully generated 

DNA fragments by using L-01 primer Figure 1 (h1 and h2).  

The electrophoretic pattern of PCR products generated by the 

M-02 primer revealed that five DNA polymorphic fragments 

were produced with different amplicon sizes (139, 188, 395, 

672 and 994 bp) as shown in Figure 1 (i1 and i2). All samples 

could generate DNA fragments except clove no. 3 in the third 

bulb of Balady genotype. Seven polymorphic bands ranged 

from 150 to 828 bp were produced by using M04 RAPD primer 

Figure 1 (j1 and j2). However, M04 RAPD primer failed to 

amplify any fragments in sample of lane no. 9 of genotype 

Balady.  

 

3.2. SSR markers 

        Fifteen SSR primers (Table 2) were deployed to mainly 

amplify the simple sequence repeats (SSR) DNA regions of the 

representative eighteen cloves in two garlic genotypes (Balady 

and Egaseed1). Two primers (Asa14 and Asa24) failed to 

generate any DNA fragments. A total number of 45 DNA 

fragments were amplified by using the other 13 SSR primers. 

Out of them, 12 (26.7 %) were monomorphic while the 

remaining 33 fragments (73.3 %) were polymorphic including 

two unique fragments as shown in (Table 4). 

As shown in Figure 2 (a1 and a2), primer Asa04 generated two 

monomorphic bands (195 and 254 bp), while Asa06 primer 

amplified only one monomorphic DNA fragment with amplicon 

size of 109 bp in all cloves but not in lane no. 9 of Balady 

genotype Figure 2 (b1 and b2). The amplification profile of the 

Asa07 primer showed only one monomorphic band (224 bp) in 

almost all examined cloves of the two garlic clones. No 

amplified fragments were detected from four cloves (lanes 2, 4, 

6 and 9) of Balady accession as shown in Figure 2 (c1 and c2). 

Two polymorphic DNA fragments (158 and 243 bp) were 

formed by using the Asa08 primer Figure 2 (d1 and d2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No DNA fragments were detected from sample number nine of 

genotype Balady. Moreover, two samples (No. 5 and 9) of the 

genotype Egased1 and three samples (No. 4, 6 and 9) of Balady 

generated only the smallest band of 158 bp. For Asa10 primer, 

two polymorphic bands of 181 and 441 bp were observed 

Figure 2 (e1 and e2). However. Data indicated that no unique 

bands were observed by using Asa10 primer conferring a 100 % 

of polymorphism.  

Two monomorphic (81 and 134 bp) and two polymorphic 

fragments (472 and 759 bp) with 50% polymorphism were 

generated after Asa16 primer application as shown in Figure 2 

(f1 and f2). In addition, two polymorphic DNA fragments (146 

and 379 bp) were produced from the Asa18 SSR primer Figure 

2 (g1 and g2). Data indicated that only the clove number 1 of the 

clone Egased1 and number nine of the clone Balady failed to 

generate any DNA fragments with the Asa18 primer. Five DNA 

fragments with different sizes ranged from 107 to 459 bp were 

generated by the Asa20 SSR primer as shown in Figure 2 (h1 

and h2). On the other hand, the Asa23 primer amplified four 

polymorphic DNA fragments (170, 229, 416 and 556 bp) as 

shown in Figure 2 (i1 and i2). Only the sample of clove number 

(9) of both Egased1 and Balady clones could not generate any 

DNA fragments by using the Asa23 primer. The samples of 

cloves number (2, 4, 6 and 8) of clone Balady generated only 

the two bands (170 and 229).  

After applying Asa25 SSR primer, a total number of three 

amplified fragments were detected Figure 2 (j1 and j2). Data 

confirmed that two bands of them were monomorphic with 116 

and 165 bp. No unique bands were found and the percentage of 

polymorphism was 33.3 % (Table 4). The electrophoretic 

pattern of PCR products generated by the Asa27 SSR primer 

revealed that seven DNA fragments with different sizes ranged 

from 90 to 400 bp were found as shown in Figure 2 (k1 and k2). 

Out of them, five fragments were monomorphic with amplicon 

sizes of 90, 146, 165, 218 and 264 bp, while the remaining two 

fragments were polymorphic with 28.6 %.  

 

 

 

 

 

 

 

 

 

 

Table 4: Total number of monomorphic, unique and polymorphic fragments generated by 13 SSR primers in 18 garlic plants. 

Primers Monomorphic bands 
Unique 

bands 

Polymorphic bands Total 

number of 

bands 

Polymorphism (%) without 

Unique 
with Unique 

Asa04 2 0 1 1 3 33.33 

Asa06 0 0 1 1 1 100 

Asa07 0 1 1 2 2 100 

Asa08 0 0 2 2 2 100 

Asa10 0 0 2 2 2 100 

Asa16 2 0 2 2 4 50.0 

Asa18 0 0 2 2 2 100 

Asa20 0 0 5 5 5 100 

Asa23 0 0 4 4 4 100 

Asa25 2 0 1 1 3 33.3 

Asa27 5 1 1 2 7 28.6 

Asa31 

Asa59 

Total 

0 

1 

12 

0 

1 

2 

6 

4 

31 

6 

4 

33 

6 

5 

45 

100 

85.7 

76.74 
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Figure 2: Electrophoretic banding patterns of 13 SSR primers (a: Asa04, b: Asa06, c: Asa07, d: Asa08, e: Asa10, f: Asa16, g: Asa18, h: 

Asa20, i: Asa23, j Asa25, k: Asa27, l: Asa31 & m: Asa59). a1 through m1 refer to nine cloves (1-9) of Egased1 clone and a2 through m2 

refer to nine cloves of Balady clone. M: 100 bp ladder marker. 
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By using the Asa27 SSR primer the DNA fragment of 400 bp 

was recognized as unique band in the clove sample number 5 of 

the genotype Balady. Also, the DNA fragment of 322 bp was 

found only in the samples (No. 5 and 7) of Balady. The Asa31 

primer could amplify six DNA fragments ranged from 94 to 

1604 bp as shown in Figure 2 (l1 and l2). All of them were 

polymorphic with 100%. This primer could not amplify any 

DNA fragments in four of all examined samples. Only one band 

of 155 bp found in samples (No. 2, 4 and 6) of the clone Balady. 

PCR products of Asa59 primer Figure 2 (m1 and m2) were five 

DNA fragments with different amplicon sizes (65, 118, 195, 

273 and 766 bp). Out of them, four fragments were polymorphic 

with 85.7 % (Table 4). One fragment with 65 bp was 

recognized as monomorphic band. 

4. Discussion 

        Based on two common markers (RAPD and SSR), data 

reported herein clearly showed the existence of molecular 

variation between individual cloves derived from the same bulb. 

The answer of question, how this individual molecular variation 

comes from, is still crucial. Because of the apomictic nature of 

garlic reproduction and the accumulation of many changes at 

the molecular level, the analysis of genetic diversity plays a 

vital role in breeding programs. The previous studies focused on 

the sources of variation among garlic clones in the form of bulk 

samples [1,3,4,6,7,8,16,31-34]. Cytological and molecular 

events pushed to genetic variation emergence couldn’t be 

accurately determined in bulk plants [10, 35]. However, the 

molecular variation between individual cloves might be 

attributed to the transposition of certain elements like those 

detected by Helmy and Anwar [36]. Some minute chromosomal 

aberrations like those observed by El-Mamlouk et al., [3]; Ata 

[4];
 
Osman et al. [6]; Ata and Osman[7];

 
Anwar and Ata[8] and 

Anwar et al. [16], may occurred periodically during bulb 

storage in the time of dormancy. Therefore, different molecular 

techniques could be used to evaluate diversity and confirm the 

differences between the cloves within the same bulb and the 

differentiated nature of garlic. In addition, it defines the 

importance of using molecular markers to evaluate different 

garlic clones. Likewise, several studies including molecular 

events, proteomics and transcriptomics that may share in 

interpretation the unbelievable appearance of physiological, 

genetical and epigenetical variations on the cellular, tissue, and 

clove levels in garlic should be carried out. 

5. Conclusion 

        Genetic diversity and the sources of molecular variation 

between the individual cloves of two garlic clones were studied 

by using two different molecular markers (RAPD and SSR). 

Data reported evidently showed the presence of molecular 

variation between individual cloves derived from the same bulb. 

Therefore, different molecular techniques and several studies 

including molecular events, proteomics and transcriptomics that 

may share in interpretation the unbelievable appearance of 

physiological, genetical and epigenetical variation on the 

cellular, tissue, and clove levels in garlic. 
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