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ABSTRACT

Vernonia galamensis L. is a wild plant from the family Asteraceae which is endemic to East
Africa. This crop has the potential to become a new oil crop for industrial uses with very high
content of natural epoxidized oil, which can be used for manufacturing of polyvinyl chloride,
petrochemicals, cosmetic and pharmaceutical products. Knowledge of the genetic structure of
the crop is important for its improvements, conservation and wise-utilization. Therefore, the
present study was designed to investigate the genetic diversity and population structure of 60 V.
galamensis L. germplasm in Ethiopia representing eight populations using eight inter simple
sequence repeat markers. Awide range of diversity indices including number of alleles, effective
number of alleles, Shannon's diversity index, percentage of polymorphic loci and polymorphic
information content, were computed to determine the extents of genetic variation within and
among populations. Analysis of molecular variance was performed to see genetic variation
within and among the populations. All the markers used in the present study were polymorphic
and highly informative. Polymorphic information content ranged from 0.5 to 0.71 with overall
mean of 0.51. A high within-populations genetic diversity was confirmed with gene diversity
values ranging from 0.28 to 0.43 with an overall mean of 0.36. Analysis of molecular variance
revealed that most (65%) of the total genetic variation was accounted for within populations
genetic variation and 35% was among population variation. Clustering and Principal co-
ordinate analyses did not sharply group the materials following their geographical areas of
sampling. Population structure analysis revealed the presence of two sub-populations with lower
degree of genetic admixture. In this study Inter simple sequence repeat markers were observed to
be an appropriate molecular marker to analysis genetic diversity and population structures of
Vernonia galamensis in Ethiopia. Among the studied populations, East Shoa and East Hararghe
populations showed relatively higher gene diversity indicating that these sites could be targeted
for breeding and conservation of Vernonia galamensis. Therefore, the present study had
successfully disclosed the genetic diversity and population structure of Vernonia galamensis

germplasms in Ethiopia.

Keywords: Clustering, Conservation, Genetic diversity, ISSR marker, Polymorphism, Vernonia

galamensis
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1.INTRODUCTION

Vernonia (Vernonia galamensis (Cass.) Less.) (2n = 18) is the most important wild oil crop that
belongs to Asteraceae (Compositae), a diverse group of angiosperms (Rahman et al., 2008). This
species, often called ironweed and its genus has two major centers of origin, South America and
tropical Africa (Kedir, 2019). Most of the Vernonia species occur in South America although
more than 300 species are occurred in Africa countries such as Ethiopia, Madagascar, Cape
Verde, Eritrea, Mozambique, Kenya and northern Tanzania (Perdue et al., 1986). The highest

diversity of V. galamensis is mostly occurring in Ethiopia and Kenya (Baye & Becker, 2005).

In Eastern and South Eastern Ethiopia, the plant is found in farmlands, in the forests, and in the
compounds of mosques and churches. The species is diversified in areas with well-drained soil,
well defined seasons with relatively warm climate, and it occurs in areas with annual rainfall as
low as 250 mm (Kedir 2009). Nowadays, V. galamensis is grown in many parts especially in

eastern, southern and southeastern parts of Ethiopia.

Economic importance of V. galamensis comprises manufacturing of polyvinylchloride, paints,
adhesives, insecticides, and structural polymers for the production of plastic materials and
petrochemicals (Shimelis & Hugo, 2010). The seed of this crop produces useful natural epoxy
fatty acids that are better than artificial epoxy oils and contain high amount of vernolic acid
(Shimelis et al., 2008), which has many applications in the chemical, pharmaceutical and agro-
processing industries. In addition to industrial use, Vernonia oil is used as traditional medicine,
food, and possessing antitumor and antiviral activities and also the leaves have been smoked in
place of tobacco in Ethiopia. In Tanzania, the leaves are cooked in porridge, or drunk as a tea to
treat chest pain and in Kenya the plant is used to treat stomach pain (Van der Vossen et al.,
2007)

Studying the genetic diversity of V. galamensis is useful for its effective utilization,
conservation, improvement and management (Idrees & Irshad, 2014; Govindaraj et al., 2015;
Bhandari et al., 2017). Genetic diversity analysis could be conducted based on morphological,
biochemical, molecular markers or their combination (Govindaraj et al., 2015). Morphological
characterization that depends on phenotypic traits like colour, shape, size etc is considered to be

less reliable as the traits are highly influenced by environmental factors or management



practices. Similarly, the lower level of polymorphism, technical complexity, developmental stage
and tissue specificity made biochemical or protein markers less applicable for genetic diversity
analysis (Chittaranjan & Albert, 2008).

Nowadays, DNA markers are the method of choice for genetic analysis as they are highly
polymorphic, stable and detectable in all plant tissues regardless of the growth, differentiation,
development or status of cells, and not influenced by environmental factors (Bornet et al. 2002).
Molecular marker are functional instruments for examining genetic difference and offer a well-
organized means to connect genotypic and phenotypic difference (Varshney et al. 2005). One of
the most convenient and popular methods to identify and study of intraspecific genetic
polymorphism is interring simple sequence repeats (ISSR) PCR based technology. The technique
is very reproducible due to the utilization of longer primers, which permit for top annealing
temperatures (Saleh et al., 2016). It targets the simple sequence repeats and amplify the region
between two closely spaced and oppositely oriented SSR loci to scan polymorphisms among
germplasm without prior knowledge of the DNA sequence.

In Ethiopia, V. galamensis is neglected, limited information is available, is only considered as a
wild weed and colonizing disturbed areas with bare agricultural lands. Even their production and
management system is restricted, their potential value for industries has been underutilized and
underexploited (Kedir, 2019). Molecular diversity analysis on the crop is greatly limited.
Therefore, the present study was targeted to investigate the genetic diversity and population
structure of V. galamensis collected from selected regions of Ethiopia using ISSR markers to

generate baseline information useful for its improvement, conservation and wise-uses.



1.2. Statement of the problem

Vernonia galamensis is a weedy plant that naturally grows in marginal and disturbed areas. This
makes it ideal for developing countries within the tropics because it reduces possible competition
for land with other food crops, creates diversification of products, serves as a break crop to
prevent pest damage, as an insurance against crop failure and as a new cash crop. This species
has a major potential as an industrial source of vernolic acid due to a high demand of natural
epoxidized oil (Shimelis et al., 2008). Because of the high oil and vernolic acid content and its

relatively low shattering nature, subsp. galamensis var. ethiopica has been the focus of research

(Van der Vossen & Mkamilo, 2007).

In spite of its importance, the species is underestimated and underexploited. No much attention
has been given to its improvement and conservation. Furthermore, detailed information about the
production system,genetic variability and genetic potential are major limitation of V. galamensis
variety Ethiopica. So far, limited molecular diversity studies have been reported for V.
galamensis (Ramalema et al., 2010; Nwakanma et al., 2018; Kedir, 2019; Alemneh et al.,2020)
However, there were no ISSR markers report(s) on V. galamensis genetic diversity in Ethiopia
and elsewhere in the world. This study is, therefore, aimed at assessing the genetic diversity of V.

galamensis germplasm using ISSR markers.



1.3. Objectives

1.3.1. General objective

To assess the genetic diversity and population structure of Vernonia galamensis germplasm
collected from selected areas of Ethiopia using inter simple sequence repeat (ISSR) markers.

1.3.2. Specific objectives

» To investigate the genetic diversity of V. galamensis in Ethiopia using inter simple
sequence repeat (ISSR) markers

» To identify the population structure of V. galamensis in Ethiopia based on inter simple
sequence repeat marker data.

» To evaluate the potential of ISSR technique to detect the level of diversity present in

samples collected from different regions of Ethiopia.

1.3. Significance of the study

The result of this study:

» Could provide information on the general genetic diversity of V. galamensis germplasm
which may assist in the identification and selection of genetic material for conservation and
improvement

» Can indicate the possible application of inter simple sequence repeat markers to genetic
diversity of vernonia galamensis.

» Can be used as a reference for other researchers to do similar works.



2.LITERATURE REVIEW

2.1. Vernonia: origin and distribution

Genus Vernonia have two major centers of origin, South America and tropical Africa (Kedir,
2019. The great diversity is found in East African countries and only one variety occurs in West
Africa (Van der Vossen & Mkamilo, 2007). Those genus comprises greater than1,000 species
and among this more than 300 species are described from Africa with about one-third in
Madagascar and about 50 in Ethiopia. Vernonia galamensis variety ethiopica was first identified
in 1964 by Perdue in eastern Ethiopia on the Harar-Jijiga road (9°14 N and 42°35 E at 1700 m
above sea level) and later distributed to other African countries like Eritrea, Kenya and Tanzania
(Thompson, et al., 1994) Recent studies on herbarium materials in Addis Ababa, Ethiopia, and
Kew, London, indicated the existence of about 40-50 species in Ethiopia and the species grown

in many parts of the country especially around the city of Harar (Naliaka, 1990).

2.2. Taxonomy

According tothe taxonomic revision of the species, galamensis is recognized to include six
subspecies such as galamensis, mutomoensis, nairobensis, afromontana, gibbosa, and
lushotoensis. Moreover, subspecies galamensis has four botanical varieties, namely variety
galamensis, petitiana, australis, ethiopica (Ramalema et al., 2010). Based on its taxonomic

classification V. galamensis variety ethiopica was used in the current study.



Taxonomic classification of V. galamensis can be placed as:
Kingdom: Plantae (plants)
Division: Entophyte (flowering plants)
Sub division: Angiosperm
Class: Magnoliopsida
Order: Asterales
Family: Asteraceae
Sub family: Cichorioideae
Tribe: Vernonieae

Subtribe: Vernoniinae
Genus: Vernonia

Species: V. galamensis

2.3. Morphology of V. galamensis

The morphological characters of the V. galamensis plant was described comprehensively by Perdue
et al., (1986), and reported that V. galamensis is an herbaceous, usually annual, varying from small
ephemerals 20 cm tall with a single flower head which grow up to 5 m tall with many flower heads.
It is potentially grown as a seed oil crop in tropical and subtropical environments with frost-free and
short-day length for flower initiation and development. It is also noted that the stems branch only
after the first flower head is formed and the inflorescence consists of a terminal flower head with
lateral flower heads from the uppermost axils. V. galamensis leaves is alternate, semi-transparent,
0.6-5cm wide and 25 cm long (Kedir, 2009).

2.4. Ecology of V. galamensis

Vernonia galamensis is endemic to East African countries, and naturally grows as a weed in the
fields or in woodlands and adapted to the semi-arid tropics of dry land. The species is diversified in
areas with well-drained soil, well defined seasons and relatively warm climate (Baye, 2002; Baye
and Becker, 2005). It also requires a rainy season that provides sufficient moisture to permit the
main flower heads to develop (Baye et al., 2001). However, it can grow under low rainfall as 250

mm and marginal conditions that is suitable for dryland farming. But, a long



rainy season permits developing secondary flower heads, resulting in non-uniformity of
maturation and a risk of seed shattering (Hadebe et al., 2017). In Eastern and south eastern
Ethiopia, the plants are found in farmlands, in the forests, and in the compounds of mosques and
churches. The plants tolerate substantial shading, high temperature and full sun as long as the
soil moisture is sufficient (Shimelis et al., 2008).

2.5. Economic importance of V. galamensis

V. galamensis has a major potential as an industrial source of vernolic acid due to a high demand
of its natural epoxidized oil (Shimelis et al., 2008). V. galamensis, has several advantages over
many other oil seeds. Primarily, the plant high oil yield which is more than 40% oil content of
total seed weight. Next, the plant is resistant to insect pests, disease and drought. Thirdly, V.
galamensis grows in areas with low annual rainfall as little as 200mm of seasonal rainfall which

makes it suitable cash crop for farmers of arid and semi-arid areas (Baye & Sileshi2002).

The industrial use of V. galamensis seed oil (vernolic acid) is important to reduce emissions of
volatile organic compounds, and thus is environmentally friendly, it is also less expensive
(Bhardwaj et al., 2000). In contrast, chemically synthesized epoxidized soybean and linseed oil
are highly viscous, expensive (need high epoxidation process) and contains volatile organic
compounds (VOC) with high emission to the environment during processing and use. In
addition, artificial epoxidized oil is semi-solid at 10°C and may not be poured at 0°C while
vernolic acid are often poured even below the melting point (Mebrahtu et al., 2009; Shimelis &
Gwata, 2013). The low viscosity of vernonia oil makes it a good solvent in paint manufacture,
while its highly reactive epoxy group makes it to chemically bind in the dried paint rather than

evaporating to the atmosphere (Shimelis & Hugo, 2011).

A recent work by Getachew Ali (2008) on Ethiopian varieties of V. galamensis shows average
oil content of 35.21% with high variability among various germplasm. The presence of epoxy
group, the low viscosity and polymerizing characteristics of this oil makes it valuable as a
solvent in industrial coatings and paints. The product of this plant (\Vernonia oil) could also be

used as a natural source of plasticizers and stabilizers for producing



polyvinylchloride (PVC) plastic, which is currently manufactured from petroleum. Similarly uses
as lubricants, adhesives, protective coatings, cosmetics, detergents, a raw product for nylons and

much more (Jaworski & Cahoon, 2003).

2.6. Plant genetic diversity

Genetic diversity can be expressed as any variation in the nucleotides, genes, chromosomes, or
genomes of a species at the level of individual, population, species and sub-species for a given
time (Fu, 2015). Genetic diversity reflects the presence of various alleles within the gene pool,
and hence, different genotypes within populations. Genetic diversity of crops plays an important
role in sustainable development and food security in such a way that highly diversified species
have probability to survive in any environmental condition (Esquinas & Alcazar 2005).
Knowledge of the genetic diversity and population structure of germplasm collections is an
important foundationfor crop improvement and a key component of effective conservation and

breeding strategies (Thomson et al., 2007).

Genetic diversity can be measured by counting the number of different alleles in a gene pool.
Populations with greater genetic diversity are experienced with high fertility, low mortality and
able to evolve in response to a changing environment than those with low genetic diversity even
in good environmental conditions (Bhandari et al., 2017). The assessment of genetic diversity
within and between plant populations is routinely performed on the basis of morphological,
biochemical, and molecular markers (Shimelis et al., 2008; Govindaraj et al., 2015).

2.7. Markers and their application in genetic diversity assessment

A genetic marker is a gene or DNA sequence with a known location on a chromosome that can
detect variation in either a protein or DNA sequence. A difference, whether phenotypic or
genotypic, may act as a genetic marker if it identifies characteristics of an individual’s genotype
and/or phenotype, and if its inheritance can be followed through different generations (De
Vicente & Fulton, 2003). The analysis of genetic diversity within and among populations
routinely involves the use of different genetic markers. Nowadays, genetic markers are used in

both basic plant research and plant breeding programs to characterize plant germplasm, for gene



isolation, marker assisted introgression of favorable alleles, and production of improved varieties
(Henry, 2001).

There are three major types of genetic markers: morphological markers (also called “classical™ or
"visible™ markers) which are phenotypic traits, biochemical markers, which are called isozymes,
including allelic variants of enzymes and DNA markers (or molecular markers)which reveal sites
of variation in DNA .Each type of marker system has its own advantages and disadvantages and
type of marker is selected based on the species types, availability and cost benefit analysis
(Semagn et al., 2006).

2.7.1. Genetic diversity study by using molecular markers

Molecular markers are fragments of DNA sequence that are associated to a part of the genome
carrying gene responsible for a trait (Adebayo et al.,2015). Molecular markers have several
advantages over the phenotypic markers that are challenging and time-consuming to choose by
plant breeders (Kedir, 2019).

These DNA markers are not influenced by environmental conditions and are detectable at all
plant growth stages. They are important to study genetic diversity of the plant and manage plant
genetic resources and also used to detect tolerance or susceptibility for abiotic stresses in crop
plants, (Song et al., 2003), The most common types of dominant DNA markers that are used for
genetic diversity studies are Random amplified length polymorphism (RAPD), Inter simple
sequence repeat (ISSR), Amplified fragment length polymorphism (AFLP), polymorphism (De
Vicente & Fulton, 2003). Molecular markers are commonly used to characterize genetic diversity
within or between populations or groups of individuals because they typically detect high levels

of polymorphism (Dalirsefat et al., 2009).



2.8. Non-PCR based molecular markers

2.8.1. Restricted fragment length polymorphism (RFLP)

Restricted fragment length polymorphism was hybridization based molecular marker technique.
In case of these markers, the genomic DNA is digested and a series of fragments having varied
length produced by restriction enzymes (Preetha & Raveendren, 2008). These markers enabled
DNA variations to be tested as substitutions of a single base in the recognition sequence of a
restriction enzyme that altered the length of resultant restriction fragments (Schlotterer, 2004).
RFLP markers have wide range of application due to their co-dominance nature, high

reproducibility and cheap methods toperform (Misra, 2009).

Conversely, RFLP requires the presence of high quantity and quality of DNA which is time
consuming, laborious, uses probe that is difficult to handle and dispose (Said and Kassahun
2012), Beside this (RFLP) markers, have low level of DNA polymorphism especially in a self-
pollinated crop that make many researches have turned to PCR based markers (Burow et al.,
2012).

2.9.PCR- based molecular markers

PCR was the major breakthrough for Molecular markers. Any genomic region could be
amplified and analyzed in many individuals without the requirement for cloning and isolating
large amounts of ultrapure genomic DNA (Schlotterer, 2004). PCR based approach uses only
small quantities of DNA, avoid DNA blotting and use of radioactivity and are amenable to
automation (Nagaraju et al., 2001). This technology has led to the development of a number of
simple and quick techniques such as RAPD, ISSR and AFLP. Most of the PCR based markers
with other novel approaches have been extensively utilized in genetic diversity assessment
(Montes et al., 2009).

2.9.1. Random amplified polymorphic DNA (RAPD)

Random Amplified Polymorphic DNA (RAPD) is based on the amplification of genomic DNA
with single primers of arbitrary nucleotide sequence, usually 10 bp long (Williams et al., 1990).
RAPD markers are useful DNA based method for initial assessment of genetic variation,
especially the assessment of genetic diversity in plant species (Song, 2005; Fedlu Hassen et al.,

2007). Since RAPD technique is simple, no requirement of sequence information for primer
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design and no probe development to precede it is extensively used in genetic variability analysis
of various plant and animal species (Arya et al., 2011). Lower reproducibility because of low
stringency condition is the main disadvantage of RAPD. Therefore, constant reaction conditions
are crucial for reliable and reproducible results (Weising et al., 2005).

2.9.2. Amplified fragment length polymorphism (AFLP)

Amplified fragment length polymorphism is a PCR-based marker that used in genetic research
and DNA finger printing. The technique uses restriction enzymes to cut genomic DNA, followed
by legation of adaptors to the sticky ends of the restriction fragments (Srivastava & Misra, 2009).
This marker is used to distinguish closely related individuals in sub species level (Althoff et al.,
2007). AFLP gives high level of resolution to allow delineation of complex genetic structures, to
differentiate individuals in a population gene flow experiments and also to register plant varieties
(Misra et al., 2010). The advantages of AFLP are highly reliable and reproducible, it does not
require any DNA sequence information from the organism under study, it is information-rich due
to its ability to analyze a large number of polymorphic loci simultaneously (effective multiplex
ratio) with a single primer combination on a single gel as compared to RAPDs, RFLPs and
microsatellites, co-migrating AFLP amplification products are mostly homologous and locus

specific with exceptions in polyploid species (Kumar et al., 2014).

However, limitations of AFLP are that it requires a greater number of steps to produce the result,
requires template DNA free of inhibitor compounds that interferes with the restriction enzyme,
the technique requires the use of polyacrylamide gel in combination with AgNO3 staining,
radioactivity, or fluorescent methods of detection, which will be more expensive and laborious
than agarose gels, involves additional cost to purchase both restriction and ligation enzymes as
well as adapters. Most AFLP loci are dominant, which does not differentiate dominant
homozygotes from heterozygotes (Misra et al., 2014). This reduces the accuracy of AFLP
markers in population genetic analysis, genetic mapping, and marker assisted selection (MAS)
(Govindaraj et al., 2015).
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2.9.3. Simple sequence repeat (SSR)

SSR is one of the most powerful molecular marker and characterized by a high degree of
repetition and occurs at many thousand loci in the nuclear genome (Singh et al., 2010). SSR
polymorphism reflects differences in simple repetitive sequences of defined regions of the
genome and the repeated sequence consisting of di-, tri-, and tetra nucleotide repeats. SSR
markers are frequently amplified by polymerase chain reaction (PCR), using two unique
sequences which are complementary to the flanking regions as primers (Govindaraj et al., 2015).
PCR reactions for SSRs are performed within both forward that anneal at the 5’ and reverse
primers anneal at 3" ends of the template DNA. The polymorphisms are identified by building
PCR primers for the DNA flanking the short tandem repeats region. SSR markers are
consistently distributed throughout the genome, highly polymorphic, easily automated, good
analytic resolution and highly reproducible which make them a preferred choice of markers
(Matsuoka et al., 2002). SSR are most broadly used for individual genotyping, germplasm

evaluation, genetic diversity studies, genome mapping, phylogenetic and evolutionary studies.

However, build out of microsatellites requires extensive knowledge of DNA sequences, and
sometimes they underestimate genetic structure measurements; hence they are developed mainly
for cultivated species, rather than wild species (Mondini et al., 2009). Beside this, Initial
isolation of useful SSR loci are often time consuming and expensive process (Chittaranjan &
Albert, 2008).

2.9.4. Single nucleotide polymorphism (SNP)

SNPs are a single nucleotide base difference between two DNA sequences or individuals that
exist in coding, non-coding and in the intragenic regions between genes at different frequencies
in different chromosome (Kumar et al., 2014). These markers are the most abundant source of
polymorphisms and widely distributed throughout the genomes with a variable distribution
among species. SNPs can be identified by using either microarrays or denaturing high-
performance liquid chromatography (DHPLC) machines. They are used for a wide range of
purposes, including rapid identification of crop cultivars and construction of ultrahigh-density
genetic maps. They provide valuable markers for the study of agronomic or adaptive traits in
plant species, using strategies based on genetic mapping or association genetics studies and show

high stability and easiness of standardization (Werner et al., 2004).
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Even though, SNP’s have several advantages over other technology, there are limitations to the
discovery of SNP’s in the non-model organism. This is due to the expenses and technical
difficulties involved in the currently available SNP isolation strategies (Bali et al., 2018).

2.8. 5. Inter simple sequence repeat (ISSR)

Inter simple sequence repeat (ISSR) markers are region of the DNA located at specific region
between two inverted simple repeat regions when primers are annealed on two microsatellites
sequence of DNA strand. Among various PCR-based markers, ISSR markers have been revealed
to be useful as novel DNA markers in studies on purposing crop improvement such as genomic
fingerprinting, phylogenetic analysis and gene tagging (Isshiki et al., 2008). ISSR markers
amplify regions between adjacent and inversely oriented microsatellites using di-, tri-, tetra- and
penta nucleotide. The PCR reaction generates band of particular size for each locus that scored
for a private allele in binary way as 1 or O (presence or absence of product), respectively. Inter
simple sequence repeat (ISSR) sequences as molecular markers which will result in the detection
of polymorphism and also a replacement approach to review SSR distribution and frequency.
ISSR primers with the advantage that the information of the target DNA sequence is not required
(Shen et al., 2010).

The ISSR is technically simple; more specific than RAPD to review genetic diversity do to its
longer SSR based primers (16.25bp). It has been used for evaluating the genetic variation and
genetic relatedness of crop species with higher primer annealing temperature (45°C-60°C) which
enable for higher strength and bad reproducibility. The major limitations of other molecular
markers like low reproducibility of RAPD, high cost of AFLP, the necessity to understand the
flanking sequenceto develop specific primers for SSR polymorphism and enormous quantity of
genomic DNA for AFLP (Saleh et al., 2016) are overcome by this (Anne, 2006).

The generation of ISSR markers makes use of microsatellite sequences that are highly variable
and ubiquitously distributed across the genome, had higher reproducibility compared to RAPDs
and, take less time and low cost compared to AFLPs. Moreover, ISSR Markers are used as
markers for genetic variation studies (Shafiei-Astani et al., 2015), DNA fingerprinting (Shen et
al., 2006) and ISSR markers produce amplified products of 200-2000 bp long and are used for
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genetic characterization of varied plant species such as Hagenia abyssinica (Tiliye et al., 2007),
coffee (Coffee- arabica L.), (Esayas et al., 2005; Kassahun et al., 2014), rice (Oryza- sativa)
(Gezahegn et al., 2010), anchote (Coccinia abyssinica (Lam.) Cogn.) and (Abreham et al., 2014).
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3.MATERIALS AND METHODS

3.1. Plant materials and sampling strategy

The study involved a total of 60 V. galamensis germplasm representing eight populations (Table
1 and Appendix 3) that were collected from major growing regions of Ethiopia. Seed of the study
material were mainly collected from Oromia, Amhara and, Southern Nations, Nationalities and
Peoples Regional State (Figure 1). For use in genomic DNA extraction, healthy young leaves
were collected from six weeks old seedling (pooled from 3 plants per accession) that were grown
at Adama science and Technology University. The collected leaf samples were dried with silica
gel in zip locked plastic bag at room temperature and preserved until genomic DNA extraction
was executed. The dried leaf was transported to Addis Ababa University, Institute of

Biotechnology, plant genetics research laboratory, for genotyping.

Table 1.Number of V. galamensis genotypes used for molecular diversity analysis

No. Populations No. of genotypes

1 Borena 8

Derashie

East Shoa
East Hararghe
Konso

South Wollo
West Arsi
West Gojjam

0 N o U A W N
0 ~N © ~N 00 ~N

Total 60
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Figure 1. Map of V. galamensis collection areas in Ethiopia
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3.2. Genomic DNA extraction

Genomic DNA extraction and downstream activities were carried out at Institute of
Biotechnology Ababa University. Genomic DNA extraction was conducted according to
modified cetyl tri methyl ammonium bromide (CTAB) protocol (Govers, 2005), (Appendix 4).
Then, the extracted DNA quality was determined in 1% agarose gel. The DNA quantity was
confirmed using Nano Drop (NanoDrop™2000/2000c) spectrophometer (Termo Scientific™.
USA). Then, the final concentration of each genomic DNA samples was adjusted to 100 ng pL-1

for use in PCR amplification and stored at -20°C until use.

3.3. Primers selection and optimization

A total of thirteen available ISSR primers which were originally obtained from University of
British Colombia (UBC) were screened for their polymorphism and reproducibility on eight
randomly selected samples (Table 2). The primers annealing temperatures were gradient

optimized.
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Table 2. List of the 13 primers, sequence, amplification pattern, repeat motifs and annealingtemperature,
used for optimization and screening.

Primers  Sequence Amplification quantity Repeat Ta Remark

code (5'-3") Motifs

812 (GA) 8A Reproducible and di- 45°C Selected
polymorphic

818 (CA) 8G Reproducible and di- 48°C Selected
polymorphic

835 (AG) 8 CC  Reproducible and di- 48°C Selected
polymorphic

841 (GA)8 TC  Reproducible and di- 48°C Selected
polymorphic

844 (CT)8GC  Reproducible and di- 48°C Selected
polymorphic

845 (CT)8GG  Reproducible and di- 48°C Selected
polymorphic

848 (CA)8 AG Reproducible and di- 48°C Selected
polymorphic

881 (GGGTG)3 Reproducible and penta- 48°C Selected
polymorphic

826 (AC)8 CC  No Banding di- 45°C Not selected

814 (CT) TA No Banding di- 48°C Not selected

809 (AG) GG No Banding di- 50°C Not selected

824 (TC)G No Banding di- 50°C Not selected

860 (TG) GA No Banding di- 45°C Not selected

Total 13 Selected 8

Ta = annealing temperature in degree Celsius
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3.4.PCR Amplification and gel Electrophoresis

The polymerase chain reaction was conducted using biometra 2003 Thermo cycler machine.
PCR Amplification was carried out in a 20 pl final reaction volume containing 2ul template
DNA (100 ng pL™), 11.7ul dd H20 (ultra-pure), 0.5ul dNTPS, 2.5ul PCR buffer (10x), 2.5ul
MgCl, (25 mM), 0.5ul primer (20 pmol/ul), and 0.3ul Taq polymerase. The PCR program was
set at an initial denaturation step for 4 minutes at 94°C followed by 40 cycles of 1-minute
denaturation at 94°C, primers annealing at 45/48°C (depending on the primers) for 30s, primer
extension at 72°C for 1-minute 30s and final extension at 72°C for 7 minutes followed with
holding temperature at 4°C. The PCR product was stored at 4°c until loaded on the gel for
electrophoresis. The products were fractionated in 2% agarose gel using 1 X TBE buffer at 100
V for 2 hrs. The gel was stained in gel red (2 pl), visualized under UV light and subsequently
photographed using a BIO-RAD Gel Doc TM EZ Imaging System. A 100 bp size ladder was
used to estimate the size of the amplified products.
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3.5. Data scoring and analysis

Each ISSR bands were treated as a unit character and clear bands were counted manually after
taking gel image with gel documentation system and scored as binary data; ‘1’ for band present,
‘0’ for band absent, and ‘?” for missing data. The resulted binary data matrix was subjected to
different molecular software to execute the various genetic diversity parameters. Number of
alleles (Na), number of effective alleles (Ne), Shannon’s information index (I) gene diversity (h),
genetic identity and genetic distance (GD), analysis of molecular variance (AMOVA),
percentage of polymorphic loci (% PPL) and principal coordinate analysis (PCoA) were
calculated using GenAlex version 6.5 software (Peakall & Smouse, 2012). Locus based diversity
indices including major allele frequency (MAF) and polymorphic information contents (PIC)
were analyzed using power marker version 3.25 software (Liu & Muse, 2005). Population
differentiation (Fst) and gene flow (Nm) were determined using POPGENE version 1.32 (Yeh et
al., 1999).

A genetic dissimilarity matrix parameter (Unweighted Pair Group Method with Arithmetic mean
(UPGMA) was calculated using Darwin software version 6.0 (Perrier & Jacquemoud-Collet,
2006). Population structure and admixture patterns were determined using the admixture model
based on the Bayesian algorithm implemented in STRUCTURE software version 2.3.3
(Pritchard et al., 2000). The admixture model with correlated allele frequencies was used,
assuming that the genome of each individual resulted from the mixture of K ancestral
populations. To estimate the true number of population cluster (K), a burn-in period of 30,000
was used in each run, and data were collected over 50,000 Markov Chain Monte Carlo (MCMC)
replications for K = 1 to K = 8 using 20 iterations for each K. The optimum K value was
predicted following the simulation method of Evanno et al. (2005) using the web-based
STRUCTURE HARVESTER version 0.6.92 (Earl, 2012). A bar plot for the optimum K was

determined using Clumpak beta version (Kopelman et al., 2015).
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4 RESULTS

4.1. ISSR primers variation and level of polymorphism

In this study, eight (8) polymorphic markers (seven di-, and one penta-nucleotide repeats) were
used for molecular profiling of the 60 Vernonia galamensis germplasm. Accordingly, the 8 ISSR
primers generated a total of 83 clear and scorable bands with an average of 10.4 bands per
primer. The highest number of bands (13) was recorded for primer 881 while the lowest bands
(8)were generated by primer 845 (Table 2). The effective number of alleles per marker ranged
from 3.41 (881) to 7.22 (841) with an average of 5.6. The highest major allele frequency (0.57)
was recorded for the primer 881, while the lowest (MAF =0.20) was obtained by primer 848 with
the overall mean of 0.35. The PIC values for the ISSR loci ranged from 0.50 (for the marker
835) to 0.71 for marker 881, with an average mean value of 0.51 (Table 3). The gene diversity
index (h) for all primers ranged from 0.27 (for the markers 812 and 818) to 0.63 (for the marker
881), with an average value of 0.39 alleles per locus (Table 3). In addition, Shannon information
index ranged from 0.24 (for the primer 812) to 0.61 (for the primer 881, with an average of 0.40
(Table 3). The lowest genetic differentiation (Fst=0.04) and the highest gene flow (Nm= 3.71)
were scored for primer 835 (Table 3). Conversely, the highest genetic differentiation value of

0.27 and the lowest gene flow (Nm= 0.98) were recorded for the primer 848 (Table 3).
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Table 3. Summary of genetic diversity indices for the 8 ISSR loci across the sixty V. galamensis

germplasm in Ethiopia

Primer Na Ne MAF h I PIC Fst Nm
code

812 9.0 481 024 0.27 0.24 0.56 0.18 2.66
818 12.0 577 021 0.27 0.43 0.59 0.15 1.97
835 10.0 6.80 045 042 0.33 0.50 0.04 3.71
841 11.0 7.04 053 0.37 0.54 0.53 0.11 153
844 11.0 463 033 031 0.44 0.51 0.24 2.09
845 8.0 534 024 0.44 0.30 0.51 0.18 1.45
848 9.0 722 020 0.50 0.34 0.65 0.27 0.98
881 13.0 341 057 0.63 0.61 0.71 0.09 1.07
Average 104 56 035 0.39 0.40 0.51 0.16 1.93

Key: Na=Number of allele, Ne=number of effective allele, MAF = Major allelic frequency, h=

gene diversity; | = Shannon information index, Fst = Fixation index, Nm = gene flow

L WA48 WA49 WAS50 WAS1 DE52 DES5S3 DE54 WG55 WG56 WG57 WG58 WG59 WG60

Primer -818




L ES9 ES10 ES11 ES12 ES13 ES14 ES15 EH15 EH17 EH18 EH19 EH20 EH21 EH22 EH23 K24 K25 K26 K27
b 4 L

=

LLHIN H

K27 SW28 SW29 SW30 WG31 WG32 WG33 B34 B35 B36 B37

Primer- 881

Figure 2. ISSR profiles of V. galamensis genotypes generated for primer 818,835 and 881 respectively, L = DNA
Ladder (100 bp). letters in lanes indicate the germplasm. ES=East Shoa, EH= East Hararghe, B= Borena k= Konso
DE=Derashie, WG=West Gojjam, WA=West Arsi, SW=South Wollo
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4.2. Genetic diversity within and among the populations

Table 4 presents a summary of the different genetic diversity estimates over all the loci across
populations. Among the assessed V. galamensis populations, East Shoa populations exhibited
relatively the highest gene diversity (h = 0.29) and Shannon diversity index (I = 0.43), followed
by the population of East Hararghe that resulted (h = 0.28; | = 0.41) (Table 3). Nei’s unbiased
measure of genetic diversity (Uh) ranged from 0.22 (South Wollo) to 0.34 (East Shoa) with an
overall mean of 0.28 (Table 4). The percentage of polymorphic loci of the populations ranged
from 50.60 (South Wollo) to 75.90 (East Shoa).
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Table 4.Summary of allelic patterns and diversity indices across populations over the eightISSR loci

Population N Na Ne I H Uh PPL

Borena 8.00 1.31 1.35 0.31 0.21 0.24  56.63
East Shoa 7.00 1.60 1.50 0.43 0.29 0.34 75.90
East Hararghe 8.00 1.57 1.48 0.41 0.28 032 73.49
Konso 7.00 1.30 1.45 0.40 0.26 0.30 71.08
Derashie 7.00 1.39 1.38 0.33 0.23 0.26 60.24
South Wollo 8.00 1.22 1.33 0.28 0.19 0.22 50.60
West Arsi 7.00 1.30 1.30 0.29 0.20 0.22 53.01
West Gojjam 8.00 1.53 1.45 0.39 0.25 0.30 71.08
Average 7.5 1.40 1.41 0.36 0.24 0.28 64.01

Where N= Number of samples, Na= Number of alleles, Ne = Number of effective alleles, |

Shannon’s Information Index, PPL= Percentage of polymorphic loci. h = Diversity uh

Unbiased diversity
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4.3. Genetic similarity among the V. galamensis populations

Table 4 presents a summary of the pairwise genetic similarity of the eight populations computed
based on Jaccard’s similarity index. The largest (0.98) pairwise similarity coefficient was
between Konso and Borena populations while smallest pairwise similarities (0.53) was between
West Arsi and West Gojjam) populations (Table 5). The second highest genetic similarity was
observedbetween the populations of West Arsi and East Shoa (0.90) (Table 5).

Table 5. Similarity matrix among the V. galamensis populations attained by Jaccard's similarity coefficient
based on ISSR data.

BOR EHG KON ESH DER SW WA WG

BOR 1.00

EHG 0.79 1.00

KON 0.98 0.83 1.00

ESH 0.78 0.78 0.63 1.00

DER 0.67 0.68 0.71 0.81 1.00

SW 0.68 0.70 0.75 0.74 0.72 1.00

WA 0.76 0.73 0.72 0.90 0.65 0.83 1.00

WG 0.75 0.78 0.70 0.74 0.69 0.68 0.53 1.00

Key: BOR=Borena, ESH = East Shoa, WA = West Arsi, EH = East Hararghe, WG = West
Gojjam, SW = South Wollo, KON = Konso, DER = Derashie
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4.4. Analysis of molecular variance (AMOVA)

Analysis of molecular variance (AMOVA) revealed presence of significant (p = 0.001) and
higher genetic differentiation (0.16) with high gene flow (1.9) and the variability within
populations accounted (65%) of the total genetic variation and 35% of the total variation was due
to the among populations genetic variation (Table 6).

Table 6. Analysis of molecular variance (AMOVA) showing distribution of genetic variation within and
among populations of V.galamensis using ISSR markers

Source of Df SS MS Est. % F- P-
variation Var. Variation Statistics  value
Among Pops 7 407.84 58.26 6.23  35% 0.16 0.001
Within Pops 52 602.96 11.60 11.60 65% 0.001
Total 59 1010.80 17.82 100%

Nm 1.93

Df = Degrees of Freedom SS = Sum of Squares; MS = Mean Square; Est. Var. = Estimated
Variability, Nm=haploid populations
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4.5. Cluster and principal co-ordinates analysis

4.5.1. Cluster analysis

The neighbor-joining-cluster analysis divided the 60 individuals into three main clusters (Cluster
C1, C2 and C3) (Figure 2). The first cluster (C1) consisted of 15 samples, and most of the
samples were from west Arsi and west Gojjam this population may appear together due to long
distance transfer of pollen & Migration of individuals through different pollinators. The second
cluster (C2) was considered as major group that contained of 33 samples. The group composed
of individuals collected from Konso, Derashie and South Wollo. Cluster three (C3) was
considered to be the smallest group that composed of 12 accessions that were obtained from
Borena and East Shoa (Figure 2). The clustering analysis confirmed the presence of intermixing
of the individuals of the variouspopulations except Borena and West Gojjam populations, where
they form their own groups without any intermixing within each other and with other populations
at the sub-cluster levels (Figure 2). Some of the individual accessions collected from the same
region tend to spread all over tree without forming their own group, likely due to the presence of
considerable gene flow among population (Nm=1.93).
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Figure 3. Neighbor-joining tree analysis of 60 V. galamensis individuals using 8 ISSR markers.

Key: BOR=Borena(green), EH= East Hararghe ( ), ESH=East Shoa(red), DER= Derashie
( ), KON= Konso (Dark red), SW=South Wollo (deep red), WA= west Arsi (blue), WG=

west Gojjam ( )
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UPGMA analysis based on the eight populations of V. galamensis revealed the presence of two
major clusters (Cluster 1 and 1I). The first major cluster consisted of the populations of East
Shoa, East Hararghe, Borena and Konso, while the second clusters contained the populations of
Derashie, South Wollo, west Arsi and west Gojjam (Figure 3). Each population showed that
moderate grouping based on their geographical collection areas.

KON |

«LH

+BOR

WESH

A

+WA

DR

0 0.1

Figure 4. UPGMA based dendrogram showing genetic relationships among the eight Populations of V.
galamensis using ISSR primers.

ESH=East Shoa, EH=East Hararghe, BOR=Borena, KON= Konso, SW= South Wollo, DER=
Derashie, WA= West Arsi, WG= West Gojjam
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4.5.2. Principal co-ordinates analysis

The principal coordinate analysis (PCoA) conducted using the 60 V. galamensis samples roughly
grouped the populations into four groups (Figure 5). None of the clusters composed of
exclusively individual of a single population. The percentages of principal coordinates accounted
35.24% of the total variation. The first, second, and third principal coordinate axes showed
14.42%, 12.78%and 8.04%, respectively. The analysis revealed that the tested populations is not
tended to form grouping based on their geographic regions since some individuals were
intermixed from one to another population (Figure 5).
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Figure 5. Principal coordinate analysis of 60 V. galamensis accessions using ISSR markers.
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4.6. Population structure analysis

To provide further evidence and infer population structure, a Bayesian algorithm implemented in
the STRUCTURE 2.3.4 Software analyses was used. The analysis revealed delta K became a
sharp peak at K=2 (Figure 5a) confirming the presence of two subpopulations. Based on this
value, Clumpak result (bar plot) detected high level of genetic admixture and hence there was

low degree of geographic origin-based structuring of populations.
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Figure 6. Structure analysis for 8 populations representing 60 V. galamensis germplasm in Ethiopia.

(A) delta K value estimated using Evanno et al. (2005); method and (B) Bayesian model-based estimated
population structure for K = 2 rendering to geographical locations. The different (blue and orange) colors

represent genetic groups or sub-populations designated by Structure Harvester.



5.DISCUSSIONS

This study was the first report to use ISSR markers to assess genetic diversity and population
structure in V. galamensis. In the present study, eight ISSR markers amplified a total of 83
alleles. The number of alleles per locus ranged from eight for primer 845 to thirteen for primer
881 with amean of 10.4 alleles per locus. The mean number of alleles observed in the current
study is higher than the report of (Alemneh, 2020), who observed total of 79 alleles with a mean
of 3.9 alleles per locus using 20 SSR markers in 150 V. galamensis germplasm. The result also
justly higher than the result of Aikpokpodion et al., (2018) on genus Vernonia (Vernonia
amygdalina) reported that total of 29 alleles with a mean of 5.8 per locus using 5 RAPD markers.
The difference could be due to the types of markers, the size of the population, the number of
germplasms used and reproducibility of the markers.

Gene diversity (h) and Shannon’s information index (1) of ISSR primers level used in this studies
were ranged from 0.27-0.63 and 0.24-0.61 with overall mean of 0.39 and 0.40 respectively. The
level of polymorphism observed across all 8 primers used is approving the genetic variation
within V. galamensis collection. Shannon diversity index value observed inthe present study was
lower than Nwakanma et al., (2018), 0.76, genetic diversity study for 50 vernonia species in
Nigeria using RAPD Markers. This is due to types of primers used. The average percent of
polymorphism per population revealed in the present study (64%) was considerably higher than
that reported by Ramalema et al., (2010) which was 40%. This implies that Ethiopian V.

galamensis populations exhibit higher genetic diversity.

Moreover, the PIC of the loci ranged from 0.50 -0.71 with overall mean of 0.51, indicating that
all the used markers are highly informative and very suitable to assess genetic diversity and
phylogenetic relationship analysis among V. galamensis genotypes. According to Botstein et al.
(1980), marker with PIC values below (0.25) is somewhat informative, a marker with PIC values
between (0.25) and (0.5) is considered as moderate informative, and those greater than (0.5) is
said to be highly informative. The authors also report that the maximal value of PIC for
dominant markers is 0.5. However, for the markers with multiple alleles and equal distribution in
the population, the PIC values are much higher than 0.5. Based on our findings, PIC values was

greater than 0.50.
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Analysis of the genetic variation within populations revealed that relatively V. galamensis
collected from East Shoa exhibited the highest gene diversity (h= 0.29) and Shannon diversity
index (I = 0.43), which was followed by the populations of East Hararghe that showed gene
diversity value of 0.28 and Shannon diversity value of 0.41. This implies that the areas
representing these populations could be considered as genetic diversity hot spots and a potential

in-situ conservation sites for V. galamensis.

AMOVA revealed that V. galamensis has high genetic differentiation (Fst =0.16) with relatively
low among populations variation which accounted 37% of the total genetic variation. In our
study high level of gene flow (Nm=1.93) confirmed the presence of high genetic exchange or
gene flow between the populations of V. galamensis. This result is consistent with earlier studies
on similar and related crops. For instance, Alemneh (2020) reported that 37% of the genetic
variations was accounted as among populations, using SSR. Similarly, using SSR markers
Kassahun et al., (2006) in coffee and Edossa et al., (2010) in Lentil reported an among
population genetic variation of 22% and 43.7%, respectively. Conversely, Oumer et al., (2011)
in white lupine using ISSR primers and reported that 74.6% of the total genetic variation is due
to within population, leaving only 25.4% of among populations.

NJ, UPGMA, and PCoA clustering analyses were employed to better visualize the genetic
relationships of the 60 samples of V. galamensis that originated from three different region of
Ethiopia. The Neighbor joining cluster analysis showed a moderate clustering pattern,
confirming the presence of genetic differentiation among the populations and suggesting that the
genetic background of V. galamensis populations does somewhat correlate with their
geographical origin. It was observed that some samples from different populations (collection
sites) clustered together and formed moderate pattern of clustering on the basis of geographic
origins, which may imply the presence of gene flow between populations of different collection
sites with different factors like wind insect and birds. UPGMA based clustering of the eight
populations resulted in two major clusters, confirming the presence of weak population
differentiation as a result of the presence of high gene flow. Moreover, the PCoA showed that the
genotypes of the eight populations not tended to form grouping based on their geographic

regions.
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However, some individuals were intermixed from one to another population, likely due to the
presence of gene flow among V. galamensis populations.

Population genetic structure analysis also revealed that delta K reached its maximum (a sharp
peak at K=2), indicating that the populations of V. galamensis studied could be grouped into two
main populations with genetic admixture. The analysis revealed that most populationspossessed
genetic background (alleles) from both sub-populations confirming the presence of admixture
due to the nature of the primers used, the origin, distribution and pollination patterns of V.

galamensis germplasms and gene flow among the populations.
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6.CONCLUSIONS AND RECOMMENDATIONS

6.1. CONCLUSIONS

V. galamensis is one of the most important oil crops that has wide industrial applications. It is
widely distributed in the Eastern, Southern and South-eastern parts of Ethiopia. Knowledge of
the genetic diversity of crop plants is important for its improvement through selection and also
conservation purposes. All the markers used were highly polymorphic and informative to

describe the genetic diversity and population structure.

Most of the studied populations showed high gene diversities and partitioning of genetic
diversity by analysis of molecular variance using grouped populations revealed that outof the
total genetic diversity, most of the ISSR diversity was distributed between individual, with the
remaining diversity being distributed among the populations. Cluster analysis of the present
study also showed that the existence of weak genetic differentiation and most of the V.
galamensis population shared genetic background originated from two sub-populations hinted
that the presence of high genetic admixture resulted from gene flow among populations which
was confirmed by UPGMA and PCoA analyses. In this study ISSR markers were observed to be
an appropriate molecular marker for generating the detail intraspecific genetic diversity data to
evaluate the extent and distribution of genetic diversity within and among V. galamensis

germplasm.

In conclusion, among the studied populations, based on all analysed parameters those from East
Shoa and East Hararghe showed high gene diversity suggesting that these locations could be
potential sites for V. galamensis genetic diversity and should be targeted for traits improvement
through breeding and conservation. Conversely, it was observed that South Wollo population had
lowest genetic diversity which should need special attention in order to balance genetic resources
of such beneficial genes across the various agro ecology and genetic origin. Therefore, the
present study generated valuable information that is important for V. galamensis improvement

through selection, conservation and provides baseline information for future studies.
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6.2. RECOMMENDATIONS

Based on the study, the following recommendations were made:

+«+ Because of various reason, this study is not exhaustive in terms of geographic
area coverage and number of primers used. Thus, similar further studies should
be carried out on other populations from the remaining parts of the country using
a greater number of primers bgenerate a nationwide picture of the diversity of the
crop.

¢+ The study involved ISSR based genetic analysis which is relatively less powerful
as compared to advanced marker systems. Thus, further genetic diversity
analysis based on high density markers such as SNPs can provide better

information.
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8.APPENDICES
Appendix 1.Representative pictures to give further illustration of all practical works beginningfrom
sample collection to the end of laboratory session

A= V. galamensis growing, B= sample collection, C=PCR master mix preparation, D= master

mix with DNA entering to PCR, E=PCR product loading on agarose gel, F= taking
picture from gel Doc
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Appendix 2.Quantification and qualification of genomic DNA using Nano drop

The following graphs shows the absorbance patterns of some genomic DNA selected from each
populations of V. galamensis considered in this study
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Appendix 3.List of V. galamensis samples used in this study

No Acc. Region Zone Altitude Longitude Latitude

1 VgEt-01 Oromia Borena 2450 E38°48.00 N10°37.00
2 VQEt-02 Oromia Borena 1380 E37°52.00 N13°20.00
3 VQEt-03 Oromia Borena 1580 E39°46.40 N10°58.17
4 VQEt-04 Oromia Borena 1488 E39°37.19 N12°6.42
5 VQEt-05 Oromia Borena 1580 E39°46.40 N10°58.17
6 VgEt-06 Oromia Borena 1486 E39°51.00 N09°57.00
7 VQEt-07 Oromia Borena 1560 E39°46.20 N10°58.33
8 VgEt-08 Oromia Borena 1490 E38°54.00 N09°54.00
9 VgEt-09 Oromia East Shoa 2275 E39°44.00 N08°23.00
10 VgEt-010  Oromia East Shoa 1860 E38°34.00 N07°13.00
11 VgEt-011  Oromia East Shoa 1860 E38°34.00 NO07°13.00
12 VgEt-012  Oromia East Shoa 1860 E38°34.00 NO07°13.00
13 VgEt-013  Oromia East Shoa 2275 E39°44.00 N08°23.00
14 VgEt-014  Oromia East Shoa 1930 E38°45.00 N07°21.00
15 VQEt-015  Oromia East Shoa 1930 E29°42.00 N11°53.32
16 VgEt-16 Oromia East Hararghe 1900 E36°21.00 N08°21.00
17 VgEt-17 Oromia East Hararghe 1560 E41°47.30 N09°26.35
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18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

VQEt-18
VgEt-19
VgEt-20
VgEt-21
VgEt-22
VgEt-23
VgEt-046
VgEt-047
VgEt-048
VgEt-049
VgEt-050
VgEt-051
VQgEt-052
VgEt-24
VgEt-25
VQEt-26
VgEt-27
VgEt-28

VQEt-29

Oromia

Oromia

Oromia

Oromia

Oromia

Oromia

Oromia

Oromia

Oromia

Oromia

Oromia

Oromia

Oromia

SNNP

SNNP

SNNP

SNNP

SNNP

SNNP

East Hararghe
East Hararghe
East Hararghe
East Hararghe
East Hararghe
East Hararghe
West Arsi
West Arsi
West Arsi
West Arsi
West Arsi
West Arsi
West Arsi
Konso

Konso

Konso

Konso

Konso

Konso
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2260

2020

1626

1560

1560

1560

1899

1960

2603

1560

1870

1520

1640

1220

1430

1900

2275

1765

2275

E36°39.00

E41°54.77

E41°16.55

E41°34.62

E41°47.30

E41°34.62

E39°29.42

E37°22.00

E39°27.14

E39°46.20

E39°15.00

E42°10.10

E41°44.79

E41°46.38

E42°06.46

E42°37.75

E39°44.00

E40°58.34

E39°44.00

N08°47.00

N09°27.24

N09°23.58

N09°54.85

N09°26.35

N09°54.85

N11°53.32

N12°27.00

N09°56.34

N10°58.33

N11°31.00

N09°16.01

N09°29.64

N09°35.74

N09°35.83

N09°29.92

N08°23.00

N09°06.78

N08°23.00



37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

VgEt-30
VgEt-31
VQEt-32
VQgEt-33
VgEt-34
VgEt-35
VQEt-36
VQEt-37
V/gEt-38
VgEt-39
VgEt-40
VgEt-41
VgEt-42
VQEt-43
VgEt-44
VQEt-45
VgEt-53
VgEt-54

VQEt-55

SNNP

SNNP

SNNP

SNNP

SNNP

SNNP

SNNP

SNNP

Amhara

Ambhara

Amhara

Amhara

Ambhara

Amhara

Amhara

Ambhara

Ambhara

Ambhara

Ambhara

Konso
Derashie
Derashie
Derashie
Derashie
Derashie
Derashie
Derashie
South Wollo
South Wollo
South Wollo
South Wollo
South Wollo
South Wollo
South Wollo
South Wollo
West Gojjam
West Gojjam

West Gojjam
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2100

1480

2020

1263

1860

1750

1830

2000

2450

1860

1263

2275

1580

1580

1560

1580

2270

1900

1750

E37°28.00

E35°04.00

E41°54.77

E35°18.08

E38°34.00

E40°51.00

E36°38.00

E40°54.31

E38°48.00

E38°34.00

E35°18.08

E39°44.00

E39°46.40

E41°16.55

E39°46.20

E39°46.40

E37°54.00

E36°21.00

E40°5100

N08°59.00

N08°52.00

N09°27.24

N07°13.15

N07°13.00

N09°05.00

N09°02.00

N09°03.16

N10°37.00

NO07°13.00

N07°13.15

N08°23.00

N10°58.17

N09°23.58

N10°58.33

N10°58.17

N08°48.00

N08°21.00

N09°05.00



56

S7

58

59

60

VQEt-56

VgEt-57

VgEt-58

VQEt-59

VgEt-60

Ambhara

Ambhara

Amhara

Ambhara

Amhara

West Gojjam
West Gojjam
West Gojjam
West Gojjam

West Gojjam

51

1930

1600

1430

1560

2100

E38°45.00

E40°50.45

E40°39.34

E41°47.30

E37°54.00

N07°21.00

N09°06.30

N09°11.36

N09°26.35

N08°48.00



Appendix 4. A Modified CTAB protocol for plant DNA extraction

1. Introduction

This protocol describes a modified CTAB method for the isolation of DNA from plant material.

A maximum of 24 samples can be isolated at once using this protocol.

2.Materials and Chemicals used in this study

Materials

Geno grinder

Metal beads
65°C water bath
Microfuge tubes

tips

Microfuge

Chemicals

Sodium Acetate

Agarose

Water (sterile)

Chloroform: Iso Amyl Alcohol (24:1)
75 % Ethanol (ice cold)
Absolute Ethanol (ice cold)
R-Mercapto-Ethanol

NaAc
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3. Protocol

1. Pour CTAB solution (700 pl per sample) in a 1.5ml-tube and add 0.2 vol % Mercaptoethanol
(Use fume hood!). Mercapto-ethanol is stored at 4°C.

2. Aliquot CTAB in 1.5 ml Eppendorf-caps and warm in water bath up to 65°C.

3. Weigh in 100 mg fresh leave material (50mg dry material) per sample. Pulverise thoroughly

using a Geno grinder machine.

4. Add 700 pl of warm CTAB solution to the powdered sample (open the caps carefully),

dissolve the powder and incubate the sample for 30 minutes at 65°C.
6. Centrifuge for 5 minutes at 15000 rpm.

7. Transfer the supernatant (only clear liquid) in a new Eppendorf-cap. Use blue pipette tips

which are cut.

8. Add new CTAB solution (700 pl) to the tissue pellet and stir slightly with a new 1000 ul
pipette tip, incubate 30 min at 65°C.Step 6 and 7 are repeated. The same is carried out

for a third extraction. Each fraction proceeds with step 9 and is treated separately.

9. Add 600 pul Chloroform to the cap with supernatant and shake carefully a few times upside
down. This chloroform step should be carried out immediately.

10. Shake the samples thoroughly by turning inversing the Eppendorf caps for approximately 5

minutes. (Longer incubation is possible)
11. Centrifuge for 5 min at 15000 rpm.

12. Transfer the supernatant (only clear liquid) in a new Eppendorf-cap. Use blue pipette tips
which are cut. Work carefully; do not transfer suspended matter (normally the
Chloroform Is covered by a thin layer of fine sediment material). Chloroform has to be
disposed of in a special waste bottle.

13. Repeat the chloroform extraction (step 9-12) to make sure that all impurities are removed,

and then proceed with step 14.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Add cooled Iso-propanol (4°C), approximately 2/3 of the solution volume. Shake carefully
by inversing the Eppendorf cap. In most cases DNA becomes visible as white threads.

Freeze for more than 2h at -20°C.
Centrifuge 10 min at 15000 rpm.

Aspirate liquid using yellow tips (without touching pellet!). If pellet is solid enough the
larger part of the liquid may be poured out. (Alternatively add TE).

Add 200 ul Ethanol 70 % to the pellet. Rinse the inner cap surface by turning the cap.
Centrifuge for 10 min at 15000 rpm in a cooled centrifuge.

Aspirate Ethanol using yellow tips. Dry the DNA-pellet at room temperature. (Usually 15

min are sufficient; after drying no liquid drops are to be seen)
Dissolve pellet in 100 ul TE (1x, p.a. grade) and store at 4°C.
Add cooled 7.5 M NH4Ac-solution (4°C, half of the solution volume). Mix carefully.

Add cool Ethanol 100 % (double of the solution volume). Mix carefully. Freeze for more
than 2 hr at -20°C.

Centrifuge 30 min at 15000 rpm. Aspirate fluid carefully.

Add 200 pl Ethanol 70%. Rinse the inner cap surface by turning the cap.

Centrifuge 10 min. at 15000 rpm. Aspirate liquid and dry pellet at room temperature.
Dissolve the pellet in 100 pl TE (1x, p.a. grade)

Repeat steps 21 to 24 with 3 M Na-AC-solution (4°C, half the volume) then proceed with
Step 27.

Centrifuge 10 min. at 15000 rpm. Aspirate liquid and dry pellet at room temperature.
Dissolve the pellet in 100 pl TE (1x, p.a. grade) and store at -20°c for further use.
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Appendix 5.0utput of the Evanno method results.

K Reps Mean Stdev Ln'(K) |ILn"(K)| Delta K
LnP(K) LnP(K)

1 20 -5908.185 0.386992 — — —

2 20 -5267.82 1.495115 640.365 166.925 111.64694

3 20 -4794.38 7.859195 473.44 106.475 13.547825

4 20 -4427.415 2.555134  366.965 157.445 61.619074

5 20 -4217.895 101.18086 209.52 42.95357 0.424523

6 28 -4051.32857 58.088673 166.56643 10.82714 0.18639

7 20 -3873.935 35.580055 177.39357 56.53357 1.588912

8 20 -3753.075 53.798189 120.86 8.565 0.159206
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