
 

 

 

Comparative analysis of genetic variation and chemical variability in 

commonly available Egyptian and Chinese garlic 

 

Abstract 

Three garlic varieties (Sids 40, Sids 50 and Chinese) comparisons of oil 
composition and genetic variation of three garlic cultivars (Allium sativum 
L.) commonly used for cooking, pharmaceutical industries and essential oil 
production in the Egyptian market. Garlic essential oils were obtained by 
hydrodistillation and then analyzed for chemical components by GC-MS. 
Also, Phenolic content, Alliin content and DPPH% radical-scavenging 
activity (IC50) and determine the genetic diversity in different of the three 
garlic varieties and to investigate the genetic distances between them were 
evaluated. The results, in general, indicated that the variety of Sids 40 was 
distinguished in the studied traits. IC50 value was arranged as follows: Sids 
40, Sids 50 and Chinese. The phenol content of the three garlic varieties 
were arranged in terms of their phenol content from highest to lowest, as 
follows: Sids 40 (396.50 µg/g), Sids 50 (366.58 µg/g) and Chinese (296.92 
µg/g). The highest of Alliin content,  was Sids 40 with a content of 91.53 
mg 100/ml, followed by the Chinese variety at a content of 88.70 mg 
100/ml, and the least of them was Sids 50 with a content 60.43 mg 100/ml. 
The highest similarity value (1.00) was recorded between Sids 40 
genotypes and Sids 50 genotypes, while the lowest similarity value (0.610) 
was recorded between China genotypes and Sids 50 genotypes. On the 
other hand there was no similarity between China genotypes and Sids 40 
genotypes. 

Keywords: Garlic (Allium sativum L.), Essential oil, GC-MS, IC50, DNA 
isolation, Genetic similarity, SCoT primers, dendrogram. 

 

Introduction 

Garlic (Allium sativum L.) like onions, leeks and shallots cultivated for 
spices belongs to the family Alliaceae. Most garlic is sold as whole green 
garlic or fresh bulbs in the Egyptian fresh market. Processed products such 
as chopped garlic and garlic spreads are not often sold. Garlic is the most 
nutritious and the second most commonly used member of the Allium 
species [1]. 



 

 

Functionally, garlic bulbs (Allium sativum L.) are very important 
products due to their many functional uses as cooking ingredients and 
medicines. Biochemically, garlic bulbs contain compounds of allicin and 
scodinin, which are antibiotics and can boost the body's immune system [2, 
3]. Garlic is also known as a cooking ingredient from a culinary point of 
view and is very popular. Garlic bulbs usually contain methylallyl disulfide 
compounds, which makes the dish more delicious and spicy and fragrant 
[2]. 

About 300 types of garlic are cultivated all over the world, mainly in 
hot and dry places. Today, garlic is one of the 20 most important 
vegetables in the world. The FAO database indicated in 2019, that the total 
garlic production worldwide (TGPW) reached 30.7 million tons and the 
recorded land area reached 1.6 million hectares. The Asian continent's 
production is 90% of TGPW, follow the African continent's production is 
production is 2.7% of TGPW and the Americas is about 2.6% of TGPW. 
On the other hand, the database (FAO) in 2019 indicated that Egypt 
occupies the fifth place in the global production of garlic, reaching 318.8 
thousand tons, where China ranked first among garlic producers with 23.3 
million tons, followed, India, where its production reached 2.91 million 
tons, followed by Bangladesh with a productivity of 466.39 thousand tons, 
followed the republic of Korea, with a productivity of 387.67 thousand 
tons [4]. 

Garlic has a historical background, as the writings of the ancient 
Egyptian temples indicated that the pyramids' builders (workers) were 
eating garlic daily. In the modern time, in World War I and II it was known 
that the soldiers also eating garlic as an antibiotic that prevents 
contamination of wounds and prevents gangrene from occurring [5].Now, 
taking garlic is known to have many health benefits. Lowers blood 
pressure and cholesterol to help prevent atherosclerosis (plaque buildup in 
the arteries causing blockage and possibly leading to heart attack or 
stroke), and reduce colds, coughs, and bronchitis and helps reduce the risk 
of cancer [6, 7, 8, 9]. Also, alliin is a bioactive compound that shows high 
anti-human colon cancer anti-stomach cancer activities and stimulates 
peripheral blood cell immune functions [10, 11]. 

Several studies have indicate that garlic is rich in antioxidants that 
can fight free radicals that accumulate with age. On other hand, 



 

 

antioxidants work to reduce or prevent many free radical damage such as 
heart disease, cancer and Alzheimer’s [12]. 

                    Molecular markers have been defined by Food and Agriculture 
Organization (FAO) as a DNA sequences exist in specific genome 
locations associated with linked gene or trait inheritance [13]. There are 
several applications of DNA markers in plant molecular genetic studies 
[14, 15]. The popular DNA marker methods random amplified 
polymorphic DNA (RAPD) [16, 17]. Inter simple sequence repeat (ISSR) 
[18, 19, 20, 21] and amplified fragment length polymorphism (AFLP) [22] 
have been used in genetic diversity analysis and relationships 
determination among garlic induced clones, as the environmental 
conditions do not affect them.[23]. [24, 25, 26, 27]. In recent years, many 
new promising dominant molecular marker techniques have been 
developed such as SCoT [28] and SRAP [29, 30] because of their 
simplicity, inexpensive, and reproducibility. In this study, marker systems 
called, Start Codon Targeted (SCoT) polymorphism [31] have recently 
become the best choice of molecular markers used in genetic diversity 
studies. SCoT was developed based on the short conserved sequence 
around the Translational Start Site (TSS) that is conserved in all plant 
genes. It is simple because its PCR products were resolved by performing 
agarose gel electrophoresis compared to arbitrary markers such as RAPD, 
it is highly reproducible due to the use of longer primers, these primers 
were designed following the short conserved region flanking the initial 
codon (ATG), it is a targeted molecular marker technique with one part of 
a functional gene markers generated from SCoT marker technique and 
their corresponding traits [32]. The present study aims to compare three 
varieties of garlic (Sids 40, Sids 50 and Chinese) generally available in 
Egyptian markets based on their morphology, bioactive components, 
volatile profiles of essential oils, DPPH% radical-scavenging activity 
(IC50) and determine the genetic diversity in different of the three garlic 
varieties and to investigate the genetic distances between them. 

 

Materials and Methods 

Plant material  

Garlic bulbs (Allium sativum L.) were supplied by Sids Horticultural 
Research Station, Beni-Suef governorate, Egypt at 2020. Garlic cultivar, 



 

 

commonly known as varieties Sids 40 and Sids 50, and Chinese variety 
from local market (Table.1). 

Table (1): The morphological descriptions of three garlic varieties bulb 

Garlic 
varieties 

Bulb 
(cm) 

Weight 
(g) Shape Colour of 

tunic 
No.of 

bulblets 
Clove size 

(cm) 
Weight 

(g) 

Sids 40 3.7 - 4.3 32.51 - 53.84 Round 
Opaque 
white 
purple 

12 - 15 1.33 x 3.72 2.67 - 5.08 

Sids 50 3.1 - 3.9 31.06 - 46.11 Round Pinkish 
white 8 - 11 1.04 x 2.34 2.02 - 3.25 

Chinese 1.9 - 2.8 8.12 - 9.07 Oval  white 6 - 9 0.91 x 1.76 0.82 - 1.03 

 

Preparation of Garlic 
                                                                                                                                        
Fresh garlic was cleaned and dried in a tray dryer at 45°C until the weight 
was constant. Next, the dried garlic was crushed into powder and stored in 
a closed container before use. 

Extraction of the volatile oil of garlic by hydro-distillation   

Fresh Garlic (Sids 40, Sids 50 and Chinese) were washed with tap water 
and cut into small size before mixing with distilled water by using 1:3 ratio 
(by the weight). After that, petroleum ether was added to the mixture at the 
ratio of 10:1 (mL/L) of water. The mixture was distilled at 100°C for 2.5 h. 
After distillation, the water fraction was remove. Then, sodium anhydrous 
was added in order to remove the excess water [33]. 

Analysis of chemical composition of garlic essential oil by (GC-MS) 

Chemical composition of Garlic oils (Sids 40, Sids 50 and Chinese) were 
analyzed by using Gas Chromatography-Mass Spectrometry (GC-MS) at 
Central Laboratories Network, National Research Centre, and Cairo, 
Egypt. The analysis was performed using Agilent Technologies 7890A GC 
System, 5975C inert XL EI/el MSD with triple-axis detector and GC 
sampler 80 using HP 5 MS Ultra Inert type (30 m × 250 µm × 0.25 µm) 
column, using He as carrier gas, sample injection volume was 0.1 µl. The 
oven temperature was 60°C hold for 4 min, 250°C at 20°C/min hold for 1 
min.The identification of the various components was determined by 
comparing the spectral fragmentation patterns with those stored in the 
Wiley and NIST mass spectral library databases. 
 
 

 



 

 

Measurement of the total phenolic content  

The total phenolic compound content in the garlic extract was determined 
using the Folin-Ciocalteu reagent according to the method of Singleton and 
Rossi [34]. The absorbance of sample was measured at 740 nm. The total 
phenol content was calculated based on GA (Gallic acid) standard curve. 
The total phenol content was expressed as mg / ml Gallic acid equivalent 
(GAE). 

Quantitative and qualitative analysis of total phenolics content by 
HPLC 

Garlic extract samples were analyzed with a Varian Pro-Star HPLC 
according to [35]. The mobile phase consisted of 4.5% acetic acid (solvent 
A) and 50% acetonitrile (solvent B); the solvents were applied at a flow 
rate of 0.8 mL/min. The column was washed with 50% acetonitrile at the 
end of the gradient and equilibrated to the initial state for 10 minutes. The 
gradient elution was used as follows: (from 0 – 90 min), 0 min, 92% A; 30 
min, 70% A; 45 min, 60% A; 80 min, 60% A; 82 min, 0% A; 85 min, 0% 
A; 86 min, 92% A; and 90 min, 92% A. Detection was done at 270 and 
370 nm. Spectral analysis and comparison of spectral retention times 
allowed to identify the phenols in the sample. The quantitative 
determinations were carried out with the external standard calculation, 
using calibration curves of the standards.  

 

Analysis of alliin content by spectrophotometry 

The alliin content was analysed using the spectrophotometry method with 
some adaptations [36]. In short, garlic essential oil (4 µl) was incubated 
with 1.1 × 10-4 M of mercaptopyridine (4- MP) in 50 mM buffer of 
sodium phosphate buffer, pH 7.2, and containing alliinase. The decrease in 
the optical density (OD) at 324 nm was determined after 30 min of 
incubation at room temperature. The alliin concentration was calculated 
using the following equation:  

[alliin] = ΔA324 × dilution × [εM]-1 

where ΔA324 = [OD without extract] − [OD with extract] 

 εM = Molar extinction coefficient at 324 (4MP) = 19,800 

 



 

 

DPPH% radical-scavenging activity  

DPPH radical scavenging was analyzed according to [37].Each garlic 
extract (1 mL, concentrations 2.5, 5.0, 10.0, and 20.0 mg / mL) was mixed 
with 1 mL of 25 mmol / L DPPH solution in 96% ethanol. After incubating 
for 30 minutes at room temperature, the absorbance of the sample was 
measured at λ = 515 nm using 96% ethanol as a blank of sample. 

 Ascorbic acid (AA) was used as a positive control. % DPPH was 
calculated for each sample based on the equation: 

DPPH% = [1 – (AS/AC)] x 100 % 

(AS) absorbance of the sample; (AC) absorbance of the control (DPPH 
solution). The IC50 value was defined as an effective concentration of total 
phenolics that is required to scavenge 50% of radical activity. 

ABTS+ radical-scavenging activities 

 Scavenging of ABTS+ free radical was evaluated according to [38]. The 
garlic extract (20 µL, conc. 0.125, 0.5, 1.0, 1.5 and 2.5 mg/mL) was mixed 
with 980 µL of a diluted ABTS+ solution and incubated for 10 min. The 
decrease in ABTS+ absorbance was measured at λ=734 nm using distilled 
water as a blank. Ascorbic acid (AA) was used as a positive control. The 
percentage of ABTS+ scavenging was calculated based on the equation:                                                                                                                                  

% of ABTS+ = [(1 – (AS/AC)] x 100 % 

Where: (ABTS+ solution); Absorbance of the sample (AS); Absorbance of 
the control (AC). IC50 value was defined as an effective concentration of 
total phenolics that is required to scavenge 50% of ABTS+ radicals. 

Fe2+ chelation assay  

The chelation of iron (II) ions by garlic extracts was measured according to 
[39]. Follow, Absorbance was measured at λ = 562 nm. Used as a positive 
control was EDTA. Chelation activity was estimated as the rate % of 
inhibition of ferrosin-Fe2+ complex formation using this formula: 

% of Fe2+ = [1 – (AS/AC)] x 100 % 

where: Absorbance of the sample (As); Absorbance of the control (Ac). 
The IC50 value was defined as an effective concentration of total phenolics 
in the extract from 1 g of raw garlic which is required to chelate 50% of 
Fe2+ ions. 



 

 

Cu2+ chelation assay  

Copper chelating activity was measured according to the method [40]. 
Used as a positive control was EDTA. The ability to chelate copper ions 
was calculated using the following formula:  

% of Cu2+ = [1 – (AS/AC)] x 100 % 

where: (AS) absorbance of sample; (AC) absorbance of control. The IC50 

value was defined as the amount of total phenolics in the extract from 1 g 
of raw garlic that is required to chelate 50% of Cu2+ ions. 

Statistical analysis and experimental design  
All measurements were conducted in three replicate. Data were reported as 
mean standard deviation (± SD). Analysis of significant differences among 
means were tested by one way ANOVA followed by L.S.D to compare 
treatment means at a probability level of 0.05 as illustrated by [41]. 

DNA isolation 
Genomic DNA was isolated from fresh leaves by DNeasy plant mini kit 
(biobasic). DNA quality was checked using spectrophotometer and agarose 
gel electrophoresis. 
 
Polymerase chain reaction 
Genomic DNA was used as a template for PCR amplification using 10 
SCoT primers which were designed by [31], depending on the consensus 
sequence derived from the previous studies by [42] and [43] (Table.2 ) and 
procured from Biobasic Com. All SCoT primers used in this study were 
18-mer and were from Dataset-I which based on highly expressed gene. 
Dataset-I were first identified by comparing 36 genes, typically known for 
a high level of expression in plants on the basis of several individual 
studies using expressed sequence tags (ESTs) [44]. They were reported 
based on the abundance of their transcripts and the encoded protein 
products in plant tissues as described by [43].  For SCoT primers design, 
the start codon ATG (+1, +2, and +3), ‘G’ at position +4, ‘C’ at position 
+5, and A, C, C and A at positions +7, +8, +9 and +10, respectively, were 
fixed (5´———ATGGCTACCA—3´).Amplification reactions for SCoT 
techniques were performed as described by [45] and were carried out in 
Techni TC-512 Thermal Cycler as follows: One cycle at 94°C for 4 min 
followed by 40 cycles of 1 min at 94°C, 1 min at annealing temperature 
57°C  and 2 min at 72°C, followed by 72°C for 10 min, the reaction was 
finally stored at 4°C. 
 
 



 

 

 

Table (2): List of the primer names and their nucleotide sequences 

used in the study for SCoT procedures. 

 
Gel electrophoresis 
Amplified products were separated on a 1.5% agarose gel with ethidum 
bromide and 100 bp to 1.5 kb ladder markers.The run was carried out for 
about 30 min at 100 V in mini submarine gel BioRad. 
 
Gel reading and analysis 
DNA banding pattern photos were photographed using Bio-1DGel 
Documentation system and were analyzed by Gel Analyzer 3 software. 
Clear bands were scored as present (1) or absent (0) for each primer and 
entered in the form of a binary data matrix to calculate genetic similarity 
and to construct dendrogram tree among the studied apricot strains A 
dendrogram showing the genetic relationships between accessions based 
on the unweighted pair group method using the arithmetic mean was 
created using (UPGMA). Calculation was achieved using Dice similarity 
coefficients [46] as implemented in the computer program SPSS-10. 
 

Results 

Chemical composition of garlic oil, phenol content (µg/g) and Alliin 
content (mg 100/ml):  

The results in Table (3) indicate that the main components (Methyl 
2-propenyl disulfide, 1,3-Dithiane, Dimethyl trisulfide, Diallyl disulphide, 
(Methylthio)-acetonitrile and Dimethyl Tetrasulfide) of garlic oil were as 
follows: 91.53% of  Sids 50 variety, followed by the Chinese variety 
91.01%, then 90.38% for Sids 40 variety. It is clear from these results that 

No Primer code Sequence No Primer code Sequence 

1 SCoT 2 5´ CAACAATGGCTACCACCC 3  ́ 6 SCoT 8 GCTACCACGT3`ATG5´CAACA  

2 SCoT 3 5´ CAACAATGGCTACCACCG  3´ 7 SCoT 9 5´ACA ATG GCT ACC ACT GCC3` 

3 SCoT 4 3´ G CTA CCA CTA GCGATGCA 5´  8 SCoT 10 5´ACA ATG GCT ACC ACC AGC3` 

4 SCoT 5 3´  G CTA CCA CTA GCGATGCA 5´ 9 SCoT 12 5´ACGACATGGCTACCAACG3` 

5 SCoT 6 3´ G CTA CCA CTA CAGATGCA 5´ 10 SCoT 15 5´CCATGG CTA CCA CCG GCT3` 



 

 

Sids 50 variety gave the highest percentage the main components 
compared to both varieties Sids 40 and Chinese.  

 The results in Table (4) show, in general, that the garlic variety Sids 
40 was distinguished by its content of phenols compared to both varieties 
Sids 50 and Chinese. On other hands the results indicated that the phenol 
content of the three garlic varieties were arranged in terms of their phenol 
content from highest to lowest, as follows: Sids 40 (396.50 µg/g), Sids 50 
(366.58 µg/g) and Chinese (296.92 µg/g). The results also indicate that the 
highest content of phenols for the three garlic varieties (Sids 40, Sids 50 
and Chinese) were as follows p-Hydroxy-benzoic acid (ranged from 
171.39 to 187.44 µg/g), (+)-Catechin (51.14 to 96.15µg/g), Syringic acid 
derivatives (83.33 to 49.54 µg/g), Epicatechin (12.33 to 17.36µg/g), Gallic 
acid (4.33 to 7.21µg/g) and p-Coumaric acid (2.06 to 3.54 µg/g). 

The results showed that the Alliin content in garlic oil extracts to the 
three varieties in Table (5). The highest of Alliin content,  was Sids 40 
with a content of 91.53 mg 100/ml, followed by the Chinese variety at a 
content of 88.70 mg 100/ml, and the least of them was Sids 50 with a 
content 60.43 mg 100/ml. 

 

Table (3): Chemical composition of garlic oil (Sids 40, Sids 50 and Chinese) analyzed by GC-MS 
RT 

(min) Compound Name Sids 40 
Compound % 

Sids 50 
Compound% 

Chinese 
Compound% 

3.91 (Z)-3-Hexen-1-ol 0.36 0.42 0.37 
5.58 Methyl 2-propenyl disulfide 26.21  28.14 27.07 
6.15 1,3-Dithiane 12.18  12.26 12.19 
8.39 Dimethyl trisulfide 37.50 37.34 37.48 

11.21 Diallyl disulphide 4.04 4.22 4.01 
11.38 2-Vinyl-1,3-dithiane 0.41 0.38 0.40 
11.75 1-Oxa-4,6-diazacyclooctane-5-thione 4.01 3.21 3.25 
12.21 Nonanal 0.68 0.70 0.77 
12.87 Methyl (methylthio) methyl Disulfide 0.35 0.37 0.35 
13.51 (Methylthio)-acetonitrile 7.91  7.86 7.89 
13.98 (Z)-1-(methylthio)-1-Propene 0.77 0.72 0.76 
14.33 Allyl methyl Sulfide 0.56 0.65 0.66 
16.14 Dimethyl Tetrasulfide 2.54  1.71 2.37 
17.32 N,N-dimethyl-Methanethioamide 0.72  0.34 0.69 
19.14 Di-2-propenyl Trisulfide 0.25 0.27 0.31 
20.91 tert-Butly methyl sulfoxide 0.26 0.27 0.29 
23.68 S-Methyl methanethiosulfinate 0.41  0.33 0.35 

33.85 2,2,7,7-tetramethyl- 3-Oxa-6-thia-2,7-
disilaoctane 0.84 0.81 0.79 

Total - 100 100 100 
 

 

 



 

 

 

 

  Table (4). Content of phenolic compounds (µg/g) in aqueous extracts from garlic (Sids 40, Sids 50 and 
Chinese). 

Garlic varieties Gallic acid Syringic acid 
derivatives (+)-Catechin p-Coumaric 

acid 
p-Hydroxy-
benzoic acid Epicatechin Total (sum) 

Sids 40 7.21±0.29 85.23±0.28 96.15±0.34 3.11±0.22 187.44±0.39 17.36±0.25 396.50 

Sids 50 5.78±0.39 79.67±0.16 84.57±0.24 3.54±0.15 179.59±0.27 13.43±0.27 366.58 

Chinese 4.33±0.31 55.14±0.35 51.67±0.66 2.06±0.13 171.39±0.31 12.33±0.32 296.92 

L.S.D 0.05 1.04 5.35 5.93 0.83 6.82 2.69  

All values are expressed as mean ±SD (standard deviation) for three replicates. 

 

  Table (5).  Comparisons of Alliin content (mg 100/ml) in garlic bulbs varieties (Sids 40, Sids 
50 and Chinese). 

Garlic varieties Alliin content  (mg 100/ml) 

Sids 40 91.53 ± 0.11 

Sids 50 60.43 ± 0.18 

Chinese 88.70 ± 0.20 

L.S.D 0.05 2.54 
All values are expressed as mean ±SD (standard deviation) for three replicates. 

 

Free radical scavenging capacity 

The free radical scavenging activity was compared with the content of total 
phenolic compounds and expressed as the IC50 value, defined as µg of 
phenolics in the extract from 1 g of raw garlic which are able to scavenge 
50% of the analyzed free radicals (Table 6). The antioxidant potential of 
garlic extracts was evaluated using DPPH and ABTS+ stable free radical 
scavenging assays. In both assays, the highest radical scavenging activity 
was observed for the extract from Sids 40 garlic extraction, i.e. 5.26 µg/mL 
for DPPH and 0.83 µg/mL for ABTS+, 0.62 µg/Ml for Fe2+ and 34.51 
µg/mL for Cu2+. In addition, the lowest IC50 values for DPPH scavenging 
were noted for Chinese garlic. Next of variety Sids 40, the two varieties 
came Sids 50, then the Chinese variety, and the Chinese gave the lowest 
value for IC50. The results for the three varieties (Sids 40, Sids 50 and 
Chinese) indicated that the IC50 value were arranged as follows: Sids 40, 



 

 

Sids 50 and Chinese. Ion chelation activity the ability to chelate Fe2+ and 
Cu2+ ions was compared among the analyzed extracts of Garlic varieties 
(Sids 40, Sids 50 and Chinese). The obtained data are displayed as the IC50 
values, defined as the concentration of phenols in each extract from garlic 
extracts that is required to chelate 50% of Fe2+ or Cu2+ ions (Table 6). The 
highest Fe2+ chelation ability was noted for garlic extract by methanol, 
with the lowest IC50 values of 0.62, 0.69 and 0.83 µg/mL, Sids 40, Sids 50 
and Chinese respectively. The highest Cu2+ chelating ability was noted for 
garlic extract for Garlic varieties (Sids 40, Sids 50 and Chinese) (34.51, 
38.27 and 41.82 µg/mL, respectively).  

In general, the results show that the IC50 value were arranged for the 
three varieties as follows, the highest was Sids 40 followed by Sids 50 and 
Chinese. 

Table (6). IC50 value for antiradical activity against DPPH and ABTS+ and the ability to chelate Fe2+                          
                   and Cu2+ ions determined for garlic extracts (Sids 40 and Sids 50) (µg/mL). 

Garlic Extracts 
DPPH ABTS+ Fe+2 Cu+2 

IC50 (µg/mL) 

Sids 40 5.26±0.04 0.83±0.03 0.62±0.01 34.51±2.16 

Sids 50 5.83±0.03 0.75±0.02 0.69±0.03 38.27±2.21 

Chinese 6.57±0.07 0.96±0.04 0.83±0.04 41.82±2.08 

Positive control 1 0.78±0.02 1 0.14±0.05 2 0.42±0.02 2 0.38±0.33 

L.S.D 0.05 0.0083 0.0054 0.0073 0.0721 

1 ascorbic acid (AA) was used as a positive control;  2 ethylenedinitrilotetraacetic acid (EDTA) was used as                             
                                       a positive control. All values are expressed as mean ±SD (standard deviation) for three 

replicates.  

 

Molecular genetic identification 

Start Codon Targeted (SCoT) Technique: 

           Ten primers were used for amplifying the SCoT-PCR patterns listed 
in Table (2). A total of 121 amplified products were scored. In which 73 
were polymorphic exhibiting 60.33% polymorphism. The molecular sizes 
of patterns profile were ranged between 150 to 1464 bp scored in Table 
(7). Fig. (1) Showed comparative DNA profile in which the three different 
genotypes of Allium sativum L., showed common and differentiating 
patterns with different primers. The primers SCoT2, SCoT15 and SCoT4 
exhibited low level of polymorphism (25.0%, 33.3% and40%) 
respectively. On the other hand the primers SCoT8, SCoT10, SCoT3 and 



 

 

SCoT5 exhibited moderate levels of polymorphism (58.4%, 64.7%, 75% 
and 75%) respectively. However SCoT12 (83.3%) and SCoT9 (82.4%) 
primers exhibited high levels of polymorphism. The primer SCoT6 has no 
polymorphism.  

Table (7) showed some SCoT primers revealed specific patterns. One 
specific band sized1300 bp in clone 3 was produced using MPST11 
primer. One specific band sized 650 bp was produced by MPST12 primer 
in clone 2. Three specific bands were obtained in clone 2 at 550 bp, 650 
bp, and 1700 bp by using MPST14. These results exhibit the potential use 
of SCoT marker to recognize Allium sativum genotypes and differentiate 
between them.   

 

Table (7): Molecular data estimated from banding patterns of SCoT technique. 

Primers code Range of 
M.S. 

TAF MF PF SM Polymorphism 

(%) 

SCoT primers  

SCoT 2 150-635 

 

12 9 3 1 (414)-(0)-(0)bp 25.0 

SCoT 3 167-456 

 

8 2 6 3 (422,198)-(410)-(0)bp 75.0 

SCoT 4 174-532 

 

10 6 4 1 (0)-(417)-(0)bp 40.0 

SCoT 5 176-952 12 3 9 5   (952,446)-(907,475,315)-(0) bp 75.0 

SCoT 6 232-303 3 3 0 0   (0) bp 0 

       

SCoT 8 163-540 12 5 7 5(271)-(489,377,294)-(298)bp 58.3 

SCoT 9 187-900 17 3 14 9(494,404,293)-(481,432,305)-
(520,340,313)bp 

 

82.4 

SCoT10 153-1185 17 6 11 6   (0)--(0)(1113,833,640,324,212,153) bp 64.7 

SCoT 12 174-1464 18 3 15 10(0)-(1464,807,704,544,480,422,275)-
(783,371,188) bp 

83.3 

SCoT 15 158-1069 12 8 4 3 (700)-(273)-(1069)bp 33.3 

Total  121 48 73 43  



 

 

 

SCoT4 primer produced ten fragments with molecular size ranging 
from174 to 532 bp (Fig. 1). Four fragments were polymorphic (40%) and 
one of them was species - specific markers at (417) bp for Sids 40 
genotype, while the other six fragments were present in all genotypes 
which are considered as common fragments.SCoT5 primer produced 
twelve fragments with molecular size ranging from176 to 952 bp (Fig. 1). 
Nine fragments were polymorphic (75%) and five of them was species - 
specific markers at (952,446) bp for China genotype and at (907,475,315) 
bp for Sids 40, while the other three fragments were present in all 
genotypes which are considered as common fragments.   SCoT 6 primer 
produced three fragments with molecular size ranging from 232 to 303 bp 
(Fig.1). None fragments were polymorphic (0%) and three fragments are 
considered as common fragments.   SCoT 8 primer produced twelve 
fragments with molecular size ranging from163 to 540 bp (Fig.1). Seven 
fragments were polymorphic (58.3%) and five of them was species - 
specific markers at (271) bp for China genotype, at (489,377,294) bp for 
Sids 40 and (298)bp for Sids 50 , while the other five fragments were 
present in all genotypes which are considered as common fragments. SCoT 
9 primer resulted in seventeen fragments with molecular size ranging 
from187 to 900 bp (Fig.1). Fourteen fragments were polymorphic (82.4%) 
and nine of them was species - specific markers at (494,404,293) bp for 
China genotype, at (481,432,305) bp for Sids 40 and (520,340,313)bp for 
Sids 50 , while the other three fragments were present in all genotypes 
which are considered as common fragments. SCoT 10 primer resulted in 
seventeen fragments with molecular size ranging from 153-1185bp (Fig.1). 
Eleven fragments were polymorphic (64.7%) and six of them was species - 
specific markers at (1113, 833,640,324,212,153) bp for Sids 50, while the 
other six fragments were present in all genotypes which are considered as 
common fragments. SCoT 12 primer resulted in eighteen fragments with 
molecular size ranging from 174-1464bp (Fig.1).  Fifteen fragments were 
polymorphic (83.3%) and ten of them was species - specific markers at 
(1464, 807,704,544,480,422,275) bp for Sids 40 genotype and at 
(783,371,188) bp for Sids 50, while the other three fragments were present 
in all genotypes which are considered as common fragments.   SCoT 15 
primer resulted in twelve fragments with molecular size ranging from 158-
1069 bp (Fig.1).  Four fragments were polymorphic (33.3%) and eight of 
them was species - specific markers at (700) bp for China genotype, at 
(273)bp for Sids 40 genotype and at (1069) bp for Sids 50, while the other 



 

eight fragments were present in all genotypes which are considered as 
common fragments.    

 

 

 
  

   

   



 

 
1=China           2=Sids 40            3-Sids 50 

Fig. (1): SCoT-PCR analysis of different garlic verities cultivated under Egyptian condition. 
(second season) 

Genetic similarity and cluster analysis based on SCoT markers  

The SCoT data were used to estimate the genetic similarity values among 
the three genotypes of Garlic by using UPGMA computer analysis (Table 
8 and Fig.2). The highest similarity value (1.00) was recorded between 
Sids 40 genotypes and Sids 50 genotypes, while the lowest similarity value 
(0.610) was recorded between China genotypes and Sids 50 genotypes. On 
the other hand there was no similarity between China genotypes and Sids 
40 genotypes. 

Table ( 8 ):  Similarity value (Pairwise comparison) of Garlic verities 
genotypes based on SCoT data 

 China Sids 40 
China 1.000  
Sids 40 0.000 1.000 
Sids 50 0.610 1.000 
 

            A dendrogram for the genetic relationship among the three 
genotypes of Garlic genotypes is exhibited in Fig. (2), which separated 
them into two major groups. The first group included China and Sids 40 
genotype, while the second group included only Sids 50 genotype. 

 



 

 
Fig. (2): A dendrogram illustrates the genetic distance for Garlic verities verities genotypes based on 
SCoT data 

 

Discussion 

         The results indicate that Sids 40 variety was distinguished in its 
content of bioactive substances in the essential oil, compared to the other 
two varieties, Sids 50 and the Chinese variety, as well as distinguished in 
its content of alliin, and this is in agreement with the results (47). The 
highest radical scavenging activity was observed in the extract from garlic 
extract Sids 40.  It is 5.26 µg / mL for DPPH, 0.83 µg / mL for ABTS+, 
0.62 µg / mL for Fe2+, and 34.51 µg / mL for Cu2+. In addition, the lowest 
IC50 value for DPPH scavenging was found in Chinese garlic, next to the 
Sids 40 variety. These results come as a reflection of the high total content 
of phenolic substances in the garlic variety Sids 40. The current study 
confirms the results of several studies that showed the relationship of total 
phenols content in the plants to the activity and level of antioxidants (48, 
49).       In this study, the results showed significant differences between 
the three genotypes of cultivated Allium sativum. The highest percentage of 
polymorphism was 83.3 % with SCoT 12 primers and the lowest was 
25.0% with SCoT 2 primers. The level of polymorphism was 
comparatively higher than previous studies 82.5% in buck wheat (50).The 
genetic similarity percentage of genomic DNA using SCoT marker ranged 
from 61% to 100% as were showed in Table ( 8 ). This DNA marker 
technique considered as a useful tool for identifying population of the same 
species on a wide range of plants (31). It was validated in the model rice 
species Oryza sativa to fingerprint a small diverse set of rice genotypes. 
The percentage of polymorphic loci generated by using this effectiveness 
marker system in Dendrobiumnobile Lindl as an endangered medicinal 
orchid species was ranged from 25 to 56.82% and cluster analysis revealed 
high genetic variation among the genotypes according to (32). DNA 
profiling was revealed best results in M. piperita as compared to other 
Mentha species using SCoT marker analysis for correlating their similarity 



 

 

and distances between species (51). They estimated the genetic similarity 
between them ranged from 25.7% to 45.5% based on previous studies, 
their results proved the accuracy of SCoT marker system in estimating the 
genetic diversity 

Conclusions   

Garlic variety (Sids 40) crude extracts exhibited very promising in content 
bioactive content and antioxidant activity. This study indicated that 
genotype gave different profiles of bioactive compounds and this is 
reflected in the content of garlic varieties of bioactive active substances. 
However, considering the higher content of bioactive alliin, garlic (Sids 
40) can be considered as the potential cultivar that can be used as raw 
material in food supplements and for further study. The study 
demonstrated SCoT markers were accurate and sensitive in differentiating 
and identification between varieties. Our results found that garlic variety 
(Sids 40) had 19 specific markers, it may be explain why this variety was 
distinguished in its content of bioactive substances in the essential oil, 
compared to the other two varieties  

 

 

REFERENCES 

 

[1] Abou El-Magd, M.; El-Shourbagy, T. and Shehata,M. A comparative study on 
the productivity of four Egyptian garlic cultivars grown under various organic 
material in comparison to conventional chemical fertilizer. Aust. J. Basic Appl. 
Sci., 2012, 6 (3): 415-421.  

[2] White D. Healthy uses for garlic. Nurs Clin North Am. 2020; 56(1):153-156.  
[3] Shang A.; Cao, S. and Xu, X. Bioactive compounds and biological functions of 

garlic (allium sativum L.). Foods. 2019; 8(7):246. 
[4] FAO, Statistical Database of the United Nation Food and Agriculture 

Organization (FAO) Statistical Division. Rome, 2019. 
[5] Moyers, S. History of garlic. Garlic in Health, History and World Cuisine. 

1996; 1–36 Suncoast Press St. Petersburg, FL. 
[6] Challier, B.; Perarnau, J. and Viel, J. Garlic, onion and cereal fiber as 

protective factors for breast cancer: a French case-control study. Eur. J. 
Epidemiol. 1998; 14, 737–747. 

[7] Amagase, H.; Petesch, B.; Matsuura, H.; Kasuga, S. and Itakura, Y. Intake of 
garlic and its bioactive components. J. Nutr. 2001; 131, 955S–962S. 

[8] Fleischauer, A. and Arab, L. Garlic and cancer: a critical review of the 
epidemiologic literature. J. Nutr. 2001; 131, 1032S–1040S. 



 

 

[9] Haggard, H. and Greenberg, L. Breath odors from alliaceous substance: cause 
and remedy. J. Am. Med. Assoc. 1935; 104, 2160–2163 (1935).  

[10] Khanum, F.; Anilakumar, K. and Viswanathan, K. Anticarcinogenic properties 
of garlic: a review. Crit. Rev. Food Sci. 2004; 44, 479-488 

[11] Salman, H.; Bergman, M.; Bessler, H.; Punsky, I. and Djaldetti, M. Effect of a 
garlic derivative (alliin) on peripheral blood cell immune responses. Int. J. 
Immunopharmacol. 1999; 21, 589-597. 

[12] Ana, L.; Colın-Gonz, A.; Ricardo, A.; Santana,I.; Carlos, A.; Silva, I.; Maria, 
E.; Chanez, C.; Abel, S. and Perla, D. The Antioxidant Mechanisms 
Underlying the Aged Garlic Extract and S-Allylcysteine-Induced Protection  L. 
Oxidative Medicine and Cellular Longevity Volume 2012; Article ID 907162, 
16 pages 

[13] FAO (2004). Scientific facts on genetically modified crops. Fenwick, G. and 
Hanley, A. The genus Allium-part 1. Critical Reviews in Food Science and 
Nutrition, 1985; 22, 199–271. 

[14] Gupta, P.; Varshney, R.; Sharma, P. and Ramesh, B. Molecular markers and 
their applications in wheat breeding. Plant Breed. 1999; 118:369-90. 

[15] Semagn, K.; Bjornstad, A. and Ndjiondjop, M. An overview of molecular 
marker methods for plants. Afr. J. Biotechnol. 2006; 5:2540-68. 

[16] Ipek, M.; Ipek, A. and Simon, P. Comparison of AFLPs, RAPD markers, and 
isozymes for diversity assessment of garlic and detection of putative duplicates 
in germplasm collections. J. Amer. Soc. Hort. Sci.2003; 128:246-252. 

[17] Khar, A.; sha Devi, A. and Lawande, K. Analysis of genetic diversity among 
Indian garlic (Allium sativum L.) cultivars and breeding lines using RAPD 
markers. Indian J. Genet.2008; 68(1): 52-57. 

[18] Jabbes, N.; Geoffriau, E.; Clerc,D.; Dridi,B. and Hannechi,H. Inter simple 
sequence repeat fingerprints for assess genetic diversity of Tunisian garlic 
populations. J. of Agri. Sci., (Toronto).2011; 3(4):77- 85. 

[19] El-Nagar, M. and El-Zohiri, S. Physiological and Biotechnological Studies on 
Some Local and Foreign Garlic Genotypes. Paripex Indian Journal of Research, 
2015; 4 (7): 6-11. 

[20] Gehan, M.; Anwar, A.; Rasha, K.; Helmey,A. and Moustafa, Y. Genetic 
diversity among some species of the genus allium L. using SSR and ISSR 
markers. Egypt. J. Genet. Cytol.2017; 46: 221-233. 

[21] Rakesh, S.; Malik, S.; Kumar, M. and Sirohi, A. Assessment of genetic 
diversity in garlic (Allium sativum L.) genotypes based on ISSR markers. 
Journal of Pharmacognosy and Phytochemistry.2018; 7(2): 3119-3124. 

[22] Morales, R.;  Resende,J.; Resende, F.; Delatorre, C.; Figueiredo,A. and Silva,P. 
Genetic divergence among Brazilian garlic cultivars based on morphological 
characters and AFLP markers. Genet. and Mole. Res.2013; 12(1): 270-281 

[23] Jo, M.;  Ham,I; Moe,K; Kwon,S; Lu, F.; Park, Y.; Kim, W.; Won, M.; Kim, T.  
and Lee, E. Classification of genetic variation in garlic (Allium sativum L.) 
using SSR markers. Australian J. of Crop Sci. 2012; 6(4): 625-631 

[24] Williams, J.; Kubelik, A.; Livak, K.; Rafalski, J. and Tingey, S. DNA 
polymorphisms amplified by arbitrary primers are useful as genetic markers. 
Nucleic Acids Res. 1990; 18:653-5. 

[25] Blair, M.; Panaud, O. and McCouch, S. Inter-simple sequence repeat (ISSR) 
amplification for analysis of microsatellite motif frequency and fingerprinting 
in rice (Oryza sativa L.). Theor. Appl. Genet.1999; 98:780-92. 

[26] Vos, P.; Hogers, R.; Bleeker, M.; Reijans, M.; Van de Lee, T. and Hoernes, M. 
AFLP: a new technique for DNA fingerprinting. Nucleic Acids Res. 1995; 
23:4407-14 



 

 

[27] Gostimsky, S.; Kokaeva, Z. and Konovalov, F. Studying plant genome 
variation using molecular markers. Russ. J. Genet. 2005; 41:378-88. 

[28] Gupta, P. and Rustgi, S. Molecular markers from the transcribe/expressed 
region of the genome in higher plants. Functional & Integrative Genomics, 
2004; 4: 139- 162. 

[29] Li, G. and Quiros, C. Sequence related amplified polymorphism (SRAP), a new 
marker system based on a simple PCR reaction: Its application to mapping and 
gene tagging in Brassica. Theoretical and Applied Genetics, 2001; 103: 455-
461. 

[30] Chen, S.; Zhou, Q.; Chen, Y.; Du, J. and Meng, H. Analysis of the genetic 
diversity of garlic (Allium sativum L.) germplasm by SRAP. Bio- chem. Syst. 
Ecol., 2013; 50:139- 146. 

[31] Collard, B. and Mackill, D. Start codon targeted (SCoT) polymorphism: a 
simple novel DNA marker technique for generating gene-targeted markers in 
plants. Plant Mol. Biol. Rep. 2009; 27:86-93 

[32] Bhattacharyya, P.; Kumaria, S.; Kumar, S. and Tandon, P. Start Codon 
Targeted (SCoT) marker reveals genetic diversity of Dendrobium nobile Lindl. 
An endangered medicinal orchid species. Gene, 2013; 529: 21-26. 

[33] Erich, K. Handbook of Laboratory Distillation with an Introduction to Pilot 
Plant Distillation. 1982, Publish& in co-edition with VEB Deutmher Verlag der 
Wissenechaftan, Berlin.  

[34] Singleton, V. and Rossi,J. Colorimetry of total phenolics with 
phosphomolybdic-phosphotungstic acid reagents. Am. J. Enol. Vitic. 1965; 16, 
144–158. 

[35] Swieca, M and Baraniak, B. Nutritional and antioxidant potential of lentil 
sprouts affected by elicitation with temperature stress. J. Agric. Food Chem., 
2014; 62, 3306–3313. 

[36] Miron, T., Shin, I., Feigenblat, G., Weiner, L., Mirelman, D., Wilchek, M., and 
Rabinkov, A. A spectrophotometric assay for thiosulfinate, alliin, and allinase 
(alliin lyase) with a chromogenic thiol: reaction of 4-mercaptopyridine with 
thiosulfinates. Anal. Biochem. 2002; 307, 76-83. 

[37] Brand-Williams W.; Cuvelier, M. and Berset, C. Use of a free radical method 
to evaluate antioxidant activity. LWT – Food Sci. Technol., 1995; 28, 25–30. 

[38] Re,R.; Pellegrini, N.; Proteggente, A.; Pannala, A.; Yang, M. and Rice, E. 
Antioxidant activity applying an improved ABTS radical cation decolorization 
assay. Free Radic. Biol. Med., 1999; 26, 1231–1237. 

[39] Decker, E. and Welch, B. Role of ferritin as a lipid oxidation catalyst in muscle 
food. J. Agric. Food Chem., 1990; 38, 674–677. 

[40] Torres-Fuentes C.; Alaiz, M. and Vioque, J. Affinity purification and 
characterisation of chelating peptides from chickpea protein hydrolysates. Food 
Chem., 2011; 129, 485–490. 

[41] Snedecor, G. and Cochran, W. Statistical Methods. Sixth Edition, Iowa State 
College Press, Ames, Iowa, USA; 1974. 

[42] Joshi, C.; Zhou, H. and Huang, X. Context sequences of translation initiation 
codon in plants. Plant Mol Biol. 1997; 35:993–1001. 

[43] Sawant, S.; Singhl, P. and Gupta,S. Conserved nucleotide sequences in highly 
expressed genes in plants. J Genet. 1999; 78:123–131. 

[44] Sasaki, T.; Song, J. and Koga-Ban, Y. Towards cataloguing all rice genes:  
arge-scale sequencing of randomly chosen rice cDNAs from a callus cDNA 
library. Plant J. 1994;6:615–624 

[45] Xiong, F.; Zhong, R. and Han, Z. Start codon targeted polymorphism for 
evaluation of functional genetic variation and relationships in cultivated peanut 
(Arachis hypogaea L.) genotypes. Mol Biol Rep. 2011; 38:3487–3494. 



 

 

[46] Dice, L. Measures of the amount of ecologic association between species. 
Ecology, 1945; 26: 297-302. 

[47] Ahmed,S; Samy, M. and Asmaa, S. Evaluation of some horticultural 
characteristics and allicin content for some garlic genotypes. J. Product. & 
Dev., 2019; 24(4): 905 – 917. 

[48] Sarabjot, K. and Mondal, P. Study of Total Phenolic and Flavonoid Content, 
Antioxidant Activity and Antimicrobial Properties of Medicinal Plants. Journal 
of Microbiology & Experimentation, 2014; 1(1): 00005 

[49] Abdalla, F.; Taher, M.; Sanad, M. and Tadros, K. Chemical Properties, 
Phenolic Profiles and Antioxidant Activities of Pepper Fruits Mennat Ullah. J. 
Agric. Chem. and Biotechn., Mansoura Univ. 2019; Vol. 10(7): 133 – 140. 

[50]   Li, Y.; Fan, X.; Shi, T.  and Zhang, Z. SRAP marker reveals genetic diversity 
in tartary buckwheat in China. Front Agric. China, 2009; 3: 383-387. 

[51] Azza, M.; Engy A. and Ahmed A. Taxonomical studies on four Mentha species 
growing in Egypt through morpho- anatomical characters and SCoT genetic 
markers. Plant archives, 2019; 19 (2): 2273-2286. 

 

 

 


