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ABSTRACT 

This study was designed to evaluate intraspecies 

relationships among garlic (Allium sativum L.) 

genotypes found in some Local Government 

Areas of Lagos, Nigeria, using molecular 

methods. Thirty-two (32) samples of A. sativum 

were collected from six locations covering five 

(5) local government areas (LGA) and one (1) 

Local Council Development Area - LCDA 

(Bariga) in Lagos State and coded namely; 

Ajeromi/ Ifelodun (AI), Alagbado (AL), 

Agbado (AG), Bariga (BA), Ikorodu (IK), and 

Somolu (SO). The molecular study was carried 

out using eight (8) Random amplified 

polymorphic DNA (RAPD) Primers. Results 

from the molecular study showed that only (4) 

RAPD Primers (OPA 03, OPA 07, OPA 12, and 

OPY 20) were amplified. These results obtained 

from the molecular study were scored as 1 

(present) or 0 (absent) and used to generate a 

dendrogram using NTsys (2.0j) computer 

programme which showed complete clustering 

at about 0.67 and a similarity coefficient of 0.76 

for all thirty-two (32) garlic samples used in the 

study. This analysis revealed that RADP 

markers are useful tools in assessing the level of 

genetic diversity of garlic germplasm in Nigeria. 

KEYWORDS: Allium sativum, dendrogram, 

genetic diversity, molecular, Random 

Amplified Polymorphic DNA (RAPD). 

 

INTRODUCTION 

Garlic (Allium sativum L.) is a spicy vegetable 

crop widely cultivated throughout the world 

(Abraham et al., 2019). It is considered a rich 

source of volatile compounds, which are 

responsible for the distinct flavour and the 

bioactive properties of dry bulbs (Petropoulos et 

al., 2018). It is found in middle Asia where it 

has been used as medicine since 2700 BC 

(Petrovska and Cekovska, 2010). There is a 

general belief that the health-related properties 

of fresh garlic extract are mostly attributed to 

sulfur compounds within the plant (Amagase, 

2006; Bhandari, 2012). However, the most 

common non-sulphur compounds of garlic 

including polyphenols also display health 

benefits (Baeto et al., 2011; Bhandari, 2012). 

Phenolic compounds are known to be powerful 

antioxidants. Phenolics, in contrast to several 

garlic sulphur compounds, are more stable and 

might be extracted from fresh, frozen or dried 

plant samples (Dai and Mumper, 2010). 

Interestingly, studies attribute the biological 

properties of garlic to the synergistic action and 

proportion of different phytochemicals 

contained in a garlic clove (Bhandari, 2012). 

Several health benefits of garlic depend on its 

antioxidant activity.  

Garlic extracts and components obtained from 

garlic bulbs were shown to prevent oxidative 

modification of DNA, protein and lipids by 

scavenging reactive oxygen species (ROS), 

increasing the cellular antioxidant enzymes and 

enhancing glutathione levels inside the cells 

(Belloir et al., 2006). Phenolic compounds are 

powerful antioxidants abundant in fruits, 

vegetables and spices. Several epidemiological 

studies indicate a significant correlation 

between a high intake of plant polyphenols in 

diet and preventive effects in terms of cancer, 

cardiovascular and neurodegenerative diseases. 
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Interestingly, contents of biologically-active 

compounds in garlic vary between cultivars 

grown in different geographical regions (Beato 

et al., 2011; Gorinstein et al., 2005).  

Plant molecular biology is the study of the 

molecular basis of plant life. It is particularly 

concerned with the processes by which the 

information encoded in the genome is identified 

and known. Molecular biology concerns the 

molecular basis of biological activities between 

biomolecules in the various systems of a cell, 

including the interaction between DNA, RNA, 

and proteins and their biosynthesis, as well as 

their interactions. Various molecular marker 

techniques such as Random Amplified 

Polymorphic DNA (RAPD), Inter Simple 

Sequence Repeats (ISSRs) and Simple 

Sequence Repeats (SSRs) can be used in the 

molecular characterization of garlic species.   

This study aimed to evaluate genetic diversity in 

some garlic genotypes found in six locations 

including five (5) Local Government Areas and 

one (1) Local Council Development Authority 

(LCDA) of Lagos, Nigeria using Random 

Amplified Polymorphic DNA (RAPD) markers. 

 

METHODOLOGY 

Sample Collection and Preparation 
Garlic samples were collected from six different 

locations in Lagos, Nigeria namely; Somolu 

(SO), Ajeromi Ifelodun (AJ), Ikorodu (IK), 

Bariga (BA), Alagbado (AL),  Agbado (AG). 

These samples were packed in a zip-lock bag 

and were all transported to the College Central 

Research Laboratory, Yaba College of 

Technology. These garlic samples were each 

labelled using codes SO1 to SO22, AJ 31 to 

AJ32, IK 41 to IK42, BA 51 to BA52, AL61 to 

AL62, AG71 to AG72. This was done to 

facilitate better recognition of samples to be 

used, or used sample identification (Table 1). 

 

Table 1: Location details of sample collection. 

 LOCATION LONGITUDE LATITUDE ALTITUDE 

1. Somolu 6°38'6" N 3°23'7" E 20 m 

2. Ajeromi/Ifelodun 6°27'47" N 3°19'19" E 32 m 

3. Ikorodu 6°31'31" N 3°22'11" E 20 m 

4. Bariga 6°92'7" N 3°52'4" E 10 m 

5. Alagbado 6°38'46" N 3°18'24" E 20 m 

6. Agbado 6°38'12" N 3°18'3" E 20 m 
 

DNA Extraction 

DNA was extracted following the Cetyl 

Trimethyl Ammonium Bromide (CTAB) 

method (Murray and Thompson, 1980; 

Ogunkanmi et al., 2010). Sample materials were 

thoroughly washed with detergent and water as 

well as rinsed properly. Afterwards, the glass 

container having the Eppendorf tubes and tips 

were autoclaved at a standard temperature of 

121°C and left to cool for 15 minutes. The 

valves were released and materials removed and 

kept in the oven to dry. 500 ml of pre-warmed 

CTAB isolation buffer was added into the 

mashed garlic samples and was further crushed 

to mix. After it had been ground, it was then 

transferred into pre-labelled Eppendorf tubes 

which were further vortexed to mix properly. 

These crushed samples were incubated in a 

water bath at 60 °C and each sample was 

brought out after 5 minutes, shaken again, and 

returned in the water bath for another 5 minutes. 

100 ml of chloroform/Isoamyl alcohol was 

added, and it was capped and inverted severally 

to mix. Samples were then transferred into the 

micro-centrifuge and set at a speed of 14,000 

rpm for 10 minutes. The DNA-containing upper 

phase (the aqueous solution) was decanted and 

placed in fresh tubes. 170 ml of isopropanol was 

added to the aqueous upper phase and mixed to 

precipitate DNA and the tubes were placed in 

the refrigerator to stand for 5 minutes. 

Thereafter, samples were placed in the 

centrifuged for 10 minutes at 14,000 rpm. 

Afterwards, samples were removed and the 

supernatant was discarded. 1 ml of wash buffer 
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was added to the immiscible DNA pellet, 

swirled using the vortex mixer and incubated for 

5-10 minutes at room temperature. The DNA 

pellets were suspended in 40 ml of sterile 

distilled water. 

 

PCR Optimization and Primer Selection 

Polymerase chain reaction using eight (8) 

Random Amplified Polymorphic DNA (RAPD) 

primers (Table 2) was performed in a thermal 

cycler, programmed for 40 cycles of 1 minute at 

92 °C, 1 minute at 35 °C and 2 minutes at 72 °C. 

These primers were selected randomly in no 

particular order. The PCR reaction products 

were separated by electrophoresis on 1.2% 

agarose gel using a Tris-borate-EDTA buffer 

system, stained with ethidium bromide.  

 

Checking the quality of DNA by Agarose Gel 

Electrophoresis 

50 ml of TBE (Tris-borate-EDTA) was 

measured. 950ml of distilled water was also 

measured and mixed in a glass bottle 2.5 grams 

of agarose powder was poured into a conical 

flask, then 100ml of the mixture was also added 

and stirred. The gel tray was then collected and 

wrapped on either side using paper tape. This 

was done carefully and tightly to avoid the 

spillage of the prepared gel. It was also ensured 

that hand gloves were worn to avoid contact 

with the skin because of ethidium bromide 

which was a necessary ingredient for the work. 

Combs were then placed in the gel, one at the 

top of the gel tray, and the other at the middle of 

the gel and allowed to cool. These combs are 

used to create wells in the gel for the process. A 

few drops of ethidium bromide was added 

carefully to avoid contact with the skin. 

Ethidium Bromide (also known as homolous 

bromide) is carcinogenic which means that it 

causes cancer. Hence, it is advised that it should 

be handled with caution. It is a fluorescent dye 

that intercalates between bases of nucleic acids 

and allows very convenient detection of DNA 

fragments in gels. It can be incorporated into 

agarose gels or added to samples of DNA before 

loading to enable visualization of fragments 

within the gel. As might be expected, the 

binding of ethidium bromide to DNA alters its 

mass and rigidity, and therefore its mobility. 
 

Table 2: RAPD Primers used in this molecular study and their genetic sequences 

 

 

 

 

 

 

 

 

 

 

 

 

RESULTS 
Eight (8) RAPD primers were used namely, 

OPA03, OPA05, OPA06, OPA07, OPA08, 

OPA12, OPE03, and OPY20. However, only 

3 primers (OPA03, OPA12 and OPY20) 

amplified while OPA07 gave  

 

 

partial amplification (not all samples 

presented amplicons). Plates 1(a and b) show 

the series of band flow through the agarose 

gel. These bands were scored as present (1) 

or absent (0) and used to generate a 

dendrogram using NTsys (2.0j) computer 

programme (Figure 1). 

S/N RAPD PRIMERS SEQUENCES 

 

1 OPA O3 AGTCAGCCAC 

2 OPA 05 AGGGGTCTTG 

3 OPA 06 GGTCCCTGAC 

4 OPA 07 GAAACGGGTG 

5 OPA 08 GTGACGTAGG 

6 OPA 12 TCGGCGATAG 

7 OPE 03 CCAGATGCAC 

8 OPY 20 AGCCGTGGAA 
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PLATE 1(a and b): Electrophoregram 

showing the result of a randomly amplified 

polymorphic DNA (RAPD) using OPA-12 

marker. In these plates above thirty-two 

samples were used and were further scored 

for the construction of the dendrogram using 

NTsys version 2.02j computer program

. 
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Figure 1: Dendrogram of 32 samples of A. sativum 

from six locations involving six (5) Local 

Government Areas (Shomolu (SO), Ajeromi 

Ifelodun (AJ), Ikorodu (IK), Alagbado (AL), 

Agbado (AG) and one (1) LCDA - Bariga (BA)  with 

RAPD Primer OPA 03, OPA 07, OPA 12, and OPY 

20 using NTsys (2.0J) computer programme showed 

complete clustering at about 0.67 and similarity 

coefficient of 76%  among the 32 samples collected 

from the six (6) locations. Genotypes segregated into 

four (4) Groups (A-D) with about five (5) genotypes 

ungrouped (U). Genetic similarity levels of all A. 

sativum samples on the dendrogram ranged from 

0.65 – 1.00. The clustering pattern of the 

dendrogram from the 32 samples was observed to 

segregate into 4 Groups (A – D). Samples SO1, SO2, 

SO16, SO3, SO14, SO5, SO15, SO4, SO8 and SO6 

formed Group A and clustered at 0.97 similarity 

coefficient which implies that they have 97% 

similarity and 3% genotypic variation. Samples 

IK41, AL62, AL61, AG71 and AG72 formed Group 

B and clustered at 0.91 similarity coefficient which 

implies that they have 91% similarity and 9% 

genotypic variation. Samples IK42, BA51, BA52, 

SO17, SO18, SO10, SO13, SO11 and SO12 formed 

group C and clustered at 0.82 similarity coefficient 

which implies that they have 82% similarity and 

18% genotypic variation. Samples SO22, AJ32 and 

AJ31 formed group D and clustered at 0.96 

similarity coefficient which implies that they have 

96% similarity and 4% genotypic variation. Samples 

SO20, SO7, AG71, SO21, SO19, and SO9 appeared 

ungrouped which implies that they have wide 

genotypic variations. The high intraspecific 

similarities exhibited by these Groups A-D (97%, 

91%, 82%, 96%) could point to a common ancestry 

within the species. 

 

 DISCUSSION 
The present study showed complete clustering 

of all samples at 67% and a similarity coefficient 

of 76%. This means that there is a 24% variation 

among the 32 samples collected from six (6) 

different locations in Lagos. This work is in 

agreement with the work on genetic diversity of 

Vernonia as revealed by RAPD markers that 

clustered at 64% with also a similarity 

coefficient of 72% (Nwakanma et al., 2018). 

Earlier, Azeez et al., (2009) used the RAPD 

technique in the assessment of genetic diversity 

among 30 accessions of the Santalum album.  

All accessions were grouped into two major 

groups at about 0.70 coefficient, having a 

distinct sub-cluster of about 0.85 coefficient and 

genetic similarity of 45%. Also, Ray and Roy, 

(2009) who studied genetic diversity and 

relationships among 6 Amaranthus species from 

8 phytogeographic regions of the Indor Gangetic 

Plains calculated a mean genetic similarity 

coefficient of 0.56 using RAPD marker and had 

a genetic variation of about 43% among all the 

Amaranthus species studied.  

RAPD marker analysis carried out by other 

researchers on other plants had also reported 

that it is a very good tool for the investigation of 

genetic diversity (interspecies and intraspecies 

genetic diversity) among plants. For example, 

studies in Stokes Aster (Stokesia spp.) showed 

that they are very closely related, with values for 

all pairwise comparisons of cultivars of stokes 

asters ranging from 0.92 – 0.68 while similarity 

indices between stokes aster and Vernonia and 

between stoke aster and Rudbeckia were 

between 0.44 and 0.50 respectively (Gettys and 

Werner, 2001). Other plants, whose genetic 

relationships had been studied using RAPD 

include Jute plants (Ogunkanmi et al., 2010), 

Amaranthus species (Tony-Odigie et al., 2012) 

and Gladiolus (Malik and Pal, 2014). 

Nwakanma et al., (2021) reported that indicators 

of resemblance that are higher designate that 

samples in the population have tighter genetic 

links, whereas lower similarity indices indicate 

that samples in the population have a greater 

genetic distance between them.  Similarly, the 

quantity and purity of isolated genomic DNA 

are important factors in determining molecular 

diversity and optimizing PCR settings (Weeden 

et al., 1992). 

 

CONCLUSION 
The study here leads us to conclude that RAPD 

marker analysis is very useful for assessing intra 

genetic diversity (intraspecific similarity and 

variation) among Garlic (A. sativa) genotypes 

found in these parts of Lagos, Nigeria. 
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Therefore, selection could be made from the 

diverse genotypes as parents for crosses 

designed for breeding improved cultivars and 

for producing mapping populations for QTL 

analysis. 
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