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ABSTRACT 
 

Moringa oleifera Lam. (Moringaceae) is a nutritious and high medicinal value tree. The species 

is native to India but grown globally due to its properties. The nutritional content of the species 

includes high levels of vitamins, minerals, calcium, magnesium and iron.   

It is now known that different cultivars of M. oleifera are grown throughout the world 

depending on the intended products. However, in South Africa, there is limited knowledge on 

the genetic variation of the cultivars most farmers and researchers are growing. In this study, a 

partial sequence of chloroplast atpB gene was used to determine genetic diversity of M. oleifera 

cultivars from different regions across the world but grown for research at the Agricultural 

Research Council, Vegetable and Ornamental Plants campus in Roodeplaat, Gauteng Province, 

South Africa. Thirteen cultivars were collected, of which three were domesticated cultivars 

from South Africa, eight were from Thailand, and one cultivar each was from Taiwan and the 

United States of America. Each cultivar consisted of six replicates. DNA extraction, PCR and 

gel electrophoresis were performed at the University of KwaZulu-Natal whereas DNA 

sequencing was done at Inqaba Biotec laboratory. DNA sequence analysis was done using 

BioEdit, MegaX, POPArT and DnaSP softwares.   

Based on the phylogenetic analysis, the average total length of the sequences was 404 

nucleotides with the number of polymorphic segregating sites and mutation of 21 and 24, 

respectively. From the maximum likelihood tree and neighbour-joining tree, South African 

domesticated cultivars SH and Limpopo were more related to each other than to the 

domesticated cultivar, CHM (South African). The cluster which was well supported with 84% 

bootstrap value was between cultivars TOT 5077 (Thailand) and TOT 4100 (Taiwan). The 

polymorphic data indicated a nucleotide diversity of 0.01654 and average number of nucleotide 

difference (k) of 6.58095. The haplotype network also showed less genetic differences between 

the cultivars with some cultivars recorded as similar.  

The low genetic diversity observed in these cultivars suggests that the cultivars might have 

originated from a common ancestor. However, further study is necessary by collecting more 

cultivars of M. oleifera South Africa and other parts of the world to get a clear view on the 

genetic diversity. The results from this study will be an addition to the already existing 

knowledge of M. oleifera available in the world and new knowledge on genetic variation 
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among South African cultivars, which may be relevant in cultivar development and 

conservation. 
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CHAPTER 1: Introduction 

1.1 Background  

Moringa oleifera Lam. is a tree found in many parts of the world but originated in India. It is 

rich in protein, calcium, potassium, magnesium, vitamins A, B6 and C as well as iron (Valdez-

Solana et al., 2015, Isitua et al., 2015, Gupta et al., 2018). Therefore, people use it for food as 

well as animal feed (Kholif et al., 2015, Sultana et al., 2015, Agashe et al., 2017, Voemesse et 

al., 2018). Other research revealed the success of using M. oleifera in fuel production 

(Fernandes et al., 2015), cosmetics (Adegbe et al., 2016), water purification (Tunggolou and 

Payus, 2017), and plant growth enhancement (Bashir et al., 2017, Muthalagu et al., 2018). One 

other important property of M. oleifera is its medicinal properties. Research reviews by Dixit 

et al. (2016) , Maizuwo et al. (2017) and Mishra et al. (2017), outline some of the well-known 

medicinal uses of M. oleifera, which include anticancer, antidiabetic, skin and eye infection 

treatment, reduction of cholesterol level, and fever among others. Cultivation of M. oleifera 

offers a solution for dealing with the increasing human population in the South Africa and the 

world. In South Africa, the tree is grown in Limpopo and Gauteng and KwaZulu-Natal (Pakade 

et al., 2013, Tiloke et al., 2013).  

 

Genetic diversity studies are important for determining the variation within a species or 

between species or cultivars and also provides information for breeding programs to improve 

or develop new varieties. Genetic variation occur as a result of insertions, deletions, 

duplications or mutations in the DNA sequences (McClellan and King, 2010). The variation 

can be detected using molecular markers also referred to as genetic markers. Molecular 

markers, which are derived from chloroplast, mitochondria or nuclear DNA regions, have been 

designed to study genetic diversity between and within species. This include markers such as 

internal transcribed spacer (ITS), adenosine triphosphate synthase beta-subunit (atpB), 

restriction fragment length polymorphism (RLFP), simple sequence repeats (SSR), random 

amplified polymorphism DNA (RAPD) and amplified fragment length polymorphism (AFLP) 

(Govindaraj et al., 2015, Nadeem et al., 2018).  

 

The genetic diversity of M. oleifera has been reported in several works. The first report of M. 

oleifera genetic diversity using SSR was by Wu et al. (2010), in which they developed 20 SSR 

markers and used them to study genetic diversity in M. oleifera. Shahzad et al. (2013) 

investigated the genetic diversity of M. oleifera cultivated in Pakistan using 19 SSR and partial 
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sequence of chloroplast atpB markers.  The results showed a higher genetic diversity among 

the M. oleifera accessions. Ganesan et al. (2014) observed the same results when they 

investigated genetic diversity on Indian cultivars using 19 SSR markers. On the other hand, 

Rufai et al. (2013) and Popoola (2014) used 12 and five RAPD markers to determine the genetic 

diversity among M. oleifera accessions. The accessions used in Rufai et al. (2013) were 

collected from six different areas around the world while the five RAPD markers were based 

on accessions from nine states in Nigeria (Popoola, 2014). Both studies reported a high level 

of genetic diversity in the species.  

 

Different cultivars or accessions are used to investigate genetic diversity that exists within M. 

oleifera. Some of the cultivars includes PKM-1, PKM-2,GKVK-1 from India (Saini et al., 

2013), Tumu, , Pakistan Black, Pakistan White from Pakistan (Nouman et al., 2016), 

Lombardia, Michoacán, Coahuila from Mexico (Valdez-Solana et al., 2015) and TOT 4893, 

TOT 4951, TOT 4977 from Thailand as well as SH and CHM from South Africa (Makita et 

al., 2017). Other cultivars are shared among countries due to research efforts (Makita et al., 

2017).  

 

Moringa oleifera in South Africa, particularly Limpopo Province, is cultivated by both 

commercial and smallholder famers (Mabapa et al., 2017). Farmers in these regions grow M. 

oleifera plants to sell the seeds and leaves in order to generate income and also use it as food 

for animals and human beings as well as for medical purposes. However, farmers’ complaints 

about the crop included infestation by spiders and presence of termites on the tree, which 

reduces the quality and yield of the crop. In particular, such pests have been reported to reduce 

production of leaves and seeds (Saha et al., 2014). It is therefore of utmost importance to have 

knowledge of the genetic diversity between South African M. oleifera cultivars to allow 

researchers and scientists to know of the variations among cultivars available in South Africa 

and in future enable them to improve the plant characteristics such as plant pest resistance.   

1.2 Justification  

Moringa oleifera could be a significant crop for South Africa due to the scarce medical 

accessibility and malnutrition that exists in the country. There is potential for commercial and 

smallholder famers in parts of South Africa cultivating the tree to increase production. This 

will also allow other provinces that do not grow the plant in South Africa to grow it. Even 

though, more research studies in South Africa focuses on the metabolites and the nutritional 
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content of the M. oleifera (Moyo et al., 2011, Fitri et al., 2015), it is also important that farmers 

are able to identify different cultivars of M. oleifera morphologically. Hassanein and Al-Soqeer 

(2018) and Islam et al. (2020) outlined some of the characters they used in their studies to 

determine the morphological difference between M. oleifera cultivars. Additionally, genetic 

diversity studies will be crucial for plant improvement and development of new cultivars. 

Hence the study focused on determining the genetic diversity of M. oleifera cultivars (Table 1) 

available in South Africa. The study will be contributing to closing the gap in knowledge about 

South African cultivars and building on the genetic diversity that already exists on M. oleifera 

elsewhere in the world. 

1.3 Aims and objectives 

The study aimed to evaluate the genetic diversity of M. oleifera cultivars available in South 

Africa and reconstruct their phylogenetic relationships with other selected cultivars. The study 

focused on cultivars available at the Agricultural Research Council’s (ARC) Roodeplaat farm 

in Pretoria, and sourced locally, and from Thailand, Taiwan and the United States of America. 

 

The objective of the study was: 

• To determine the genetic diversity and phylogenetic relationships of M. oleifera 

cultivars. 

 

Table 1: Origin of M. oleifera cultivars used in the study and grown at the ARC for research 

purposes 

Country of origin Cultivar(s) 

Thailand [World 

Vegetable Centre 

(AVRDC)] 

TOT 4893, TOT 4951, TOT 4977, TOT 5028, TOT 5077, TOT 

5169, TOT 5330 and TOT 7266 

South Africa Silver Hill (SH), CHM and Limpopo 

Taiwan TOT 4100 

USA TOT 4880 
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1.4 Outline of the dissertation  

Chapter 1 contains the introduction of the dissertation. It has the background information, the 

justification, aims, and objectives and provides information on M. oleifera cultivars used for 

the study. 

 

Chapter 2 presents the literature review of the study. It outlines the importance of the plant, its 

distribution and ecology, molecular markers and its application on plant breeding and lastly 

describe previous genetic and morphological studies on M. oleifera.  

 

Chapter 3 focuses on the genetic diversity and phylogenetic study of M. oleifera from different 

ecological regions but available in South Africa. The atpB markers were used to determine the 

genetic diversity among M. oleifera cultivars. 
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CHAPTER 2: Literature review 

2.1 Introduction  

This chapter focuses on reviewing literature on the diversity of Moringa oleifera. Moringa 

oleifera is one of the most important species in the Moringaceae family because it can be grown 

under several conditions as compared to the other 13 species in the family. In Limpopo, South 

Africa, the farmers use M. oleifera to boost their immune system, to purify water and as feed 

for livestock (Mabapa et al., 2017). In Guinea Bissau, West Africa, the locals use the plant to 

improve breast feeding in women as well as to treat ailments such as eye infections, fever, 

asthma and regulating blood pressure (Bancessi et al., 2019). These uses indicate the 

importance of M. oleifera to human beings and livestock. Therefore, this chapter will outline 

the importance of M. oleifera in South Africa and beyond as well as the phylogenetic studies 

that have been carried out on the species, including the morphological diversity of the species.   

2.2 Taxonomy 

Moringa oleifera (Figure 1) is a deciduous tree that belongs to the Order Brassicales formerly 

known as Capparales, and monophyletic family Moringaceae (Fahey, 2005). The family 

Moringaceae consists of 13 species (Padayachee & Baijnath, 2012).  The species include 

Moringa oleifera, M. arborea, M. borziana, M. concanensis, M. drouhardii, M. hildebrandtii, 

M. longituba, M. ovalifolia, M. pygmaea, M. peregrina, M. ruspoliana, M. rivae and M. 

stenopetala. Moringa oleifera is the most well-known species in the genus and family. Some 

of the scientific names that were used for this species are M. pterygosperma Gaertn, Guilandina 

moringa L., and M. moringa (L.). The species is commonly known as horseradish tree or 

drumstick tree, but the common name differs among countries. Periyakulum 1 and 2 (PKM 

1,2), Bombay, Jaffna, Chavakacheri and Saijan are some of the common cultivars of M. 

oleifera. PKM 1,PKM 2, Bombay, Jaffna and Chavakacheri cultivars are known for quality 

and higher pod yield while Saijan is a good source of wood used in the pulp and paper (Ciju, 

2019). Moringa oleifera has been reported to be phylogenetically related to M. concanensis 

and M. peregrina than other Moringa species. Olson (2002) showed that the three species were 

related using three molecular loci and morphological characters. Hausiku et al. (2020) observed 

the same result when he used the nuclear ribosomal DNA data. Moringa peregrina, just like 

M. oleifera, is also one of the most studied species belonging to the Moringaceae family.  
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Figure 1: One of the 13 Moringa oleifera cultivars grown at the Agricultural Research 

Council’s Vegetable and Ornamental Plants Institute at Roodeplaat Farm in Pretoria, South 

Africa. Source: T. Makgolane 

2.3 Distribution and habitat 

Moringa oleifera is native to sub-India (Usman et al., 2012), but has been introduced to many 

countries due its medicinal and nutritional properties. The plant is now tolerated in many 

countries as shown on Figure 2 (Leone et al., 2015). In Africa, the tree is widespread and many 

of the countries that cultivate it are poverty stricken (Lea, 2010). Therefore, growing this tree 

will help to reduce malnutrition as well as eradicate poverty when farmers sell its products for 

income (Omotesho et al., 2013). The cultivation of M. oleifera has been reported in all 

provinces of South Africa but largely in Limpopo and North West provinces (Pakade et al., 

2013, Tiloke et al., 2013).  
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Figure 2: The global distribution of M. oleifera. Although native to India, the tree is 

introduced and naturalised in other countries as shown on the map 

(http://bioweb.uwlax.edu/bio203/s2012/moldenha_kat2/habitat.htm). 

Moringa oleifera can withstand high temperatures and it can be grown in a variety of soils 

(Nouman et al., 2014) . Moreover, it is resistant to drought and tolerant to pH between 5 and 

9. Poor drained and waterlogged soils cause the roots of the plant to rot easily (Fuglie and 

Sreeja, 1999).  

2.4 Cultivation and harvesting 

Although M. oleifera grows in different climatic conditions, it still needs soils that are good for 

their growth and development to produce higher yields of leaves, seeds, flowers and fruits. 

Moringa oleifera can be grown from either stem cuttings, seedlings or direct seeding (Roloff 

et al., 2009). Stem cuttings are dried before they can be put into soil to avoid infection by 

micro- organisms.  The seeds are grown in a way that seeds-eating animals such as mice cannot 

access them. The seeds and young seedlings are put directly into moist soil to stimulate good 

germination.  

Eight months to one year after planting or seed sowing, a mature M. oleifera plant will produce 

flowers. The flowers are bisexual, having both female and male organs.  This allows self- and 

cross pollination to occur. Pods or fruits will form a month or two months after pollination.  

Subsequently, mature pods will be harvested before the seeds inside fall out of the pods. Young 

leaves of M. oleifera are mostly used to obtain leaf extract to use as plant growth stimulator 

(Elzaawely et al., 2017) whereas older leaves are dried for powder, which is used as a tea or 
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spice (Kumssa et al., 2017b). All plant parts are used after harvesting and therefore it can be 

considered a highly beneficial crop. 

2.5 Importance of Moringa oleifera as food and in medicine 

Moringa oleifera is used worldwide for both food and for medicinal purposes. The plant has 

been reported to have high amounts of various minerals and vitamins (Yaméogo et al., 2011, 

Kwenin et al., 2011). All plant parts are used as either food and animal feed. In India, the leaves 

are used as vegetables (Kakengi et al., 2005), as a herbal infusion like tea, added to cookies or 

bread to increase the nutrition levels (Dachana et al., 2010) and in production of juices and 

beverages (Fahey, 2005). Feed made from leaves was reported to be more nutritious than other 

animal feeds. A study done in Tanzania showed that the use of M. oleifera leaves as goat feed 

increases the digestibility in goats compared to the sunflower seed-cake (Foidl et al., 2001, 

Sarwatt et al., 2002, Kakengi et al., 2005). The goat feed was reported to have high protein 

content, carotene and ascorbic acid. Contradictory results were observed by Moyo et al. (2012) 

when Xhosa lop-eared goats fed with dried leaves of M. oleifera were compared with those 

feed with sunflower cake animal feed. They observed no difference in the animal growth and 

the carcass weight. This might suggest that effect of the feed on the animal depends on the 

proportion of feed that is fed since the proportions used in the two examples above were 

different. The effect might also depend on the breed or the type of animal used. 

All plant parts of M. oleifera have been reported to have been used for different purposes 

(Fahey, 2005, Mbikay, 2012, Jung, 2014).  A review by Biswas et al. (2012) outlined some  of 

the importance of M. oleifera leaf extract in reducing ailments such as gastric ulcer, edema and 

more. The rural areas in Uganda uses the leaves for treatment of ailments such as HIV-related 

symptoms, ulcers, flu and many other ailments (Verma et al., 2009). The leaves are also 

reported to have anti-inflammatory, anticancer and antimicrobial properties (Farooq et al., 

2012). Extract from the roots are used to prevent damage to the liver in animals and human 

beings (Mishra et al., 2011). The extracts from this plant are still tested on laboratory rats to 

determine if there are more potential effects they may have and also on controlling microbes. 

Other functions of the plant include; use of the leaf extract as a growth promoter (Phiri, 2010, 

Phiri and Mbewe, 2010, Basra et al., 2011), use of seed extract in water purification processes 

(Ali et al., 2010, Sotheeswaran et al., 2011, Mangale et al., 2012), cosmetics (Dubey et al., 

2013) and as antimicrobial agent and  biofungicide (Donli and Dauda, 2003), flower extracts 

used to make tea and cosmetics (Price, 2007) and more (Figure 3). 
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A. B . C.  

Figure 4: Parts of M. oleifera; leaf (A), flower (B) and pods (C). Source: T. Makgolane 

Another investigation by Abubakar et al. (2011a) on the morphological and anatomical 

diversity of M. oleifera cultivars in northern Nigeria showed variation between different 

cultivars. This including variations in leaf length, leaflet length and width, stomatal length and 

width, and epidermal wall pattern. This shows that there are high possibilities that M. oleifera 

cultivars grown in different region will show variation. Although studies have been successful 

in identifying species using their morphology and anatomy, researchers have found a better 

way to differentiate species using their molecular markers. 

2.7 Molecular markers and their applications   

Molecular markers also known as genetic markers are defined as a specific region of DNA that 

can be used to trace specific regions in the genome of a species. They are classified into three 

different groups; hybridisation, DNA chips/sequence based and PCR-based molecular markers 

(Kumar et al., 2009). The types of markers used in each category are shown in Table 2. The 

classification of the molecular markers is according to the dominance, detection and inheritance 

method (Nadeem et al., 2018).  
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Table 2: Some molecular markers used in plant breeding  

Categories of genetic/ molecular markers Types of genetic/molecular marker  

Hybridisation-based  Restriction Fragment Length Polymorphism 

(RFLP) 

Biochemical  Protein markers 

DNA  chip (microarray)/Sequence-based Single Nucleotide Polymorphism (SNP), 

Sanger sequencing, Next generation sequencing 

(NGS), Diversity Array Technology (DArT) 

PCR-based Random Amplified Polymorphism DNA 

(RAPD), Single Sequence Repeat (SSR), 

Amplified Fragment Length Polymorphism 

(AFLP) 

2.7.1 Hybridisation-based markers 

Hybridisation-based marker, RFLP, was the first marker to be developed out of all markers 

known (Singh and Singh, 2015). It involves the use of restriction enzymes specific to a region 

in the DNA to differentiate between two DNA sequences from two species (Botstein et al., 

1980). Restriction enzymes were first discovered in the 1980s in bacteria, where they were 

used to digest foreign DNA such as virus DNA. Some of the most well-known RFLP restriction 

enzymes includes EcoRI, Hind III, Pst I, BamHI etc (Zhanjiang, 2007). These restriction 

enzymes target different sites on the DNA and therefore produce different product size of the 

DNA fragments (Rasmussen, 2012). RFLP markers have been used successfully in research 

focusing on genetic diversity, and in comparison of performance in different cultivar crops 

belonging to the same species (Benchimol et al., 2000, Duval et al., 2001, Huang et al., 2002, 

Jordan et al., 2003, Sun et al., 2001). Advantages of the markers include their high stability as 

well as the ability to differentiate between co-dominance and dominance in diploid individuals. 

The disadvantage includes the requirement for sufficient and high quality DNA, which is 

sometimes difficult to obtain during DNA extraction (Asmelash et al., 2017, Salisu et al., 

2018). Moreover, they do not record variations at all sites in the genome.  
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2.7.2 Biochemical markers 

Biochemical markers are markers that are able to detect variations between proteins or amino 

acids in different species. The markers are protein based. Some examples of protein-based 

markers include the isozymes and allozymes (Ismail et al., 2020). A review by Kumar et al. 

(2018) discusses some of the phylogenetic and genetic diversity studies on Chrysanthemum 

species using biochemical markers. Biochemical markers are co-dominant and cost effective 

but they are disadvantageous because they depend on the quality of the extraction method and 

the type of tissue the proteins are from (Nadeem et al., 2018). The less effective the extraction 

method, the more contamination is expected on the final product.  

2.7.3 DNA chips/microarray 

DNA chips also known as DNA microarrays involve use of arrays to determine the 

concentration of nucleic acid in the solution and/or the expression levels of genes in a genome 

(Bumgarner, 2013). The method includes having probes specific to target 

DNA/gene/nucleotides being represented by each spot on the microarray. The DNA or RNA 

sample, which will be labelled with a fluorescent dye, will be added to the microarray and only 

nucleotides or sequence complementary to the probe will bind to the probe on the microarray. 

The scanner will detect the patterns of hybridisation by sensing the fluorescent on the array.  

The two markers that follow this method are the SNP and the DArT. 

2.7.3.1 Single Nucleotide Polymorphism (SNP) 

Single nucleotide polymorphism are single nucleotide variations that are observed between two 

or more species (Qi et al., 2018). These variations are caused by mutations, substitutions, 

deletions or insertions. Single nucleotide polymorphism has been used in genome diversity 

studies (Wang et al., 2014), and diseases and diagnosis (Mitchell and Mitchell, 2010, Wallentin 

et al., 2010). The marker is advantageous because it allows detection of all the base variation 

within the genome but this needs prior knowledge of the organism’s genome. This restricts the 

use of the marker to only species that have already been sequenced.  

2.7.3.2 Diversity Array Technology (DArT) 

Similar to Single Nucleotide Polymorphisms, Diversity Array Technology allows detection of 

insertions, deletions and base changes (Abdel-Mawgood, 2012). It is different from SNP on 

the grounds that it does not require prior knowledge of the genome sequence. The markers can 

be used in large and complex genomes of crops such as sugarcane (Heller-Uszynska et al., 

2011, Ovesná et al., 2013). DArT markers are frequently used in whole-genome genotyping, 

linkage mapping and genetic diversity studies. The technique have been used in species such 
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as rapeseed (Raman et al., 2011), Eucalyptus (Sansaloni et al., 2011), potatoes (Traini et al., 

2013) and Nile tilapia (Lind et al., 2017).  

2.7.4 PCR-based markers 

Polymerase Chain Reaction(PCR) is the process that involves amplification of a short DNA 

segment into thousands or millions of copies. The first step in the process is the denaturation 

process, where DNA is separated from the helix. The second step is the annealing of primers 

to the single strands and then finally is the extension of the strands. All steps are temperature 

sensitive so each step is done at a different temperature. The primers also referred to as markers 

are specific to a specific region of the DNA that is amplified. Most PCR- based markers 

commonly used in plant research are; AFLP, RAPD and SSR. 

2.7.4.1 Amplified Fragment Length Polymorphism (AFLP) 

Amplified Fragment Length Polymorphism is a PCR-based technique which involves DNA 

extraction, DNA fragmentation using restriction enzymes, ligation of adaptors to the restriction 

site, and lastly amplification of the adaptor sequence which will serve as primers for the PCR 

process that follows . The technique is used frequently in DNA fingerprinting and genetic 

diversity studies (Chial, 2008). Pecina-Quintero et al. (2014) used AFLP markers to determine 

the genetic diversity and population structure of physic nut (Jatropha curcas) plants in Mexico 

whereas Hoda et al. (2010) used the AFLP markers specific to albanian sheep to investigated 

the genetic diversity in three local sheep breeds in Albania . Different markers are designed for 

different species. Although AFLP markers have been reported successful in animal, plants and 

microbe studies, it still has drawbacks, which include the high cost of adaptors and difficulty 

to differentiate between heterozygotes and dominant homozygotes.  

2.7.4.2 Random Amplified Polymorphism DNA (RAPD) 

RAPD markers are DNA fragments that amplify randomly on the template sequence. They are 

dominant markers made up of approximately 10 nucleotides which can differentiate between 

species (Abubakar et al., 2011a). Although the markers can differentiate species, they cannot 

distinguish between dominant homozygotes and heterozygotes, and have low reproducibility 

(Bardakci, 2001) . RAPD markers are advantageous because no prior knowledge of the genome 

is required. This allows researchers to study the diversity of animals and plants of understudied 

species as well as the relatedness between those species. 

2.7.4.3 Single Sequence Repeats (SSR) 

Single Sequence Repeats (SSR) also known as microsatellites are repetitive tandem sequence 

repeats made of four to six repetitive bases in the genome. SSRs are mostly found in the 
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untranslated regions of the genome (Miyao et al., 1996, Gupta et al., 2010) but not the gene 

regions. This is because the repeats result from either strand slippage during replication or 

recombination errors (Marín-García, 2014, Vieira et al., 2016). Strand slippage occurs when 

there are two sequence repeats at different positions in the genome whereas recombination 

errors occur when there is either duplication or deletion during crossing over in the cell. On the 

hand, there has been reports of the presence of repeats in translated regions in the genome of 

some species but the repeats were in small quantities (Wang et al., 1994, Miyao et al., 1996). 

The markers are considered useful because of their conservation in related species (Asp et al., 

2007).  

Simple sequence repeats markers have been used in population genetic diversity, forensic 

genetics and phylogenetic relationship studies. This includes studies in medicinal plants such 

as Chrysanthemum morifolium (Feng et al., 2016), Centella asiatica (Rohini et al., 2019), and 

crops such as maize Zea mays (Synrem et al., 2017), rice  Oryza sativa (Hue et al., 2018) and 

M. oleifera (Wu et al,. 2010). 

2.8 Morphological and population genetic diversity of Moringa oleifera 

The discovery of the qualities that M. oleifera possess opened a platform for studies on the 

plant. It is important that researchers know the different cultivars present in their own countries 

and around the world as well as variation between the cultivars. Both morphological and 

genetic studies were reported successful in diversity studied. The studies help in cultivar 

identification and breeding programs. 

2.8.1 Morphological diversity of Moringa oleifera cultivars 

Morphological diversity of M. oleifera cultivars arises as a result of out-crossing or 

environmental conditions. The variability is observed between character states such as 

pods/fruit length, leaf size, seeds per fruit and flower colour among others. A few articles have 

been published on the morphological variations within M. oleifera cultivars. Mgendi et al. 

(2010) investigated the morphological variability between and within cultivated and non-

cultivated M. oleifera from Tanzania. From their data, they were able to conclude that there 

were variations between the character states they investigated. Similar results were observed 

when Hassanein and Al-Soqeer (2018) researched the morphological diversity in seven 

genotypes or cultivars of M. oleifera grown in Saudi Arabia.  Abubakar et al. (2011b) carried 

out another study to determine the variation between M. oleifera plants collected in different 
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states of the northern Nigeria and they observed variation as well. The morphological diversity 

studies are considered useful as they allow breeders or farmers to develop new varieties.  

2.8.2 Molecular markers used in population genetic diversity of Moringa oleifera   

Population genetic diversity studies involve two or three molecular techniques; DNA 

extraction, polymerase chain reaction (PCR) and/ or sequencing. DNA can be extracted from 

plants using DNA extraction kits or Cetyltrimethyl ammonium bromide (CTAB) method 

among other techniques. DNA extraction is followed by PCR, which entails amplifying a 

region of DNA through heating and cooling process (Lorenz, 2012). The amplification is 

achieved through three processes; the denaturation of double stranded DNA, annealing of 

primers and extension of the single strand DNA; which occurs at different temperatures (Clark 

and Pazdernik, 2013). The PCR products can then be viewed using gel electrophoresis or 

sequenced to determine relatedness or diversity between species (Hamza et al., 2004). All these 

techniques can be modified for high yield and quality DNA or PCR products (Schlink and 

Reski, 2002, Tilwari et al., 2016). 

Genetic diversity of M. oleifera has been investigated around the world using markers made 

from nuclear, mitochondrial and chloroplast genes. One of the most investigated marker is the 

SSR markers. Twenty SSR markers have been developed by Wu et al. (2010) to study the 

genetic diversity in M. oleifera cultivars, genotypes or accessions. This includes the study by 

Shahzad et al. (2013) in Pakistan, Ganesan et al. (2014) and Rajalakshmi et al. (2017) in India, 

Popoola and Obembe (2013) in Nigeria among other published work. SSR markers are better 

markers to estimate the genetic diversity in M. oleifera because they are co-dominant and have 

high polymorphism and reproducibility compared to other markers.  

Additionally, other chloroplast, nuclear or mitochondrial DNA can be used to infer genetic 

variations needed to construct phylogenetic relationship. DNA from the organelles have slow 

mutation rate and are conserved, therefore, they are reliable for phylogenetic studies. In plants, 

plastids and mitochondrial genes are used to determine genetic diversity between species. Some 

examples of the genes include rbcL (ribulose-1,5 bisphosphate large subunit), matK (maturase 

K), atpB (ATP synthase subunit beta), intergenic spacer trnH-psbA and ITS (internal 

transcriber spacer) gene (Alaklabi, 2015, Lee et al., 2018, Zhang et al., 2018). The genes rbcL, 

matK and atpB are from chloroplast DNA. Ribulose-1,5 bisphosphate large subunit (rbcL) gene 

plays a role in carbon fixation and oxygenation processes (Xu and Tabita, 1996), matK is 

responsible for the splicing of group II intron (Selvaraj et al., 2008) and atpB gene synthesizes 
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ATP with the help of the membrane proton gradient. Unlike rbcL and mat K gene, atpB gene 

markers have been specifically developed for genetic diversity studies of M. oleifera cultivars 

(Kar et al., 2015). Hence, atpB gene marker would be a good choice for determining the genetic 

diversity of M. oleifera. 

2.9 Methods used in phylogenetic reconstruction 

The first step in phylogenetic reconstruction is to obtain sequence data, followed by alignment 

of the sequence to obtain a matrix that can be used for further examination. Phylogeny can be 

reconstructed using either distance-based or character-based methods (De Bruyn et al., 2014). 

Distance-based methods measure the pairwise distance between aligned sequence data 

whereas, character-based methods measure the differences between the sequences in the data 

(Sohpal et al., 2013). Examples of distance-based methods include the Unweighted Pair Group 

Method with Arithmetic Mean and the Neighbour-Joining whereas the character-based 

methods include Maximum Likelihood (ML) and Maximum Parsimony (MP).   

All these methods have been used successfully in determining phylogenetic relationships in 

plants but for the current research, the ML will be used. The ML has been used in determining 

phylogenetic relationships in various plant species (Cron et al., 2012, Bird et al., 2017, Liede-

Schumann et al., 2020). Cron et al. (2012) used the chloroplast DNA markers matK, trnK and 

psb to construct phylogenetic relationship in species belonging to the family Strelitziacea. 

Olson (2002) was successful in determining the phylogenetic relationship between species 

belonging to Moringaceae using the chloroplast sequence of trnG and DNA sequences derived 

from PEPC (Phosphoenolpyruvate carboxylase) and ITS. Patwardhan et al. (2014) reviewed 

various chloroplast and mitochondrial DNA markers used in both phylogenetic and genetic 

diversity studies. All these studies show the success of using chloroplast and mitochondrial 

DNA in genetic studies and phylogenetic reconstruction. 

2.10 Conclusion  

The review highlights the importance of M. oleifera, the molecular markers used in genetic 

diversity as well as previous studies on the morphological and genetic diversity of M. oleifera. 

Moringa oleifera is among some of the most important nutritional medicinal plants in South 

Africa. The high nutritional content and medicinal properties of the plant makes it valuable to 

conserve as it reduces the malnutrition and improve the health of the people in the country. 

Knowledge about the genetic diversity of M. oleifera will be useful in understanding variation 

of M. oleifera available in South Africa and will be useful in conservation strategies, and 
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breeding programs to improve characteristics of the plant. Hence, this study was done to extend 

the knowledge on the diversity of M. oleifera that already exists around the world, but the focus 

is on cultivars available in South Africa. At the time of this research, there was no published 

research on the diversity of M. oleifera of these cultivars available in South Africa. 
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Abstract 

Moringa oleifera is a tree species belonging to the family Moringaceae and originating from 

India. It is well-known for its medicinal and nutritional properties as well as water purification 

qualities. In this study, a partial sequence of the chloroplast atpB gene was used to determine 

genetic diversity of M. oleifera cultivars from different regions across the world but grown for 

research purposes in South Africa. Of the thirteen cultivars collected, eight were from the 

World Vegetable Centre (AVRDC) in Thailand, three were from South Africa, and one cultivar 

each was from Taiwan and the United States of America. Chloroplast atpB gene was sequenced 

successfully for all thirteen cultivars tested. The maximum likelihood and Bayesian trees 

showed similar topology. The nucleotide diversity was 0.01654 with the average number of 

nucleotide difference (k) of 6,58095. Based on the phylogenetic analysis, two cultivars, TOT 

5077 of Thailand and TOT 4100 of Taiwan had the highest bootstrap value indicating that they 

are more related than other cultivars investigated. A cluster that had the lowest bootstrap value 

consisted of cultivars CHM of South Africa, TOT 5028 and TOT 5330 of Thailand. Although 

clusters were formed between the cultivars, haplotype network recorded low nucleotide 

diversity which suggests that the cultivars originate from a common ancestor or same 

population. However, further study is necessary by collecting more cultivars of M. oleifera in 

the South African provinces from both farms and household gardens to gain a better 

understanding of its genetic diversity. 
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3.1 Introduction 

Moringaceae is one of the families under the order Brassicales (Kumssa et al., 2017a). It 

consists of only one genus, Moringa, which has 13 species (Senthilkumar et al., 2018).  One of 

the species gaining attention in the family is Moringa oleifera. The species is well known for 

its nutritional and medicinal properties as well as industrial purposes (Dhakad et al., 2019). 

The leaves of M. oleifera are reported to contain high levels of protein, vitamin C and B6, 

magnesium, iron, calcium and phosphorus (Moyo et al., 2011). Fresh or dried leaves and stems 

of M. oleifera have been used as an alternative for most animal feed (Sun et al., 2018). Most 

studies have been undertaken and were focused on M. oleifera leaf meal as an alternative feed 

for poultry (Cui et al., 2018), goats (Kholif et al., 2016)  and dairy cattle (Mendieta-Araica et 

al., 2011b). The studies reported that there was an improvement in egg quality, weight gain 

and milk quality (Mendieta-Araica et al., 2011a, Briones et al., 2015). Leaf extract of M. 

oleifera has been used as a crop enhancer or promoter to increase growth and yields of tomato, 

beans and maize (Culver et al., 2012, Mvumi et al., 2013). Furthermore, the extract was 

reported to prevent fungi and bacterial infections in crops.   

Beyond its use as food for human and feed for animals, M. oleifera is used for medicinal 

purposes. In a survey done in Ugandan communities, the majority of the people used M. 

oleifera leaves to alleviate symptoms of diabetes, hypertension, HIV/AIDS related symptoms 

and treat worms in both cattle and people (Kasolo et al., 2010). Traditional healers in some 

districts of Limpopo province, South Africa, also prescribed M. oleifera leaves for treatment 

of diabetes symptoms (Semenya et al., 2012). Other medicinal properties of M. oleifera include 

anti-inflammatory, anti-depression, cell proliferation inhibition and anti-cancer and also cure 

stomach aches and ulcers (Abdull Razis et al., 2014, Kumar, 2017, Popoola and Obembe, 

2013). In addition to medicinal purpose, M. oleifera is used in water purification and cosmetics 

(Baldisserotto et al., 2018, Delelegn et al., 2018).  

Thus far, there is limited knowledge on the genetic diversity of M. oleifera in South Africa. 

However, there are published articles that report on genetic diversity in other countries. The 

majority of the studies used DNA-based markers to determine the genetic diversity of the 

species. Simple sequence repeats (SSRs) designed by Wu et al. (2010) have been used in 

assessing genetic diversity of M. oleifera. Shahzad et al. (2013), Ganesan et al. (2014) and 

Popoola et al. (2017) used SSR markers to assess genetic diversity of the species in Pakistan, 
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India and Nigeria, respectively. All these studies reported large genetic diversity within the 

populations in each of the countries. Swati et al. (2020) investigated genetic diversity of M. 

oleifera using amplified fragment length polymorphism (AFLP) whereas Muluvu et al. (2004) 

used random amplified polymorphic DNA (RAPD). All these markers have their own 

advantages and disadvantages, however, they provide information on the genetic diversity of 

M. oleifera that can be used in conservation strategies or breeding programs. 

Organelle genes have been used successfully to determine the genetic diversity in plants. 

Mitochondrial and chloroplast genes are conserved and have slow rate of nucleotide 

substitution thereby making them the best genes for genetic and population diversity studies in 

plants (Smith, 2015).  Some of genes include matK, nadH, ITS, atpB, 16S RNA and cox1 

(Skuza et al., 2013). In M. oleifera genetic diversity studies, there are only few studies that 

used the mitochondrial or chloroplast genes. One of the gene that was previously and 

extensively used is the atpB (ATP synthase subunit beta) gene (Shahzad et al., 2013), which is 

involved in ATP synthesis. Shahzad et al. (2013) study focused on determining the genetic 

diversity of M. oleifera collected from five continents. The gene was successfully in 

determining the variation between the cultivars or accession of M. oleifera. Other studies that 

successfully used atpB gene for phylogenetic studies include that by Hoot et al. (1995) on 

species belonging to the Lardizabalaceae family, Guillon (2007) on horsetails, Mahmood et al. 

(2016) on varieties of apples and Iqbal et al. (2019) on species belonging to the Rhamnaceae 

family.  This background showed that atpB gene might be a suitable gene to study the genetic 

diversity in plants species. Therefore, the current study was aimed at investigating the genetic 

diversity of thirteen cultivars of M. oleifera present at the ARC, South Africa. 

3.2 Materials and methods 

3.2.1 Plant material collection 

Seeds of thirteen M. oleifera Lam. cultivars collected from several countries were sown in 

small pots in the green house by Moringa Agro-processing team in 2011 at the Agricultural 

Research Council (ARC) experimental farm in Roodeplaat, Pretoria (25°36’1.85”S ; 

28°21’54.78”E) (Figure 5). The seedlings were later transplanted to the field to allow for 

growth into mature plants. The plants were given the same the management practices and 

watered thrice a week with no fertilizers application. After every twelve months, the leaves and 

seeds were harvested and the remaining plant parts were cut down to allow regrowth from the 

roots/stems left. Of the thirteen cultivars (Table 1), eight were from the World Vegetable 

Centre (AVRDC) in Thailand, three were from South Africa and one cultivar each were from 



33  

 

Taiwan and USA. Each cultivar was represented by six replicate plants. Mature leaves from 

each replicate of all cultivars were collected and immediately stored at -80° C until use.  

 

Figure 5: Locality where M. oleifera cultivars were grown 

3.2.2 DNA extraction and quantification 

 DNA was extracted following the protocol on Quick-DNA™ Plant/Seed Miniprep Kit from 

Zymo Research. Leaves of M. oleifera were cut into small pieces and weighed to the total mass 

of 0,150g for each cultivar replicate. DNA was then extracted following the manual (Appendix 

1) from Quick-DNA™ Plant/Seed Miniprep Kit  

DNA purity and concentration was quantified using Nanodrop 2000 spectrophotometer 

(Thermo Scientific, USA) at the absorbance of 260 and 280 nm and DNA Elution buffer was 

used as a blank. The presence of DNA was further analysed using 1.5% agarose gel stained 

with ethidium bromide.  

3.2.3 PCR amplification and sequencing 

The atpB primers (Table 3), successfully amplified all thirteen cultivars. Gradient PCR was 

performed to determine the best annealing temperature (Table 4). All PCR reactions were set 

up to a total volume of 25µL consisting of 12.5uL of DreamTaq PCR Green Master mix 

(Thermo Scientific, USA), 1.0µL of each primer, 5.0µL genomic DNA and 10.5µL of distilled 

water. The PCR cycling conditions for atpB primer were set up according to Shahzad et al. 

(2013) with modifications on the annealing temperature according to the results from the 

gradient PCR. The unpurified PCR products were then quantified on 1.5% gel before it was 

sent to Inqaba Biotec (Pty) Ltd for sequencing. 
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Table 3: Primers used in PCR 

 

 

 

 

Table 4: Gradient PCR annealing temperature set up  

Different 

temperatures 

labels 

atpB (°C) 

A 66 

B 64.3 

C 63 

D 61.1 

E 58.8 

F 56.9 

G 55.7 

H 55 

3.2.4 Sequence and phylogeny analysis 

The sequences were edited using FinchTV and sequence identity was confirmed by Basic Local 

Alignment Search Tool in NCBI (https://www.ncbi.nlm.nih.gov/). The sequences were aligned 

together with atpB partial sequences of Staphylea bumalda and S. colchica using ClustalW in 

Molecular Evolutionary Genetics Analysis (MEGA) X. The best fit substitution model for atpB 

was found to be Jukes Cantor model with discrete Gamma distribution (+G) and assuming that 

some sites are evolutionarily invariable (+I). The DnaSP software was used to generate 

information on nucleotide diversity, haplotype diversity, average number of nucleotide 

differences, and Tajima’s D statistics. Nucleotide diversity, also as referred to nucleotide 

difference, is the difference between two sequences at a specific region in a population (Nei 

and Jin, 1989). Nucleotide diversity was introduced by Nei and Li (1979), and it determines 

Primer Sequence 

ID 

(Forward, reverse) 

Primers sequences References  

 

Chloroplast atpB 

gene 

F GGCCGTATTGCTCAAATCAT 

R TTTCCTCCACGACGATAAGG 

(Shahzad et al., 

2013) 
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the evolutionary relationships and genetic variation within the sequences or population. All the 

parameters from the DnaSP would help determine the genetic diversity among the cultivars. 

For phylogeny analysis, a maximum likelihood tree was constructed using bootstrap method 

on 1000 replicates with Heuristic search model of the nearest-neighbour interchange (Kumar 

et al., 2018). POPArT software was used to construct haplotype network which was used to 

support some of the data from DnaSP such as haplotype diversity and the number of haplotypes 

between the cultivars as well as determine the relationship between the cultivars (Leigh and 

Bryant, 2015, Rozas et al., 2017). 

3.3 Results 

3.3.1 PCR amplification 

The gradient PCR gave different results (band intensity) for the atpB primer (Figure 6). The 

annealing temperature chosen for PCR of the cultivars was 51.2 °C for atpB primer. The primer 

was able to amplify the gene in all thirteen cultivars. The samples amplified from the primer 

was then sent for sequencing 

 

 

 

Figure 6: Gradient PCR results using different temperatures 

3.3.2 Genetic diversity 

The atpB gene was successfully sequenced for M. oleifera cultivars and two species of 

Staphylea were used as outgroups. Evolutionary analysis conducted using MEGA X involved 

15 nucleotide sequences with the total of 404 positions in the final dataset. The sequence 

identity of all cultivar sequences was greater than 98% for M. oleifera. DNA polymorphism 

data (Table 5) were constructed using DnaSP v.5.10.01. DNA polymorphism data included 

M-MOLECULAR MARKER 

A- 66  

B- 64.3 

C- 63 

D- 61.1 

E- 58.8 

F- 56.9 

G- 55.7 

H- 55.0 

N- negative control 

EXPECTED LENGTH- 

400bp  

 

 

 

   M       A      B       C    D  E         F        G      H      M                  N 
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statistics such as nucleotide diversity, haplotype diversity, number of haplotypes and Tajima’s 

D values. 

In this study, the nucleotide diversity and average number of nucleotide difference was 

estimated to be 0.01654 and 6.58095, respectively. One other parameter used in DNA 

polymorphism is the haplotype diversity and number of haplotypes.  Haplotype diversity was 

0.943 whereas the number of haplotypes was 10 out of the 13 cultivars. The haplotype network 

constructed using POPArT in Figure 7b was able to support the data on the number of 

haplotypes. 

Under neutrality, the value of Tajima‘s D is expected to be zero. Positive or balancing selection 

is acquired when the value is positive and negative or expansion selection is acquired when the 

value is negative (Ahmed et al., 2018). In the study, Tajima’s D statistic was estimated to be -

0.959055, which indicates negative or expansion selection. 

Table 5: DNA polymorphism based on atpB gene of M. oleifera cultivars 

Nucleotide analysis  Parameter estimate 

Number of polymorphic (segregating) sites (S) 21 

Total number of mutations (Eta) 24 

Number of haplotypes 10 

Haplotype diversity (Hd) 0,943 

Nucleotide diversity 0,01654 

Theta (per sequence) from Eta 7,38107 

Variance of theta (with no recombination) 7,140 

*Tajima’s D -0,44999 (p>0.10) 

  

*P value greater than 0.10 was considered not significant 

  3.3.3 Population diversity 

Based on the phylogenetic analysis, there are four clusters that were observed when Maximum 

Likelihood and Bayesian trees (Figure 7a) were constructed. From Maximum Likelihood 

phylogenetic tree, it was observed that the cluster with the highest bootstrap value of 84% and 

well supported was observed between the cultivars TOT 5077 of Thailand and TOT 4100 of 

Taiwan.  The two cultivars seemed to be related to two more cultivars of Thailand which is 

TOT 4977 and TOT 7266. The cluster that consisted of South African cultivar CHM and 

Thailand cultivars TOT 5028 and TOT 5330 was poorly supported with the bootstrap value of 
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20%. The USA cultivar TOT 4880 was closely related to cultivar TOT 5169 of Thailand. 

Cultivars collected from SA, LIMPOPO and SH, were more related to each but distantly related 

to CHM. The haplotype network (Figure 7b) showed sequences that were more identical to 

each other. The network supported the results observed from the two phylogenetic trees in 

Figure 7a. The cultivars from Taiwan, SA and USA were more related to the Thailand cultivars 

than to each other. This shows that there was no geographical isolation between the cultivars.
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A. B.   

Figure 7a: Maximum likelihood (A) and Bayesian (B) phylogenetic trees based on the atpB gene. Maximum likelihood was constructed using 

Mega X whereas Bayesian tree was constructed using TOPALI software 
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A.                                           B. 

Figure 7b: Haplotype network (A) and identical sequences (B) representing the relatedness between M. oleifera cultivars with two Staphylea 

species as outgroup. Table labelled B are identical sequences represented by nodes but not shown on the haplotype network. The network was 

constructed using with POPArT

Node label      Matching 

Sequences 

 

TOT_4951      TOT 4951 

        

SH 

       

TOT 4893 

S._bumalda    S. bumalda 

      S. 

colchica 

 

CHM       CHM 

      

TOT 5330 

 

TOT 5077    TOT 5077 

      

TOT 4100 
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3.4 Discussion 

In this study, chloroplast gene atpB was used to determine genetic diversity among thirteen 

cultivars of M. oleifera available in South Africa. Previous studies done on genetic diversity of 

M oleifera cultivars focused on using PCR-based markers such as RAPD (Ojuederie et al., 

2013, Mgendi et al., 2010)  and SSR (Ganesan et al., 2014, Popoola et al., 2017, Rajalakshmi 

et al., 2017). All the studies reported high genetic diversity between the cultivars tested. From 

the polymorphic data (Table 5), a low nucleotide diversity of 0,01654 was observed. The results 

were further supported by a haplotype network observed in Figure 7b.  These results were not 

comparable with the values reported by Shahzad et al. (2013), who recorded the nucleotide 

diversity of 0,957 between cultivars collected from other parts of the world. The results of the 

two studies follow the neutral theory which states that higher population size allows for gene 

flow and therefore increases genetic diversity (Hague and Routman, 2016). Our study had a 

population size of 13 while Shahzad et al. (2013) had a population size of 161 thus low genetic 

diversity is expected in our study. 

From the phylogenetic trees, it was observed that each cluster, except the outgroup cluster, 

consisted of at least one cultivar from Thailand. Cultivar TOT 4100 from USA had the highest 

bootstrap value of 84% with the Thailand cultivar TOT 5077 while the cluster made of CHM, 

TOT 5028 and TOT 5330 had the lowest bootstrap value of 20%. The relationship between 

these cultivars were further illustrated on the haplotype network. Another clade that showed a 

higher bootstrap value of 81% was between the Taiwan cultivar TOT 4100 and Thailand 

cultivars TOT 5077, TOT 7266 and TOT 4977. This showed a higher level of relatedness 

between these cultivars. On the hand, the South African cultivars CHM, SH and Limpopo did 

not cluster together but they were rather scattered in the phylogenetic tree. This indicated that 

these cultivars are not necessarily more related to each other than the other cultivars. Higher 

bootstrap value between cultivars in the phylogenetic tree illustrates that the cluster or 

relationship is highly supported (Wiesemüller and Rothe, 2006). The bootstrap values higher 

than 50% is considered a good support for relatedness between species.  

The gene used in our study was designed by Shahzad et al. (2013). The focus of Shahzad et al. 

(2013) ‘s study was among cultivars collected from Pakistan and Florida (Educational 

Concerns for Hunger Organization, ECHO). The cultivars from ECHO were obtained from 10 

countries around the world (Shahzad et al., 2013). Although the cultivars were different from 

those used in our study, similar results were observed in Shahzad et al. (2013) ‘s study as more 

cultivars had similar sequences therefore forming one clade. This could have been as a result 
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of common ancestry between the cultivars or rather the cultivars were collected from one 

location but cultivated in different countries. On the hand, Stancheva et al. (2013) investigated 

variation between Spirogyra species in California and around the world using the atpB gene. 

The authors observed that genetic variation occurred at a taxonomic level lower than that of 

species (Stancheva et al., 2013). This is in contrast with the results observed in our study, which 

recorded less variation at the cultivar level. The differences in population sizes of 13 cultivars 

with their study of 1200 cultivars could have also played a role. The other factor that could 

have contributed to the results is location difference. In our study, seeds were collected from 

different regions and cultivated in the same area whereas in Stancheva et al. (2013) plant 

material was collected from plants grown in different regions. In this instance, the environment 

and adaptation by a species might have played a role in altering the genetic difference of the 

species.  

Cultivar variation is affected by various factors. Hyten et al. (2006) investigated the effect of 

bottleneck events on genetic variation between soybean cultivars. From the results obtained, 

the authors concluded that the introduction of bottlenecks as well as intensive breeding 

decreased the genetic diversity between the cultivars tested.  Selective breeding of cultivars for 

adaptation to climatic conditions, high yield and herbicide resistance could lead to low genetic 

diversity (from inbreeding) between cultivars and in turn makes the cultivars susceptible to 

diseases  (Mathews and Campbell, 2000) . A review by Bhandari et al. (2017) discussed some 

more factors (e.g mutation, migration and selection) that may lead to genetic variation in plants. 

The results in this study expressed the genetic diversity between M. oleifera cultivars present 

in South Africa. Although the population might be considered small, the results can still be 

used in breeding or conservation strategies in South Africa. Future research can focus on the 

genetic diversity on M. oleifera cultivars present in South Africa using PCR- based markers 

such RAPD and SSR that have already been designed. This will allow comparison between 

genetic diversity present in South Africa and southern Africa or beyond the region. 

Morphological variation between cultivars of M. oleifera available in South Africa can also be 

investigated with more cultivars added to the study.  

 3.5 Conclusion  

In this study, the genetic diversity of thirteen cultivars of M. oleifera were tested using atpB 

primers. The low genetic diversity and high haplotype diversity observed among the cultivars 

illustrated that the cultivars are closely related to each other.  They further illustrated that there 
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was no geographical isolation among the cultivars, which might mean that seeds collected from 

the different regions could have evolved from one population. The results will help researchers 

in improving the characteristics of the cultivars that have traits preferred by farmers especially 

those struggling with pest attack which reduces their yield and product (crop) quality.  On the 

hand, policy makers can be able to use this data to decide which cultivars can be approved to 

be grown by farmers. However, more cultivars available in South Africa could be included in 

future research, new markers could also be designed and existing markers such as SSR and 

RAPD could be used to determine the genetic diversity in the cultivars. 

3.6 Limitations of the study and future research recommendations 

Although the research project was successful, there were few limitations encountered through 

the study. This include insufficient sample size, and previous studies as well as constraint time. 

The results of the study would have been more accurate if more cultivars were included in the 

study. This would have added even more information on other cultivars that are available in 

South Africa. If ever cultivars similar to those collected in other countries are found, they would 

be compared to see how similar or different they are to the ones growing in South Africa. 

Secondly, the absence of previous research studies on gene markers used in M. oleifera was a 

huge limitation to this study. Most M. oleifera genetic diversity studies focused on SSR and 

RAPD markers. Only one published study by Shahzad et al. (2013) was able to develop a gene 

marker specific to M. oleifera. This leaves a gap further research on developing gene markers 

specific to M. oleifera. The last limitation encountered was the constraint time given for 

completion of the project. The research project together with the dissertation must be finished 

within two years. The amount of time given is not enough for students to write proposal, collect 

data, perform experiments, analyse data and write thesis.  

Overall, there is still knowledge gaps on the genetic diversity of M. oleifera cultivars present 

in South Africa. Future research can focus on finding other cultivars outside of the Agricultural 

Research Council’s Vegetable and Ornamental Institute, using SSR and RAPD already 

developed to determine if same results as those published are observed, develop new gene 

markers for studying genetic diversity of M. oleifera cultivars in South Africa, and determine 

morphological diversity among the cultivars.  
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APPENDIX 

Appendix 1: Method used for DNA extraction from Moringa oleifera leaves as stated on Quick-

DNA™ Plant/Seed Miniprep Kit manual from Zymo Research  

 

The leaves of M. oleifera were cut into small pieces and transferred into a ZR BashingBead™ 

Lysis Tube and 750 µL of BashingBead™ buffer was added to the tube. The tube was placed 

in Disruptor Genie® and run at maximum speed for 20 min to disrupt the plant tissue and then 

micro-centrifuged for 60 s at a speed of 10000 x g. An amount of 400 µL of the supernatant 

from the tube was transferred to a Zymo-Spin™ III-F Filter in a collection tube and centrifuged 

for 60 s at 8 000 x g. The filter tube was discarded and 1200 µL of genomic lysis buffer was 

added to the contents in the collection tube and mixed well. Some 800 µL of the mixture was 

transferred to the Zymo-Spin™ IICR Column in a collection tube and centrifuged for 60 s at 

10 000 x g. The contents of the collection tube were discarded and the previous step was 

repeated.  The column was transferred to a new collection tube and 200 µL of DNA pre-wash 

buffer was added to the column and centrifuged at 10 000 x g for 60 s. This was followed by 

500 µL g-DNA wash buffer addition and centrifugation at 10 000 x g for 60 s. The Zymo-

Spin™ IICR column was transferred to a new collection tube, 100 µL of DNA elution buffer 

was added and all contents were centrifuged at 10 000 x g for 30 seconds. On the side, 600 µL 

of prep solution was added to Zymo-Spin™ III-HRC filter in a collection tube and centrifuged 

at 8 000 x g for 3 min. Finally, the eluted DNA was transferred to the Zymo-Spin™ III-HRC 

in a new collection tube and centrifuged for 3 min at 16 000 x g. The DNA extracted from the 

leaves was in the collection and ready to be used for the next step. These procedures were 

repeated for all 13 cultivars. 

 




