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ABSTRACT
Vernonia (Vernonia galamensis) is a new potential industrial oilseed crop. The seeds of
this crop contain unusual naturally epoxidised fatty acids which are used in the
production of various industrial products. The objective of this study was to evaluate the
genetic diversity of selected vernonia lines in Limpopo Province through morphological,
seed oil content and RAPD DNA markers. Significant differences were observed for days
to 50 % flowering (93 - 140 days), plant height (141.80 - 166.33 cm), number of
productive primary heads (29 - 60 head/plant), number of productive secondary heads (12
- 30 head/plant), thousand seed weight (1.85 - 3.52 g) and seed yield (454.44 - 786.85
kg/ha) between lines. Further results from oil analysis showed differences in the contents
of seed oil (22.4 - 29.05%), vernolic acid (73.09 - 76.83%), linoleic acid (13.02 14.05%), oleic acid (3.77 - 5.28%), palmitic acid (2.48 - 2.98%) and stearic acid (2.26 2.75%). Among 13 RAPD DNA primers screened, primer OPA10 amplified DNA
samples and resulted in four distinct groupings among tested lines. Four promising lines
were selected viz. Vge-16, Vge-20, Vge-27 and Vge-32 displaying greater seed yield,
increased vernolic acid content and reduced number of days to 50 % flowering.

x

CHAPTER 1
INTRODUCTION
Vernonia (Vernonia galamensis) is an annual member of the Asteraceae and is widely
distributed in regions of Africa. The V. galamensis species complex is now recognized,
according to Gilbert (1986), to include six subspecies, namely galamensis, mutomoensis,
nairobensis, afromomntana, gibbosa, and lushotoensis. Subsp. galamensis is the most
widely distributed; it is highly diverse and has four botanical varieties, namely var.
galamensis, var. petitiana, var. australis and var. ethiopica (Gilbert, 1986). The
subspecies galamensis and mutomoensis in general are found in areas of low rainfall,
some as little as 200 mm per year, with no well defined dry season. Higher elevations and
areas of high rainfall are the ideal regions for the subspecies afromontana and
lushotoensis (Perdue et al., 1986).

V. galamensis is new potential industrial oilseed crop, which originates from Eastern
Africa. This plant was identified for the first time in Eastern Ethiopia by Perdue in 1964
at 7 km south east of Harar town, 9 ° 14' N and 42° 35' E. Due to the high oil and vernolic
acid content and its relatively low shattering nature, var. ethiopica has been the focus of
research and at present its production in some parts of the world reaches semicommercial scale (Baye et al., 2001). V. galamensis spp. galamensis var. ethiopica has a
potential to become an industrial oilseed crop.

Vernonia seems to prefer well drained soil, and is fairly drought tolerant once established
(Dierig et al., 1996a). There is of variation in terms of vernonia morphology and flower
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biology. The flower heads (capitula) vary considerably in size. The petals that surround
the seeds on the capitula are between 8 and 25 mm long (Thompson et al., 1994a). The
colors of the florets are either blue to purple, or white. The capitulum is made up of 50 to
150 florets. This roughly corresponds to the number of seed produced per capitula,
depending on pollination events. Hairs attached to the seed (pappus) can be up to 8 mm
long. Subspecies are readily hybridised among themselves (Thompson et al., 1994b).

In its natural distribution vernonia in eastern and western Hararghe, which is known to
farmers by the local names ‘Ferenkundela’, ‘Dunfare’, ‘Kefathebogie’, and ‘Noya’, have
different connotations in different localities (Tesfaye, 1996). Vernonia galamensis
produces high quantities of epoxy fatty acids (at least 60 %) in a trivernolin form, useful
in the reformulation of oil-based (alkyd-resin) paints to reduce emission of volatile
organic compounds (Perdue et al., 1986). About 38% of the Vernonia seed is oil of which
about 72 % is vernolic acid. Vernonia has “reactive dilutant” oil properties that produce
less pollutants.

Other potential markets for the fatty acids include plasticisers, additives in polyvinyl
chloride (PVC), coatings, cosmetic, and pharmaceutical applications (Carlson et al.,
1981). The plant could be also of interest to farmers in developed countries wishing to
diversify and find an alternative and environment friendly crop (Baye, 2004). Preliminary
investigations also showed that the meal after seed oil extraction is a valuable source of
crude protein (43.75 %); it also consists of crude fiber (10.90 %), ash (9.50 %) and the
carbohydrate fraction (6.57 %) with sucrose (2.36 %), fructose (1.90 %) and glucose
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(0.77 %). The major mineral elements, calcium (11.08 mg/g), potassium (14.18 mg/g),
magnesium (6.90 %) and high phosphorus (644 mg/g) not only meet the nutritional
requirements but also are higher than in most other oilseeds (Ologunde et al., 1990).

Epoxidised oils, currently manufactured from animal fats or vegetable oils treated with
peracetic acid or from petrochemicals are widely used in oleochemical industry as
plasticisers and stabilisers for plastic, in reformulation of oil based paints, in cosmetics,
and for pharmaceutical applications (Groot, 1990). Seeds from crops, such as soybeans
and linseed, are currently used to extract oils. In 1950, the Agricultural Research Service
(ARS) in the US Department of Agriculture (USDA) made an extensive search to
identify plants not competing with existing crops as new sources of industrial raw
materials (Perdue, 1988). Among the many species examined were V. galamensis, native
to East Africa, and Euphorbia lagascae, native to Spain, both containing triacylglycerols
consisting of vernolic acid (cis-12,13-epoxy–cis-9-octadecenoic) (Baye et al., 2005).

The naturally occurring epoxidised oil (vernolic acid) of vernonia and the chemically
epoxidised soybean (Glycine max L.) and linseed (Linum ustitatissimum) oils are similar.
Epoxidised soybean and linseed oils are highly viscous and are non-pourable below 0 °C.
Vernonia oil, however, has low viscosity and can be stored below 0 °C. The low viscosity
will permit the oil to be used as a solvent alkyd-resin paint, which will become part of the
dry paint surface and prevent the evaporation (emission) of volatile organic compounds
that contribute to production of smog and pollute the air unlike conventional solvents
such as terpentine. Another disadvantage towards the use of soybeans and linseed oils is
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that it requires industrial processing or chemical epoxidation (Carlson et al., 1981).
Activities involved in the processing of these oils produce volatile organic compounds
that contribute to the production of smog. In general, there is limited germplasm available
containing naturally occurring epoxy oils, with good potential for commercialisation.

To enhance our understanding of genetic diversity and relatedness among plant species
and varieties, molecular techniques like restriction fragment length polymorphism
(RFLP; Fatokun et al., 1993), random amplified polymorphic DNA (RAPD; Mignouna et
al., 1998; Fall et al., 2003), DNA amplification fingerprinting (DAF; Spencer et al.,
2000), amplified fragment length polymorphism (AFLP; Fatokun et al., 1997; Coulibaly
et al., 2002; Tosti and Negri, 2002), and microsatellites or simple sequence repeats
(SSR; Li et al., 2001) have been used. These molecular markers are not influenced by
endogenous and exogenous factors (Tanksley et al., 1989). Through the development of
RFLP markers in the early eighties, indirect selection in plant breeding using DNA
markers became technically feasible. However, the laborious nature of the RFLP
technique has prevented a broad application of RFLP markers for marker assisted
breeding.

In the late eighties and the early nineties, molecular diagnostic methods based on PCR
technology have been developed, such as RAPD, AFLP and microsatellites. These
methods allowed an efficient detection of DNA fragments starting from small amounts of
DNA. The AFLP technique offers the additional advantage that it is a robust technology
which, unlike microsatellites, can be applied instantaneously on any crop. In an
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appropriate laboratory set-up this technology can now be used as a tool for markerassisted breeding in a cost-effective way.

Different choices (alleles) may exist for a gene (i.e. a purple allele or a white allele). In
each case, the same gene determines flower color, but the exact DNA sequences of the
alleles of that gene are different. The population is said to have a low genetic diversity
when all or nearly all the members of that population have the same allele at a gene level
(Moran and Hopper, 1987). If many variants exist for a gene sequence, that population
has high genetic diversity at that gene level. It was also elaborated by Polunin (1983),
that individuals belonging to the same species share certain characteristics.

There are several DNA fingerprinting techniques that are used to evaluate genetic
diversity, most of which use polymerase chain reaction (PCR) for the amplification of
specific DNA fragments (Gilbert et al., 2002). PCR uses two oligonucleotide primers
complementary to opposite strands of a duplex DNA and consists of multiple cycles of
annealing of the oligonucleotides, synthesis of a DNA chain, and denaturation of the
synthesised DNA.

The PCR is used widely in molecular cloning, pathogen detection, genetic engineering,
mutagenesis and in genetics producing molecular markers. These fingerprinting
techniques include randomly amplified polymorphic DNA (RAPD) (Williams et al.,
1990), arbitrary primed PCR (AP-PCR; Welsh and McClelland, 1990), and DNA
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amplification fingerprinting (DAF; Caetano-Anolles et al., 1991) and amplified fragment
length polymorphism (AFLP) analysis (Vos et al., 1995).

Vernonia galamensis (Cass.) Less. produces an unusual fatty acid with an epoxy group
attached to 18:1 molecules. V. galamensis is limited in distribution and is endemic
primarily to East African countries as a weed colonising disturbed areas and bare
agricultural lands under a wide range of agroecological conditions (Baye and Becker,
2005a). Vernonia is grown successfully in countries near the Equator because the plants
with the largest seed and best seed retention only flower under day-neutral photoperiodic
conditions. Therefore, more research is needed to exploit the phenotypic and genotypic
variabilities within this species as an alternative crop in countries far from the equator.
The phenotypic and genotypic variabilities will reveal about the genetic diversity as a
measure of the possible choice of information provided by a gene or genes. The main
objective of this study was to investigate the genetic diversity of ten selected Vernonia
lines grown in Limpopo Province through morphological, seed oil content, fatty acid, and
RAPD analysis for possible exploitation as an industrial oil crop.
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CHAPTER 2
LITERATURE REVIEW
2.1 Description and origin of vernonia species
There are limited germplasm containing naturally occurring epoxy oils, with good
potential for commercialisation (Gunstone, 1993). In recent years many new oilseed
species have been investigated as potential sources of vegetable oils for oleochemical
uses (Knapp, 1990). Many of them contain a high proportion of industrially desirable
fatty acids, such as linoleic (Mandia sativa olina), linolenic (Lepidium sativum L. and
Camelina sativa (L.) Crts.), calendic (Calendula officinalis L.), epoxy-(Euphorbia
lagascae Sprengel and Vernonia galamensis (Cass.) Less.), hydroxyl-(Lesquerella
fendleri (Gray) Wats.) and petroselinic (Coriandrum sativum L.) acids (Angelini et al.,
1997).

Vernonia galamensis (Cass.) Less. produces an unusual fatty acid with an epoxy group
attached to 18:1 molecules. V. galamensis is limited in distribution and is endemic
primarily to East African countries as a weed colonising disturbed areas and bare
agricultural lands under a wide range of agroecological conditions (Baye and Becker,
2005a). Recent studies on herbarium materials in Addis Ababa, Ethiopia, and Kew,
London, indicated the existence of about 40–50 species in Ethiopia (Naliaka, 1990).

2.2 Reproductive behaviour of V. galamensis
The natural outcrossing rate of vernonia ranged from 2.5 – 16.1 % (Baye and Ling,
2004). However, Dierig and Thompson (1993) found that var. petitiana was self-sterile,
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allowing for ease of crossing with var. ethiopica. These crosses were made forming the
intraspecies hybrids, and selections were performed for self-fertility, day-neutral
photoperiodic response, good seed retention, non-dormant seed, and high yield (both for
seed and oil) (Thompson et al., 1994b). The intraspecies hybrids have been very
successful, but only a limited number of accessions have been used in the crosses to date.

2.3 V. galamensis spp. galamensis var. ethiopica as a potential industrial oilseed crop
V. galamensis is a new potential industrial oilseed crop. All of the taxa, except for a few
accessions of V. galamensis spp. galamensis var. petitiana, are short-day plants (Dierig
and Thompson, 1993). Vernonia seems to prefer well drained soil, and is fairly drought
tolerant once established (Dierig et al., 1996b). The seeds of V. galamensis contain
substantially higher amounts of vernolic acid (above 74%) than that of V. anthelmintica
(67 %) and Euphorbia lagascae (60 %) (Higgins, 1968; Pascual-Villalobos et al., 1993;
Thompson et al., 1994a). The company Ver-Tech International identified over 70
potential uses for the vernonia oil.

V. galamensis is a tropical, indeterminate annual plant which requires a well-drained soil
and can grow under low rainfall and marginal conditions and is most suitable for dry land
farming (Gilbert 1986; Baye 2000). It tolerates substantial shade, which makes it ideal for
agroforestry; it may also prevent erosion and prevents desertification (Perdue, 1988).
Altogether, the plant offers plentiful uses and substantial progress using a limited
germplasm has been made on its use in different activities, including the chemistry of oil
extraction and processing in some parts of the world (Carlson et al., 1981; Ayorinde et
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al., 1988; Ayorinde et al., 1989, 1990a,b; Dirlikov et al., 1990; Ayorinde et al., 1993; Liu
et al., 1998).

2.4 Composition of vernonia seeds
Gunstone (1954) discovered that the seed oil of Vernonia anthelmintica contained high
amounts of epoxy fatty acids. This plant species produce unusual fatty acids with special
characteristics, such as variations in chain length (shorter or longer than 18C) or
functional groups within the fatty acid molecule like conjugated double bonds, hydroxy
or epoxy groups (Robbelen, 1987). A collection of 41 accessions was evaluated for seed
and leaf fatty acid composition. In vernonia seed, vernolic acid (C18:1>0) varied from 54
to 74 %, and linoleic acid (C18:2) from 3 to 32 % (Baye et al., 2005). In the leaf linolenic
acid (C18:3) varied from 41 to 59 %, palmitic (C16:0) from 12 to 22 % and C18:4 from 8
to 17 % (Thompson et al., 1994b). Correlation analysis between the seed fatty acids
showed that vernolic acid is negatively correlated with palmitic, vernolic, linoleic and
linolenic acid.

A seed of this crop also contains active lipase, which has unique acidolysis and
hydrolysis selectivity properties toward vernolic acid (Ayorinde et al., 1993). Vernonia
seeds are characterised by the rapid induction of lipolytic activity when the seeds are
crushed, leading to high free fatty acid levels in the extracted oil and resultant meal.
Therefore, precautions should be taken by introducing a heating step in the oil extraction
processing scheme (Carlson et al., 1981; Ayorinde et al., 1990b).
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2.5 Breeding and genetics on vernonia species
A program was initiated in America to conduct utilisation research on vernonia oil from
Vernonia anthelmintica. The breeding and agronomic research led to the development of
improved lines. But as a result of lack of seed retention and non-uniform maturity of seed
heads, the program was discontinued (Massey, 1971). The collections of this plant and
subsequent evaluation (Carlson et al., 1981; Thompson et al., 1994b) indicated that this
species is substantially better because of the quantity and quality of the seed-oil and
better seed retention. To date, research has been restricted to a narrow genetic base (fewer
than 10 accessions), collected in eastern Ethiopia. Among other characters, a seed yield
of up to 4000 kg/ha and an oil content of 40 % using these unimproved local materials
were obtained, which seem to be higher than those found elsewhere (Baye 1996, 1997,
2000; Baye et al., 2001). But there are obvious gaps in the existing material, such as lack
of difference in maturity group and different morphological plant types.

The genetic variations in fatty acid compositions of diverse sources of germplasm have
hardly been studied. So far, research was more focused on the commercial importance of
the oil and on the chemistry of oil extraction and processing (Dirlikov et al., 1990;
Ologunde et al., 1990; Liu et al., 1998) and the study of plant lipids was restricted to
seed.

2.6 The use of plant oils as renewable resources
Renewable resource-based polymers can yield a platform to substitute petroleum-based
polymers through innovative ideas in designing the new biobased polymers which can
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compete or even surpass the existing petroleum-based materials on a cost-performance
basis with the added advantage of eco-friendliness. Many oils are currently converted
through more or less extensive oleochemical processing to value added products, such as
lubricants, polymer additives or surfactants. In most cases these products are based on
fatty acids, their methyl esters or fatty alcohols as intermediates, because the reactive
headgroup of these compounds is a ready candidate for chemical derivatisation (Dierig et
al., 1996b).

Unsaturated triglyceride oils, such as soybean, crambe, linseed and castor oil, constitute
one major class of renewable resources. The main composition of these oils is saturated
and unsaturated fatty acids (Patterson, 1989). Besides food source, they also have wide
industrial application. These fatty acids are typically used directly or as their derivatives
from some chemical modification in painting, coating, varnishes, cosmetics and polymer
industry (Erickson et al., 1980). Currently, no oilseed crop has been commercialised as a
source of natural epoxidised oils (Thompson et al., 1994a). Hemp is also one of the
oilseed crops (Rumyantseva and Lemeshev, 1994). The two polyunsaturated essential
fatty acids, linoleic acid (C18:2) and linolenic acid (C18:3), usually account for
approximately 50-70% and 15-25 %, respectively, of the total seed fatty acid content
(Theimer and Mölleken, 1995). Different oilseed crops together with their oil content
percentages are shown in Table 2 (Erasmus, 1993).
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Table 2 Fatty acid profile of common edible oils (% total fatty acids) adapted from
Erasmus (1993)
Less

healthy/Chemically

stable

<---->

More

nutritious/Chemically

unstable
"Saturated"

"Monounsaturated"

"Polyunsaturated"

Palmitic

Stearic

Oleic

Linoleic

Linolenic

(C16:0)

(C18:0)

(C18:1Ω9)

(C18:2Ω6)

(C18:3Ω3)

6-9

2-3

10-16

50-70

15-25

Soy

9

6

26

50

7

Canola

0

7

54

30

7

Wheatgerm

0

18

25

50

5

Safflower

0

12

13

75

0

Sunflower

0

12

23

65

0

Corn

0

17

24

59

0

Cottonseed

0

25

21

50

0

Sesame

0

13

42

45

0

Peanut

0

18

47

29

0

Avocado

0

20

70

10

0

Olive

0

16

76

8

0

Palm

85

0

13

2

0

Coconut

91

0

6

3

0

Crop
Hemp
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Most other oilseed plants, such as sunflower (Seiler and Brothers, 1999), Brassica napus
(Mandal et al., 2002), soybean, peanut, sesame, have significant negative correlations
among stearic, oleic and linoleic acids (Weiss, 1983). These differences perhaps indicate
variations in the different species in the activities of the different steps in the fatty acid
biosynthesis pathways (Fernandez-Martinez et al., 1993).

Epoxidised oils, currently manufactured from animal fats or vegetable oils treated with
peracetic acid or from petrochemicals are widely used in oleochemical industry as
plasticisers and stabilisers for plastic, in reformulation of oil based paints, in cosmetics,
and for pharmaceutical applications (Groot, 1990). Seeds from crops, such as soybeans
and linseed, are currently used to extract oils.

2.7 Vernonia oil compared to other crop oils
The naturally occurring epoxidised oil (vernolic acid) of vernonia and the chemically
epoxidised soybean (Glycine max L.) and linseed (Linum ustitatissimum) oils are similar.
Epoxidised soybean and linseed oils are highly viscous and are non-pourable below 0 °C.
Vernonia oil, however, has low viscosity and can be stored below 0 °C. Vernonia oil is
rich in vernolic acid, a fatty acid of high interest for oleochemical applications, mainly
for manufacturing paints and coatings (Baye and Becker, 2005b). Vernolic acid (18:1>0
or 12, 13-epoxy-18:1-9) is an unusual fatty acid that occurs primarily in seeds of different
plant species particularly belonging to the families of the Asteraceae and Euphorbiaceae
(Earle, 1970). The structure of vernolic acid differs from that of oleic acid (18:1-9), a
common plant fatty acid, by the presence of an epoxy group at carbon positions 12 and
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13. This fatty acid composes up to 80 % of the total fatty acid of V. galamensis seeds but
is virtually absent from leaves and other tissues (Baye et al., 2004).

The low viscosity will permit the oil to be used as a solvent alkyd-resin paint, which will
become part of the dry paint surface and prevent the evaporation (emission) of volatile
organic compounds that contribute to production of smog and pollute the air unlike
conventional solvents such as terpentine. Vernonia oil can also be used in the animal feed
industry and as a medicine to treat a variety of diseases (Harborne and Williams, 1977).

Another disadvantage towards the use of soybeans and linseed oils is that it requires
industrial processing or chemical epoxidation (Carlson et al., 1981). V. galamensis seeds
are characterised by the rapid induction of lipolytic activity when the seeds are crushed,
leading to high free fatty acid levels in the extracted oil and resultant meal (King et al.,
2001). Activities involved in the processing of these oils produce volatile organic
compounds that contribute to the production of smog.

2.8 Measuring genetic diversity
To measure the genetic diversity of a crop both morphological and molecular diversity
analysis are required (Frankel and Bennett, 1970). Of the identified 250 000 plant species
in the global flora, the germplasm utilised in modern plant production has continuously
narrowed. Selection for uniformity and closely defined breeding objectives resulting in
pure lines, has led to a marked reduction in genetic variation.
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Genetic diversity in some cultivated crops has been assessed on the basis of
morphological and physiological markers (Ehlers and Hall, 1997). Additionally,
biochemical markers, such as isosymes, have been used in order to determine genetic
similarities among some varieties (Panella and Gepts, 1992; Pasquet 1993, 2000). These
markers may be influenced to various degrees by plant-endogenous and environmental
factors and, thus, are not reliable tools for genetic diversity assessment.

2.9 Genetic diversity in Vernonia galamensis
The Shannon-Weaver Diversity Index (H´) showed that most traits in V. galamensis are
polymorphic and the highest H´ was noted for internode size (0.93) and the lowest for
stem color (0.47). The overall diversity index for all traits was 0.76 (Baye, 2004). The
majority of the genetic diversity, 89 % and 95 %, was observed within region of origin
and altitudinal group, respectively. Baye and Becker (2005a) found that about 20 traits
from 122 vernonia accessions exhibited significant variations except for days to
emergence. Genotypes and locations interacted significantly (P≤ 0.01) for all traits.
Broad-sense heritability estimates ranged from 11 % (for days to emergence) up to 79 %
(for days to maturity). Expected genetic advance was between 1.3 % (for days to
emergence) and 44.8 % (for seed oil yield). In another study by Baye et al. (2001),
seventeen yield and yield component traits from eight vernonia accessions was conducted
at three contrasting agroclimatic zones.

The considered traits showed significant differences at all locations except for the
characters days to emergence and days to maturity. These materials could be used as
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parent materials to start breeding programs for each specific location. There was a wide
range of variation between the minimum and maximum values of most characters. Thus,
even within the limited germplasm studied, selection for improved characteristics appears
to be possible in V. galamensis var. ethiopica. These, therefore, permit the use of
morphological traits as markers to measure genetic diversity of vernonia species.

2.10 Genetic diversity at a morphological level
With morphological diversity analysis, morphological markers are used to help in
measuring the genetic diversity of a species. Morphological traits were among the earliest
genetic markers used in germplasm management (Stanton et al., 1994). However, they
have a number of limitations, including low polymorphism, low heritability, late
expression, and vulnerability to environmental influences (Smith and Smith, 1992).

These limitations in turn may affect the estimation of genetic relationships. Therefore, to
be useful, morphological measurements should be accomplished in replicated trials. This
may be expensive and time consuming. However, if the trials are highly heritable,
morphological markers are one of the choices for diversity studies because the
inheritance of the marker can be monitored visually without specialised biochemical or
molecular techniques (Taba et al., 1998).

2.11 Genetic diversity at a molecular (DNA) level
Molecular markers are becoming essential tools in plant breeding (Staub et al., 1996;
Mohan et al., 1997; Gupta et al., 1999). They have several advantages over the traditional
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phenotypic markers that are difficult or time-consuming to select by plant breeders.
These DNA markers are not influenced by environmental conditions and are detectable at
all plant growth stages.

During the last few years, complementary molecular methods have been developed for
strain typing including: (i) PCR amplification of antigen-encoding genes (gp63 and cpb)
followed by analysis of restriction fragment length polymorphism (PCR-RFLP,
(Harrington and Wingfield, 1995), (ii) PCR-RFLP of kDNA minicircles (Morales et al.,
2001), (iii) random amplification of polymorphic DNA (RAPD) (Chague et al., 1996)
and (iv) multilocus microsatellite typing (MLMT) (Bulle et al., 2002; Ochsenreither et
al., 2006).

Restriction fragment length polymorphism (RFLP) markers have routinely been used for
agronomic crops linkage analysis and genome mapping (Tanksley et al., 1989). However,
construction of RFLP maps has been very difficult due to the low level of polymorphism
in a self-pollinated crop such as wheat (Chao et al., 1989). DNA markers such as RFLPs
have been applied to interspecific studies of the genus Helianthus (Choumane and
Heismann, 1988; Riesberg et al., 1998; Gentzbittel et al., 1992).

AFLP markers are highly polymorphic and reproducible and thus represent a powerful
technique for DNA analysis that has revolutionised fingerprinting and diversity studies
(Vos et al., 1995). AFLP analysis detects genetic variation throughout the genome by
using a pair of specific restriction enzymes and their corresponding adapters combined
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with 2 selective rounds of PCR. AFLP technique has been used to identify markers linked
to disease resistance genes (Thomas et al., 1995; Harlt et al., 1999) and assess genetic
diversity in several important agronomic crops including wheat (Breyne et al., 1997;
Gupta et al., 1999).

SSR markers or microsatellites are tandem repeats interspersed throughout the genome
and can be amplified using primers that flank these regions (Grist et al., 1993). The
primers for SSRs can be synthesised based on a repeat sequence of (CA)n (Godwin et al.,
1997). SSR has been successfully used to construct detailed genetic maps of several
organisms and to study genetic variation within populations of the same species, such as
grapes, honeybees and tropical trees (Brown et al., 1996).

RAPD reactions are PCR reactions, but they amplify segments of DNA which are
essentially unknown to the scientist (random). Randomly amplified polymorphic DNA
(RAPD) analysis is widely used for studying taxonomy of various genera (Devas and
Gale, 1992), species (Faroog et al., 1995; Igbal et al., 1995), for differentiation of
intraspecies (Mackil, 1995; Sweeny and Danneberger, 1995) and to study the genetic
diversity of various cultivars and lines. RAPD (Williams et al., 1990) is based on the
polymerase chain reaction (PCR) and is widely adapted in genetic diversity analysis.
Recently, RAPDs have also been extensively used for assessment of genetic variation in
inbred lines of sunflower (Isaacs et al., 2003). These markers are of particular interest
and DNA profiles based on arbitrary primed PCR are both time- and cost-effective
(Williams et al., 1990).
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Principal component analysis and a dendrogram constructed from the Shannon-Weaver
diversity index (H') indicated the close relationship of some of the vernonia populations
both at molecular (RAPD) and morphological marker level (Baye, 2004). Though
clustering matches, there was a low correlation between the RAPD based molecular
diversity and phenotypic traits diversity. RAPD analyses (Welsh and McClelland, 1990)
are capable of detecting differences among strains of a single species. The simplicity and
fast sample processing of RAPD technique makes it useful for assessing population
genetic parameters such as within-population and between-population genetic diversity.
An additional advantage is that knowledge of the DNA sequences is not necessary to
apply this technique (Weising et al., 1995).
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CHAPTER 3
MORPHOLOGICAL DIVERSITY ANALYSIS ON TEN SELECTED VERNONIA
LINES
3.1 INTRODUCTION
Vernonia galamensis is a new potential industrial oilseed crop originated in eastern and
southeastern parts of Ethiopia. Its unique properties make it economically and
environmentally interesting. V. galamensis spp. galamensis var. ethiopica is an annual
crop, growing naturally in marginal areas with as little as 200 mm seasonal rainfall and at
an elevation ranging from 700 to 2400 m above sea level (asl) in the southern and
southeastern parts of Ethiopia (Gilbert, 1986). This plant in its natural distribution in
eastern and western Hararghe is known to farmers by the local names ‘Ferenkundela’,
‘Dunfare’, ‘Kefathebogie’, and ‘Noya’, which have different connotations in different
localities (Tesfaye, 1996).

Vernonia is grown successfully in countries near the Equator because the plants only
flower under day-neutral photoperiodic conditions. Research on Vernonia galamensis
was hindered by poor seed retention capacity of this crop in the America. Agronomic
research on V. galamensis was initiated in Zimbabwe in 1983, where small trial plantings
were made at the Botanical Garden in Harare and at four field stations of the Ministry of
Agriculture’s Department of Research and Specialist Services. The Harare trial and
another at the Lowveld Research Station, Chiredzi, confirmed the good seed retention
initially observed in Ethiopia. In another 1984 trial at Chipenge, plants were “toppled”
(upper part of plants removed) to determine how they would respond to removal of apical
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dominance. Plants produced lateral branches which tended to produce mature flower
heads at the same time. This encouraged uniformity of seed maturity and reduced time
from planting to maturity (Perdue (Jr) et al., 1989).

Vernonia has limited possibilities as an oilseed crop for the northern continental United
States. This crop flowers and sets seed too late in the growing season because shorter
days are required for flower initiation and development. Frosts follow flowering too
quickly to allow complete seed development and maturation. From trial plantings
conducted at Experimental field, Georgia and Glenn Dale greenhouses, Maryland, it was
concluded that poorly drained soil and/or insufficient length of growing season have
contributed towards the failure of vernonia to produce a mature crop (USDA, 1986).

A breeding and agronomic research on the production of vernonia in America for its oil
was hindered by the lack of seed retention and non-uniformity in the maturity of heads in
America (Massey, 1971). Bhardwaj et al. (2000), conducted a research to specifically
evaluate available vernonia germplasm for seed yield, oil content, and oil quality, and to
determine suitable production practices on mid-Atlantic region of the United States and
seed shattering continued to be prevalent in the available vernonia germplasm in their
tests.

Limited attempts to study the naturally existing variability in different accessions of V.
galamensis have been made since 1990 (Baye et al., 2001). Further collections and
evaluations, however, showed that this species is substantially better because of the
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quantity and quality of the seed oil and seed retention. Very recently, the plant was found
to be a potential crop for inclusion into the agricultural system in Ethiopia. Among other
characters, a seed yield up to 4000 kg/ha and an oil content of 40 % using unimproved
local materials was obtained which is much higher than found elsewhere (Baye, 1996,
2000; Baye et al., 2001). The objectives of this study were (1) to determine the
phenotypic variations present among selected vernonia lines for future breeding
programmes, (2) to determine seed yield and yield components and (3) to select lines that
could possibly be adapted for production under irrigated dry-lands of Limpopo province
(Capricorn district).

3.2 MATERIAL AND METHODS
3.2.1 Study site, growing conditions and experimental design
The study was conducted at Syferkuil, the University of Limpopo’s experimental farm,
which is characterised by hot dry summers and cool dry winters. The farm is situated at
23° South and 29° East and 1 261.6 m altitude. The mean average day temperature varies
from 28 °C to 30 °C. The farm has sandy loam soil, of the Hutton form, Glenrosa family,
with the pH ranging from 6.0 - 6.2. The experiment was laid out as a randomised
complete block design with 5 replications. The plot size was 3 m X 2.4 m with 60 cm
inter-row and 60 cm intrarow spacings.
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3.2.2 Test lines
The ten selected vernonia lines used in the experiment together with their geographic
location and coordination are all listed in Table 3.1. The lines were originally collected
from southern and eastern Ethiopia, where it is believed to be the variety’s centre of
diversity.

Table 3.1 List of test lines, their geographic locations and coordinates
Lines

Geographic locations and coordinates

Vge-1

Gelemso (08° 49' N, 40° 31' E)

Vge-5

Melkabelo (09° 12' N, 41° 25' E)

Vge-9

Harar Zuria (09° 19' N, 42° 07' E)

Vge-14

Metta (09° 25' N, 41° 34' E)

Vge-16

Gelemso (08° 49' N, 40° 31' E)

Vge-20

Yirgalem (06° 42' N, 38° 21' E)

Vge-23

Leku (06° 52' N, 38° 27' E)

Vge-27

Awassa (06° 52' N, 38° 27' E)

Vge-32

Areka (06° 48' N, 37° 43' E)

Vge-36

Arsi-Negele (07° 00' N, 38° 35' E)
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3.2.3 Data collection
From each line the following data were collected:
-

Seed yield in grams per plant

-

Days to 50 % flowering

-

Plant height in centimeters

-

Number of primary heads

-

Number of secondary heads

-

200-seed weight in grams, and

-

Seed yield in kilograms per hectare

3.2.4 Data analysis
Data on morphological traits were subjected to an analysis of variance (ANOVA)
procedure using SAS statistical program (SAS, 1989). Traits that showed significant
differences from the ANOVA were further subjected to Least Statistical Difference
(LSD) mean comparison at a 5 % level of significance. Means were recorded together
with coefficient of variation in percentages.
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3.3 RESULTS
3.3.1 Seed yield per plant in grams
There was a significant difference between lines and replication for seed yield per plant
(Appendix 9.1). The mean result allowed separation into six statistically different
groupings, denoted by alphabets from a to f (Table 3.2). The line with the highest seed
yield was Vge-16 with 28.33 g per plant whereas Vge-27 was the second highest with
26.13 g per plant. Vge-16 and Vge-27 were significantly different from each other (Table
3.2). Vge-14 recorded the lowest seed yield of 16.36 g per plant with Vge-20 as the
second lowest in seed yield as it recorded 17.59 g. The overall mean of seed yield of lines
was at 22.15 g per plant with the coefficient of variation of 5.04 %.
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Table 3.2 Responses for seed yield per plant (gram), days to 50 % flowering, plant
height (cm), number of primary heads, number of secondary heads, 200seed weight (gram) and seed yield per hectare (kg) among ten selected
vernonia lines
Traitsa, b
Lines

SYP

DTF

PH

NPH

NSH

TSW

SYHA

Vge-1

20.22de 113.33cd 154.20cd

37.33c

17.67cd

2.27f 561.67de

Vge-5

24.00c

96.67f

151.06de

46.00b

24.00b

2.85d 666.67c

Vge-9

21.67de

120.00b

147.80e

45.33b

17.33cde 2.56e 601.85de

Vge-14

16.36f

120.00b

162.67b

30.67d

12.00f

2.67e 454.44f

Vge-16

28.33a

93.33f 151.00de 60.00a

30.67a

1.85g 786.85a

Vge-20

17.59f

114.33cd 166.33ab 30.33d

Vge-23

21.92d

103.33e 153.00cd 34.33cd

20.67bc

3.66a 608.89d

Vge-27

26.13b

16.33bc

156.00c

56.00a

16.00def

2.63e 725.93b

Vge-32

25.40bc

110.00d

141.80f

48.67b

20.67bc

3.03c 705.93bc

Vge-36

19.87e

140.00a 167.85a

29.33d

12.67ef

3.22b 551.85e

Mean

14.67def 3.52a 488.70f

22.15

112.73

155.17

41.80

18.63

2.83

615.24

Cv (%)

5.04

2.64

1.54

7.22

14.83

3.28

5.04

LSD (0.05)

1.91

5.11

4.10

5.18

4.74

0.16

53.16

a

SYP = Seed yield per plant; DTF = Days to 50 % flowering; PH = Plant height; NPH =

Number of primary heads; NSH = Number of secondary heads; TSW = 200-seed weight;
SYHA = Seed yield per hectare.
b

Means followed by the same letter in a column are not significantly different at P=0.05.
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3.3.2 Days to 50 % flowering
The ten lines showed significant difference in days to 50 % flowering (Appendix 9.2).
Six different mean groupings were found according to the LSD procedure of mean
separation (Table 3.2). Vge-36 took more days to flower (140 days), followed by Vge-9
and Vge-14 with 120 days. Vge-16 took few days to reach 50 % flowering, which were
93 days, followed by Vge-5 which took 96 days to reach 50 % flowering. The grand
mean for the ten lines to reach 50 % flowering were 112 days with low coefficient of
variation estimated at 2.64 % (Table 3.2).

3.3.3 Plant height
This character showed significant differences between lines and replications (Appendix
9.3). Mean comparison among the ten lines resulted in six different groupings using the
LSD procedure, which are denoted by letters from a to f, (Table 3.2). Vge-32 was the
shortest with the height of 141.80 cm followed by Vge-9 with 147.80 cm and Vge-5 with
151.06 cm. Vge-32 and Vge-9 showed a statistical significant difference. The tallest line
was Vge-36 with a height of 167.85 cm followed by Vge-20 with 166.33 cm. The ten
lines had the grand mean height of 155.17 cm with CV of 1.54 %.

3.3.4 Number of primary heads
The lines showed a highly significant difference with respect to the number of primary
heads (Appendix 9.4). The LSD mean comparison resulted in four different groupings
shown as letters from a to d, (Table 3.2). Vge-16 produced the highest number of primary
heads with 60 heads per plant followed by Vge-27, Vge-32 displaying 56 and 48 heads,
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respectively. Vge-16 Vge-27 did not show significant difference. The line with the lowest
mean primary heads per plant was Vge-20 (30 heads), followed by Vge-14 with the mean
head of 31 per plant. A grand mean of 42 head per plant was displayed by the lines with
the coefficient of variation of 7.22 %.

3.3.5 Number of secondary heads
This trait showed significant difference between lines (Appendix 9.5). Six different
statistical groupings were found using the LSD procedure of mean comparison (Table
3.2). Vge-16 produced the highest number of secondary heads (31 per plant) while Vge-5
was the second highest with 24 heads. The lowest number of secondary heads was
produced by Vge-14 with 12 heads followed by Vge-20 which had 15 heads. The grand
mean among the ten lines was 19 heads per plant with the coefficient of variation of
14.83 %.

3.3.6 Two hundred seed weight
Lines had significant differences with respect to 200-seed weight (Appendix 9.6). This
character resulted in seven different groupings using the LSD procure, denoted by letters
from a to g, (Table 3.2). The line with the heaviest seed weight per 200 seeds was Vge-23
with 3.66 g, whereas Vge-20 was the second showing 3.52 g. Vge-1 had relatively low
seed weight showing 2.27 g followed by Vge-9 with 2.56 g. A grand mean of 2.83 g was
recorded among the ten lines with the coefficient of variation of 3.28 %.
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3.3.7 Seed yield per hectare
Lines displayed significant differences with respect to seed yield in kilograms per hectare
(Appendix 9.7). Six different groupings were found (Table 3.2). Vge-16 had the highest
seed yield of 786.85 kg per hectare followed by Vge-27 showing 725.93 kg per hectare.
The two lines displayed a significant statistical differences at P=0.05. Vge-14 on the
other hand recorded the lowest seed yield of 454.44 kg per hectare followed by Vge-20
with 488.70 kg per hectare.

3.4 DISCUSSION
Seed yield per plant showed a highly significant difference among the selected vernonia
lines. The mean yield among the ten selected lines was 22.15 g ranging from 16.36 to
28.33 g. Baye and Becker (2005a) reported mean yield of 13.85 per plant with ranges
from 1.59 to 48.99 g, which showed a wider variations. Even though they reported a
bigger maximum yield, their grand mean is about half of the present study. Their average
yield was taken across two climatically differing locations, namely Babile and Alemaya
in Ethiopia, and Babile showed better results compared to Alemaya, where vegetative
growth was encouraged over reproductive growth due to cooler climates. However,
Angelini et al. (1997) reported mean seed yield per plant of 3.8 g which are significantly
lower than the present findings. This is due to the fact that their plants did not receive
sufficient short-day photoinduction to produce flowering and resulted into excessively
tall vegetative growth – more than 3 m.
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Lines varied in terms of the time needed to reach 50 % flowering which ranged from 93
to 140 days. The reason to this variation might be the fact that the ten lines were
originally collected from different geographic locations. This would mean that their
responses to climate change would be different and hence triggered by different degree of
coldness. Corresponding results were reported by Baye et al. (2001) who indicated 126
days for most Vernonia accessions to reach 50 % flowering. However, at other locations,
such as Babile and Harar, less than 117 days and 105 days, respectively, were reported to
reach flowering (Baye et al., 2001).

Plant height had a highly significant difference among lines and had lower coefficient of
variation (2.64 %). The shortest line recorded was Vge-32 with the mean height of
141.80 cm, while Vge-36 was the tallest with the mean height of 167.85 cm with the
grand mean height of 155.17 cm. Baye et al. (2001) found similar corresponding results
when testing different vernonia accessions across three different locations. Much wider
variation in terms of plant height was reported by Thompson et al. (1994b) when they
reported plant height ranging from 23 to 88 cm sown in different locations of the USA.
Baye and Becker (2005a) reported a minimum plant height of 16.95 cm and a maximum
of 132.96 cm with the mean height of 97.95 cm in their trial under two different
locations.

Lines also showed differences in terms of the number of primary heads per plant. The
minimum and maximum values were 29 and 60 and these results are higher than the
reported by Baye and Becker (2005a). The authors reported 37.82 and 36.62 mean values
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of primary head number at Babile and Alemaya, respectively. Baye et al. (2001) reported
much lower results at Babile where the minimum and maximum values were 4.38 and
10.95, respectively. The variations in the number of primary heads in this study can be
attributed to the fact that these ten lines have different habits when it comes to primary
branch production. Vge-16 seems to have contributed much of its metabolites towards
primary branch production as compared to other lines and again it seems prominent that it
is the one more adapted to the environmental conditions than others. Vge-36, which had
the least number of heads, might have been interrupted and forced to enter the other
developmental stages either by the environmental factors that favored reproductive
growth and could not produce enough branches for high heads production.

The results from this study showed that different lines produce varying number of
secondary heads. The mean responses among the ten lines ranged from 12.00 to 30.67
heads with the grand mean of 18.63 heads. Baye et al. (2001) reported corresponding
results at Alemaya Research Station when they reported values ranging from 12.4 to 31.3
heads with the grand mean of 13.3 among eight accessions of vernonia. They further
reported fewer secondary heads at Harar with values ranging from 11.2 to 16.1 and at
Babile with ranges from 9.6 to 19.1 heads. The fewer primary heads number might been
compromised by the relatively tall accessions at Harar, which promoted vegetative
growth.

The 200 seed weight had mean value of 1.67 that ranged from 1.50 to 1.79. Angelini et
al. (1997) reported corresponding results with a grand mean of 3.20 g with values ranging
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from 2.7 to 3.8 g per 1000 seeds. Baye et al. (2001) also reported supporting results at
three research stations with individual grand means of 4.3, 3.9 and 3.3 g per 1000 seeds
among eight vernonia accessions. Contrastingly, Thompson et al. (1994a) reported lower
values of 1.87–2.91 g/1000 seeds among 17 different V. galamensis accessions. Their
accessions had shorter period from heading to maturity and as a results grain filling was
might have been compromised.

This study found mean yield of 615.24 kg/ha with ranges from 454.44 to 786.85 kg/ha.
Baye et al. (2001) reported supporting results with a grand mean of 638.8 kg/ha of seed
yield and values ranging from 510 to 810 kg/ha from eight different vernonia accessions
sown at Babile Research Station. Results from the present study are comparable to the
mean yield of 861 kg/ha with ranges from 493 to 1394 kg/ha reported by Bhardwaj et al.
(2000) when evaluating the performance of 14 different vernonia genotypes at
Petersburg, Virginia. However, much higher results were found at Harar with the grand
mean of 2 733.8 and values ranging from 2 470 to 3010 kg/ha of seed yield. This is about
four times higher than the yield found in the present study. The contributing factor
towards the low yield in the present study could be due to the spacings used in the
establishment of the experiment. Baye et al. (2001) maintained their plant spacings at 0.5
m X 0.15 m corresponding to 133 333 plants per hectare, which is about four times larger
than that of the present study which was approximately 27 700 plants per hectare from
the spacings of 0.60 m and 0.60 m as inter-and intrarow spacings.
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3.5 CONCLUSION
The results showed significant variation in terms of morphological traits, which confirm
results of other researchers. Seed yield per plant, days to 50 % flowering, plant height,
number of secondary heads, and seed yield per hectare grouped the ten selected lines into
six different grouping. The best performing line was Vge-16 with best seed yield (28.33 g
per plant), reduced days to flowering (93 days), higher number of primary (60) and
secondary heads (30 per plant).
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CHAPTER 4
SEED OIL CONTENT AND FATTY ACIDS ANALYSIS AMONG TEN
SELECTED VERNONIA LINES
4.1 INTRODUCTION
In the last three decades a number of new oilseed crops have been introduced on the
market providing the industry with new or unusual fatty acids, such as fatty acids with
hydroxy or epoxy groups (Mikolajczak et al., 1961; Princen and Rothfus, 1984; Abbott et
al., 1997). These fatty acids are used as ingredients in the production of various products
such as paints and coatings, detergents, cosmetics, lubricants, flavours or biodegradable
polymers (Muuse et al., 1992; Watkins, 1999). One important point for the introduction
of a new industrial oil crop is to find new end-markets (Haumann, 1991). Oil and residue
are strongly tied together, so that the success of an oil crop depends on the utilisation of
both products. The residue of the oil-pressing process can be used as fuel for power
stations, but from an economical point of view this residue should be used in the diet of
animals to get a better commercial exploitation of the agricultural product (Steg et al.,
1994).

Many plants produce seed oils with epoxy fatty acids (Earle, 1970). A few produce as
much as 80 % of one epoxy acid, vernolic acid (12,13-epoxy-cis-9-octadecenoic). Those
with potential as crops are Vernonia galamensis (Perdue et al., 1986), Stokes Aster
(Earle, 1970), and Euphorbia lagascae (Kleiman et al., 1965). These epoxy oils have an
advantage over commercially epoxidised oils in that the location, number, and
configuration of epoxy and olefinic groups are rigorously known. The oil of Vernonia
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galamensis forms excellent baked coatings on steel (Carlson et al., 1981) and
interpenetrating polymer networks with other polymers (Sperling et al., 1983). These oils
have potential in the production of plastics, paints, and lubricants.

V. galamensis (Cass.) Less. was identified for the first time in Eastern Ethiopia by Perdue
in 1964 at 7 km south east of Harar town, 9º 14' N and 42º 35' E at 1700 m asl (Perdue,
1988). The seeds of V. galamensis contain substantially higher amounts of vernolic acid
(more than 74 %) than that of V. anthelmintica (67 %) and E. lagascae (60 %) (Higgins,
1968; Pascual-Villalobos et al., 1993; Thompson et al., 1994b). Thompson et al. (1994b)
using V. galamensis found a wide variation in oil content (24.4-33.8 %) and vernolic acid
(60.2-75.5 %). They found a mean oil content of 28.7 and 30.4 % at Phoenix and Yuma,
USA, respectively. They further stated that environmental factors undoubtedly play a
quantitative and qualitative role in the biosynthesis of both oil and fatty acids.

Vernonia galamensis was also recognized as a new potential oilseed during a three year
trial in Central Italy, after determining seed oil content and fatty acids from eight oilseed
crops (Angelini et al., 1997). V. galamensis was one of the crops that produced high
levels (more than 50 %) of a single fatty acid in their seeds. Vernolic acid is a natural
epoxy fatty acid that is present in new oil seed crops like Euphorbia lagascae and
Vernonia spp (Sperling et al., 1983). Their seed oils consist over 60% vernolic acid
allowing a relatively easy recovery of this versatile starting material for the synthesis of a
wide range of chemicals (Cuperus and Derksen, 1996). The synthesis described above,
using functionalized fatty acids as a renewable starting material, provide good
alternatives for existing syntheses (Dasardhi et al., 1991) and can reduce the amount of
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hazardous chemicals required. This experiment was conducted in order to determine the
seed oil content and fatty acid profiles from ten selected vernonia lines as well as to
assess the relatedness of oil content and various fatty acids.

4.2 MATERIALS AND METHODS
4.2.1 Test lines, growing conditions and experimental design
For a list of the ten selected vernonia lines used in this experiment, their geographic
locations and co-ordinations refer to Table 3.1 in Chapter 3. The growing conditions and
experimental design for the ten selected vernonia lines were as described in section 3.2.1
in Chapter 3.

4.2.2 Seed oil content and fatty acid profiles determination
The procedures employed for seed oil content and fatty acid composition determination
have been indicated in sub-sections 4.2.2.1 and 4.2.2.2.

4.2.2.1 Seed oil content
The oil content was determined on the basis of dry seed weight and three replications per
entry were analysed. The oil was isolated according to an established method (Folch et
al., 1957) with chloroform-methanol (2:1 v/v) containing butylated hydroxyl toluene
(0.001 %) as an antioxidant. Ground seed (0.5 g) was used for lipid extraction in a 250 ml
round bottom flask. Chloroform:methanol (30 ml 2:1 v/v) was added into the flask
containing the ground seeds and left overnight in a refrigerator at 4 °C. The sample was
then transferred into a separatory funnel by filtering through a pre-weighed 18.5 cm
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Whatman No. 1 filter paper. The round bottom extraction flask was washed three times
with 12 ml of chloroform:methanol (2:1 v/v) and transferred to the separatory funnel
through the filter paper. After allowing everything to run through, the filter paper was
removed. Then 16.5 ml distilled water was added to the separatory funnel, which was
recapped, shaken thoroughly, and allowed to stand for one hour for separation. After that
the lower phase was drained into a 500 ml round bottom flask and 50 ml of
chloroform:methanol:water (86:14:1 v/v) was added to the separatory funnel. After 15
minutes, the lower phase was drained again into the 500 ml round bottom flask and the
step was repeated and the upper phase discarded.

Contents of the 500 ml round bottom flask were allowed to evaporate under vacuum in a
rotary evaporator at 60°C for 20 minutes. The remaining water was removed by the
addition of 30 ml methanol and then evaporated under vacuum at 60°C. Contents of the
flask were washed six times with 5 ml portions of diethyl ether into a pre-weighed
polytop. Diethyl ether was removed from the polytop by evaporation under a stream of
nitrogen on a heating block at 60°C for 20 minutes. The filter papers together with the
retentate and polytops were then dried at 50°C in a vacuum oven overnight and weighed
separately the next day. Subsequently the weight of the fat (g), oil content (OC), fat free
dry matter (FFDM) (%), and moisture content were calculated. The weight of the oil was
determined as a difference of the weight of the polytops containing the extracted fat less
the original weight. The OC was calculated as a ratio of weight of the oil to its respective
sample mass expressed in percentage. The FFDM was obtained as a ratio of the
difference of the weight of the filter paper that contained the dry matter less its original
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weight divided by initial measured sample mass and expressed in the percentage. The
MC is 100 less the sum of OC and FFDM.

4.2.2.2 Fatty acid profiles
The fatty acid composition was determined after transesterification by the addition of trimethyl sulphonium hydroxide (TMSOH) (Butte, 1983). Fatty acids were quantified using
a Varian GX 3400 flame ionisation gas chromatograph, with a fused silica capillary
column, Chrompack CPSIL 88 (100 m length, 0.25 µm ID, 0.2 µm film thicknesses).
Column temperature ranged from 40-230°C (hold 2 min; 4°C per minutes; hold 10
minutes). Fatty acid methyl esters in hexane (1 µl) were injected into the column using a
Varian 8200 CX Autosampler with a split ratio of 100:1. The injection port and detector
were both maintained at 250°C. Hydrogen was used as the carrier gas at 45 psi and
nitrogen as the makeup gas. Identification of sample fatty acids was made by comparing
the relative retention times of fatty acid methyl ester peaks from samples with those of
standards obtained from SIGMA (cat. No. 189-19). Chromatographs were recorded with
the Varian Star Chromatography Software version 4 and relative percentage composition
of fatty acids quantitated as ratios of peak areas.

4.2.3 Data analysis
Data on seed oil content and fatty acids profiles were subjected to an analysis of variance
(ANOVA) procedure of the SAS statistical program (SAS, 1989). Mean comparisons
among lines was carried out for characters that showed significant differences from the
ANOVA using the LSD procedure at 5 % level of significance.
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4.2.4 Relatedness of oil content and fatty acid profiles
Correlation analysis was carried out to describe the pattern of association between
agronomic variables and the various fatty acids. The correlations were calculated and
significance of Pearson correlations was assessed on the basis of the available data.

4.3 RESULTS
4.3.1 Seed oil content
There was no significant difference observed for seed oil content in terms for both
treatment and replication (Appendix 9.8). The mean responses together with grand mean,
LSD value and the coefficient of variation are presented in Table 4.1. The best
performing line in terms of seed oil content was Vge-32 with 33.11 % oil, while the worst
performing line was Vge-9 with 22.40 % oil.
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Table 4.1 Mean responses for seed oil content and fatty acid among ten selected
vernonia lines
Traitsa, b
Lines

SOC

VA

LA

Vge-1

28.12

75.51

13.62

Vge-5

27.31

75.90

Vge-9

22.40

Vge-14

PA

SA

4.44bcde

2.92a

2.64

13.06

4.10cdef

2.81a

2.75

76.83

13.08

3.83ef

2.48b

2.26

23.81

74.34

13.02

4.51bcd

2.92a

2.61

Vge-16

26.44

74.66

13.20

4.86ab

2.93a

2.59

Vge-20

29.05

73.09

13.05

5.28a

2.83a

2.52

Vge-23

27.77

74.17

14.05

4.69abc

2.81a

2.74

Vge-27

26.04

74.65

13.59

4.40bcde

2.55b

2.30

Vge-32

33.11

75.92

13.37

3.99def

2.98a

2.26

Vge-36

28.38

74.67

13.13

3.77f

2.85a

2.47

Mean

27.24

74.97

13.31

4.38

2.81

2.51

7.84

2.59

1.44

0.613

0.20

0.34

12.73

1.53

4.77

6.18

3.08

6.06

LSD (0.05)
Cv (%)
a

OA

SOC = Seed oil content; VA = Vernolic acid; LA = Linoleic acid; OA = Oleic acid;
PA = Palmitic acid; SA = Stearic acid.

b

Means followed by the same letter in a column are not significantly different at P=0.05.
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4.3.2 Vernolic acid
The analysis of variance for vernolic acid showed that there were no significant
difference between both replications and lines (Appendix 9.9). The mean performances
for the ten selected vernonia lines in terms of vernolic acid composition are presented in
Table 4.1. The best line was Vge-9 with 76.83 %, whereas the poor line was Vge-20 with
73.09 % vernolic acid.

4.3.3 Linoleic acid
From Appendix 9.10, it was shown that both replication and lines resulted in no
significant differences for linoleic acid percentage composition. Table 4.1 presents the
mean performances of the ten selected vernonia lines for linoleic acid content. The best
line was Vge-23 as it recorded 14.05 % of linoleic acid, while line Vge-14 recorded 13.02
% of linoleic acid which is the lowest among the ten selected lines.

4.3.4 Oleic acid
Significant differences were obtained between both the replications and lines for oleic
acid composition (Appendix 9.11). The mean comparison for oleic acid composition for
vernonia lines through LSD procedure is presented in (Table 4.1). Vge-20 had the highest
oleic acid composition of 5.28 %, while Vge-36 had the lowest percentage composition
of 3.77 %.
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4.3.5 Palmitic acid
Appendix 9.12 shows that no significant difference was obtained between replications,
whereas highly significant difference was obtained between lines. Vge-32 had the highest
palmitic acid composition with 2.98 %, while the line with the lowest palmitic acid
percentage composition was Vge-9 with 2.4 (Table 4.1).

4.3.6 Stearic acid
Appendix 9.13 shows no significant differences from both replications and lines for
stearic acid composition among the ten selected vernonia lines. The mean performances
among the selected lines for palmitic acid composition are shown in Table 4.1 together
with the grand mean and coefficient of variation. The best line in terms of stearic acid
composition was Vge-5 with 2.75 %, whereas the poorest lines were Vge-9 and Vge-32
as they both had 2.26 %.

4.4 Correlation of seed oil content with different fatty acids
The correlation coefficients for pair wise comparison of the degree of relatedness
between seed oil content and the different fatty acids among ten selected vernonia lines is
presented in Table 4.2.
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Table 4.2 Correlation coefficients for pair-wise comparison for the degree of
relatedness of seed oil content and fatty acid profiles among ten selected
vernonia lines
Traitsa, b
SOC

VA

LA

OA

VA

0.17ns

LA

- 0.15ns

- 0.30*

OA

0.01ns

- 0.76*

0.15ns

PA

0.41*

- 0.10ns

0.05ns

0.09ns

SA

- 0.05ns

- 0.29ns

0.30*

0.37*

a

PA

0.41*

SOC = Seed oil content; VA = vernolic acid; LA = Linoleic acid; OA = Oleic acid; PA

= Palmitic; SA = Stearic acid.
b

ns = non significant; * = significant at p<0.05.

Seed oil content showed negative non-significant correlations to vernolic, linoleic, oleic
and stearic acid, whereas it showed significantly positive correlations to palmitic acid.
Vernolic acid on the other hand had negatively significant correlations with linoleic and
oleic acids acid and stearic acid. Linoleic, oleic and palmitic acid showed positive
significant correlations to stearic acid.
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4.5 DISCUSSION
Seed oil content for this study ranged between 22.40 and 33.11 % and this corresponds to
those reported by Angelini et al. (1997) in another study using Vernonia galamensis
accessions. They reported seed oil content varying between 22.10 and 31.20 % with the
mean of 26.70 % which is just lower than 27.24 % realised from the present study.
However, Baye et al. (2001) investigated the performance of seed characters of eight V.
galamensis var. ethiopica accessions sown at Alemaya, Harar and Babile and reported
higher seed oil content averaging at 38.70, 39.50 and 34.70 % for each respective
location. Hiruy and Getinet (1990) reported that higher altitudes and lower temperatures
improve the biosynthesis of both oil and fatty acids, qualitatively and quantitatively, in
most cultivated oil crops. This might be the reason for the lower yield found in the
present study compared to those reported for Alemaya, Harar and Babile because the
three locations were higher in terms of altitudes than Syferkuil, with the difference in
altitudes being about 530 m.

Vernolic acid in the present study had a mean of 74.97 % with values ranging from 73.09
to 76.83 %. Corresponding results were reported by Angelini et al. (1997) when
characterising different V. galamensis accessions, showing mean of 70.30 % which is
lower than the one reported for this study. Baye and Becker (2005b) also reported
supporting results, when reporting the mean vernolic acid content of seed oil of 74 %
which ranged from 34 % to 87 %. Slightly lower results were reported by Baye and
Becker (2005a), with the mean of 68.28 % vernolic acid from two different locations.
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These results suggest that vernonia is stable in terms of vernolic acid synthesis across
different agro-climatic regions.

Linoleic acid composition from this study showed a narrow variation compared to other
researches. Values ranging from 13.02 to 14.05 % for linoleic acid were found in the
present study whereas, much wider variations were reported by Baye et al. (2005) when
41 vernonia accessions, collected from different eco-geographic regions from Ethiopia,
with values ranging from 2.40 % to 31.80 % linoleic acid composition. In another study
conducted by Baye and Becker (2005a) on 122 vernonia populations, with 115 accessions
from all regions of Ethiopia and seven accessions introduced from outside of Ethiopia,
reported mean values ranging from 12.74 to 21.65 % linoleic acid content. Their results
also showed a considerable variation for linoleic acid content and this was accompanied
by a mean of 16.33 % linoleic acid, which is higher than the results found in the present
study. The reason to these great variations reported by other researchers might be that
they used many accessions 41 and 122, respectively, which possibly had great genetic
variations. In the study few lines were used and these lines might have had a narrow
genetic variation between them.

Oleic acid composition across the ten selected vernonia lines showed significant
variations and their mean percentage had not differed from other researchers. Baye and
Becker (2005b) evaluated 41 V. galamensis accession and reported supporting results
with a mean of 4.42 %, which is not different from 4.38 realised from the present study.
However, their results reported values ranging from 2.10 to 7.20 %, which is a wider than
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3.77 to 5.28 % realised from the present study. The fewer number of accessions used in
the present study might have been responsible for the narrow range found in this study as
opposed to a total of 122 populations used by Baye and Becker (2005b).

The present study found significant differences between lines for palmitic acid.
Supporting results were reported by Baye and Becker (2005b) with a mean of 3.32 %
with ranges between 2.50 and 4.01 % which are higher compared to those recorded from
the present study. However, Baye et al. (2005) reported lower percentage composition of
palmitic acid, with a mean of 3.33 % and values ranging from 1.90 to 4.30 %. Their
results reported slightly wider variations as well than the present study probably due to
the higher number of accessions used in their study compared to 10 lines used in the
present study. Their mean value might have been counteracted by the presence of the
worst performing lines in their study due to large number of different accessions used as
opposed to the present study.

The lack of variation among the lines used in the present study was also confirmed with
stearic acid composition. Baye et al. (2005) reported a slightly wider range from 2.10 to
3.50 % as compared to 2.26 to 2.75 % stearic acid composition found in the present
study. However, the mean percentage composition (2.88 %) across the accessions
reported by these researchers were supportive of that found in the present study (2.75 %)
for stearic acid. Even more corresponding results were reported with a mean composition
of 2.55 % and values ranging from 1.4 – 6.5 % stearic acid. In this case, a much wider
range was reported but it seems there were more poor lines than better lines and that
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lowered the grand mean to 2.55 %. Better results were reported by Baye and Becker
(2005a) as they reported a mean composition of 4.02 % with values ranging from 3.33 to
5.16 averaged from two different locations. It seems there was no wider range reported
but still their results were better and this might suggest that they used better performing
lines in terms of stearic acid synthesis as their minimum value is even higher than every
other mean stearic acid composition reported, including the present study.

The results from the correlation analysis of seed oil content and various fatty acids
indicate that selection for oil content would have positive and significant effects on
palmitic acid and negative and non significant effects on linoleic acid and stearic acid.
Nearly contrasting results have been reported by Baye and Becker (2005a) as they found
that seed oil content had highly significant effects on all five fatty acids with vernolic
acid showing the only positive correlation value. Their results meant that it is possible to
improve vernolic acid by selecting for the high oil content in vernonia. It is also shown
for the correlation analysis that selection for vernolic acid will results in negative and
significant effects on linoleic acid and oleic acid. This means that palmitic and stearic
acid cannot be improved by selection for vernolic acid, but they must be selected for
directly. Linoleic recorded positively non-significant correlations to oleic, palmitic and
stearic acid, and oleic acid had positive and non-significant correlations to palmitic and
stearic acid and also palmitic acid followed on their trends. The results further suggest
that linoleic, oleic, palmitic and stearic acid would have no effect on one another when
selection is emphasised on either of them.
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4.6 CONCLUSIONS
The results of this study confirmed less variation in seed oil content among ten selected
Vernonia galamensis as shown by other studies conducted on this crop. All in all a good
seed oil content was found in this study and five different types of fatty acids were found
vernonia oil and vernolic acid comprised more than 75 percent followed by linoleic acid.
The best line was Vge-9 in terms of vernolic acid composition though its seed oil content
was the lowest. The correlation between seed oil and fatty acids showed that they are
significantly correlated which means that selection for seed oil content will definitely
affect the composition of other fatty acids and therefore conscious selection should be
made in attempts to improve any of these.
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CHAPTER 5
USE OF RAPD ANALYSIS TO DETERMINE GENETIC DIVERSITY AMONG
TEN SELECTED VERNONIA LINES
5.1 INTRODUCTION
From the commercial point of view, DNA fingerprinting is a useful tool for varietal
protection to prove ownership or derivation of plant lines. Moreover, the analysis of
genetic diversity and relatedness between or within different species, populations and
individuals are a prerequisite towards effective utilisation and protection of plant genetic
resources (Weising et al., 1995). Genotypic characterisation of organisms has gained a lot
of momentum over morphological characterisation since the expression of genes is not
affected by the environment unlike the morphological expression of characters. There are
several fingerprinting techniques that can be used to genotype or genetically characterise
and determine genetic diversities.

In principle, genetic uniqueness is brought about by two factors, inheritance and new
mutations, and since all genetic differences between individuals are laid down in the
primary sequence of their genomic DNA, the most straightforward method is identifying
an individual sequence for genomes under comparison (Krawczak and Schmidtke, 1994).
Morphological and biochemical or protein markers may be affected by environmental
factors and growth practices (Xiao et al., 1996, Ovesna et al., 2002, Higgins 1984). DNA
markers portray genome sequence composition, thus, enabling to detect differences in the
genetic information carried by the different individuals.
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A wide variety of DNA-based markers have been developed in the past few years (Jatoi
et al., 2006). For instance, Palombi and Damiano (2002) compared RAPD and SSRmarkers to detect genetic variability in kiwifruits. Similarly, Ferdinandez and Coulman
(2002), Corazza-Munes et al. (2002), Archak et al. (2003) and McGregor et al. (2000)
either compared the efficiency of RAPD, SSR and AFLP or used the different classes of
markers for genotype identification. Recently, the efficacies of different classes of PCRbased markers were also used to characterise barley and rice cultivars (Saker et al., 2005
and Virk et al., 2000).

One other widely used technique is randomly amplified polymorphic DNA (RAPD)
polymerase chain reaction (PCR) or arbitrarily primed PCR. This technique has been
used for genetic diversity analysis in Changium smyrnioides (Apiaceae), which is an
endangered plant (Fu et al., 2003) because of the generic capabilities and relatively low
cost of equipment for PCR. This method requires no previous knowledge of the template
DNA sequence (Zhang et al., 1997). By using one arbitrary primer and low-stringency
conditions, the primer hybridises to both strands of template DNA, where it is matched or
partially matched, resulting in strain-specific heterogeneous DNA products. RAPD is a
PCR-based assay for the detection of genetic po1ymorphisms (Williams et al., 1990). In
brief, 10 bp oligonucleotides of arbitrary nucleotide composition (with a minimum GC
content of 60 %) are used as primers with the notion that annealing sites will be scattered
throughout the genome in a strain-specific manner. There are two restrictions placed on
the primer annealing sites: 1) they must be within 2kb of one another and 2) they must be
in opposite orientation (Gupt et al., 1999). PCR will optimally amplify stretches of DNA
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between 0.2 and 2.0 kb (Haymer, 1994); primer annealing sites which are separated by a
distance falling outside this range will likely not yield a reliable amplification product
(Caetano-Anolles et al., 1991).

A modified CTAB procedure described by Doyle and Doyle (1990) is one method that
can be used for the extraction of DNA from plant materials especially from young and
mature leaves. To carry out the PCR reaction, the CTAB method is relatively simple and
is the method of choice for obtaining good quality total DNA from many plant species.
The method is applicable to both fresh and dehydrated plant material and was tested on
plants with polyphenols and polysaccharides. The procedure uses polyvinylpyrrolidone
(PVP) and NaCl to remove contaminations e.g. polyphenols and polysaccharides (Sharma
et al., 2002). Part of this study was to characterise ten selected vernonia lines through
RAPDs.

5.2 MATERIALS AND METHODS
5.2.1 Test lines
Ten different vernonia lines collected from different geographical locations in Ethiopia
were used for this study (see Table 3.2 in Chapter 3). Seeds of these lines were grown in
the greenhouse at the University of Limpopo to obtain seedlings from which leaves were
sampled. A total of thirty pots were used to grow the plants whereby five seeds per line
were planted in three individual pots. Germination took place and seedlings were thinned
to one seedling per pot. They were allowed to grow for three to four weeks before leaf
sampling. Four to five young leaves were sampled from individual lines and immediately
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placed in liquid nitrogen and then frozen in a - 80°C refrigerator until genomic DNA
extraction.

5.2.2 Reagents
Acetic acid glacial, chloroform, acetic acid glacial, chloroform, ethanol, ether, glycerol
were obtained from Saarchem, Johannesburg, South Africa; agarose bromophenol blue,
Cetyl trimethyl ammonium bromide (CTAB), βmecarptoethanol, Ethylene diamine
tetraacetic acid (EDTA), ethidium bromide, isoamylalcohol, sodium chloride (NaCl),
phenol, polyvinyl pyrrolidone (PVP), Triisopropylphenylsulfonyl (TRIS) were obtained
from Sigma, Johannesburg, South Africa; Liquid nitrogen was obtained from Microscopy
and Micraoanlysis unit, University of Limpopo; primers were obtained from Qiagen,
Germany; RNaseA, PCR components (MgCl2, 5 U Taq DNA polymerase, 1X PCR buffer
and 2 mM dNTPs) were obtained from Fermentas, Ontario, Canada.

5.2.3 Genomic DNA isolation
Leaf samples to the weight of 3 – 5 g were crushed to powder in liquid nitrogen with a
mortar and pestle. A 10 ml extraction buffer pre-heated at 60°C containing 100 mM TrisHCl (pH 8); 1.4 M NaCl; 20 mM EDTA; 0.1 % mercaptoethanol and 2 % CTAB was
added to the crushed leaf material. The resulting slurry was poured into a 50 ml
polypropylene centrifuge tubes, followed by rinsing of the pestle and mortar with 1 ml of
extraction buffer and adding the wash off to the initial extract.
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To the leaf slurry 50 μl (PVP) was added and mixed by inverting the tube several times.
The mixtures were incubated at 60°C for 30 minutes and then allowed to cool to room
temperature. Chloroform:isoamyl alcohol (24:1) was added to the tubes and mixed gently
by inverting the tubes several times to form emulsion. The mixtures were centrifuged at
6000 rpm on a MISTRAL 1 000 centrifuge fitted with a MSE 935 rotor for 15 minutes at
room temperature. The supernatant was collected, and half a volume of 5 M NaCl and
two volumes of cold (-20 °C) 95 % ethanol were added to precipitate DNA. The
precipitated mixture was then centrifuged at 3 000 rpm for three minutes, followed by 5
000 rpm for another three minutes to sediment the DNA pellet on the tube. Since CTAB
and NaCl sometimes precipitate with DNA, the CTAB/NaCl residual was removed by a
three-times wash with 70 % ethanol followed by a short centrifugation run. The
supernatant was discarded, followed by washing the pellet with 76 % ethanol. The pellet
was dried by leaving the tubes uncovered on a water bath at 37 °C for 30 minutes.

The dried pellet was resuspended in 100 μl sterile distilled water (sdH2O). The DNA was
collected by centrifugation for 2 minutes at 4 °C at 14, 000 rpm and the pellet was
washed with 70 % ethanol, dried and re-suspended in 250 μl sdH2O (sterile distilled
water). In order to remove RNA and protein contamination, the solution was treated with
5 l RNaseA (10mg/ml) and incubated at 37°C for 1hour. The RNaseA treatment was
followed by addition of 300 l phenol/chloroform/isoamylalcohol (25:24:1) precipitation
(Cheng et al., 2003) and centrifugation for 15 minutes at 10 000 rpm in a Joan microcentrifuge. To the supernatant, 100 l of 5 M NaCl and 400 l water-saturated ether were
added followed by centrifugation for 10 minutes at 10 000 rpm. The bottom phase was
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collected and two volumes of pre-chilled 95 % ethanol was added, which was followed
by incubation at 4 °C until the DNA strand is appeared. The precipitated mixture was
centrifuged at 5000rpm for three minutes and the formed pellet was washed with 70 %
ethanol until a colourless pellet was obtained. The pellet was dried by speed vacuum
(SC110, New York) and then resuspended in 100 l of sdH2O. The DNA was kept at 20°C until use.

5.2.4 DNA quantification
To determine the quality and amount of isolated DNA, samples of isolated DNA 5 μl
were run on a 1 % agarose gel in TAE buffer (0.04 M Tris-acetate; 1 mM EDTA, pH 8)
as outlined by Sambrook et al. (1989). After staining, the gel with ethidium bromide for
15 minutes, a 100 base pair marker (1 kb Mass ruler DNA ladder mix) was used to
determine the quantity. DNA quality was determined on a white/UV-transilluminator and
photographed.

5.2.5 RAPD analysis
For RAPD amplification, 15 arbitrary nucleotide primers (see Table 5.1) were initially
screened for amplification and polymorphism; those that gave reproducible and distinct
banding patterns were selected. All the primers used were random sequence primers with
GC contents between 60 and 70 %.
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Table 5.1 List of 13 RAPD primers screened for amplification and polymorphism
Primer code

Nucleotides Sequence % G+C
(5' to 3')

Melting/ annealing temperature (Tm)
Tm= 4(G+C) + 2(A+T)

OPA 02

TGCCGAGCTG

70

34

OPA 03

AGTCAGCCAC

60

32

OPA 04

AATCGGGCTG

60

32

OPA 05

AGGGGTCTTG

60

32

OPA 06

GGTCCCTGAC

70

34

OPA 07

GAAACGGGTG

60

32

OPA 08

GTGACGTAGG

60

32

OPA 09

GGGTAACGCC

70

34

OPA 10

GTGATCGCAG

60

32

OPA 11

CAATCGCCGT

60

32

OPA 12

TCGGCGATAG

60

32

OPA 13

CAGCACCCAC

70

34

OPA 14

TCTGTGCTGG

60

32

RAPD analyses were carried out with varying concentrations of MgCl2 (1.5 mM, 2 mM
and 4 mM), Taq DNA polymerase (1 U, 1.25 U and 2 U) and DNA template (50-200 ng)
to optimise PCR conditions. Two different brands of Taq were used, namely Ex Taq
(Takara, Japan) and recombinant Taq polymerase (Fermentas, Germany). In the
optimised PCR, RAPD reactions were performed in a total volume of 25 l in sterile 0.2
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ml eppendorf tubes containing 10×PCR buffer (10 mM Tris-HCl, pH 8.0), 2 mM dNTPs,
5 U Taq polymerase, 0.5 µM primers and 200 ng template DNA. For the initial primer
screening, a reaction mixture contained 1.5 mM 1X buffer, 0.2 mM dNTPs, 0.5 M
primer, 2 U Taq and DNA template. To reduce the PCR artifact or possibility of cross
contamination and pipetting errors for each primer, a reaction master mixture (Table 5.2)
of all the reagents except the genomic DNA was used and then aliquoted. The
manipulation of RAPD reaction was done on ice.

Table 5.2 Composition of the PCR reaction mixture for 25 l reaction volume
Components

Stock concentration

Final concentration

Volume per reaction

PCR buffer

10 mM

1mM

2.5

MgCl2

25 mM

4 mM

4

Taq polymerase

5 U/ l

2U

0.4

dNTPs

2 mM

0.2 mM

2.5

Primer

20 M

0.5 M

1

Water

12.6

DNA

50-200 ng

2

The best concentration of MgCl2 was selected based on the number, sharpness and the
intensity of bands. Different annealing temperatures (30°C, 37°C, and 40°C) and
alternations of the program were made until best amplification and polymorphism were
obtained. The following program was used on a Gene Ampli PCR systems 9 700
thermocycler (Applied biosystems, USA): An initial pre-denaturation step at 94°C for

- 56 -

120 seconds, followed by 30 cycles denaturation (94°C for 15 seconds), annealing (40°C
for 30 seconds) and extension (72°C for 80 seconds) with final extension (72°C for 420
seconds). After completion of the amplification cycles, the reactions were held at 4°C
until the products were used. The reaction was repeated at least once to ensure
reproducible banding patterns.

5.2.6 Agarose gel electrophoresis
The first step in agarose gel electrophoresis was to combine 12.5 l of PCR products
with 3 l of loading buffer (30 % glycerol and 0.25 % bromophenol blue). The
amplification products were separated on 2 % (w/v) agarose gel submerged in 1×TAE
buffer (100 mM Tris-acetic acid and 0.5 M EDTA, pH 8). Ethidium bromide (10 mg/ml)
was added to the gel for visualisation of DNA bands. A 1kb mass ruler DNA ladder was
used to estimate the size of RAPD bands. Electrophoresis was conducted at a voltage of
90 V for 40 minutes. A photograph of the gel was taken with a Polaroid camera under
Ultraviolet (UV) light on an UV transilluminator.

5.2.7 Data Analysis
The polymorphism was analysed using RAPD bands. The reproducible, polymorphic and
monomorphic bands were visually scored as present (1) or absent (0). Faint reproducible
RAPD bands were also scored as present. The total number of bands per line for each
primer was recorded and the percentages of polymorphic band were determined and
entered.
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5.3 RESULTS
5.3.1 DNA yield and quality
Enough DNA (800-1 400 ng) was extracted using CTAB method of genomic DNA
isolation from ten V. galamensis lines (see Figure 5.1). The gel photograph shows some
RNA contamination at bottom of DNA lanes with some small fragments of degraded
DNA in the form of smears.

DNA

RNA
Figure 5.1: DNA isolated with the CTAB method of DNA isolation from ten selected
Vernonia galamensis lines ran on a 1 % agarose gel electrophoresis. Lanes: 1:
Vge-5; 2: Vge-9; 3: Vge-14; 4: Vge-16; 5: Vge-1; 6: Vge-20; 7: Vge-23; 8:
Vge-27; 9: Vge-32; 10: Vge-36.

5.3.2 Optimisation of RAPD conditions for amplification
A total of 13 random primers were initially screened for amplification of DNA from V.
galamensis. Individual DNA samples isolated from lines were subjected to a set of 13
primers, resulting in a total of 130 reactions, and 10 l of the PCR products ran on a 2 %
agarose gel. The effect of MgCl2, type and amount of Taq polymerase, and annealing
temperature were also examined in the process. Amplifications were obtained using 2 U
of recombinant Taq DNA polymerase. The nucleotide primers amplified at 37 °C
annealing temperature. From the 13 primers screened, only three, OPA 10, OPA 11 and
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OPA 12, produced RAPD amplification products with line 4 (Vge-16) (Figure 5.2). OPA
10 produced three bright and clear bands compared to all other primers. OPA 11
produced one bright band, while OPA 12 produced faint single. OPA 10 was then
selected as the best primer for amplification across all the 10 DNA samples (Figure 5.3).

Figure 5.2: RAPD assays conducted with the DNA isolated from line 4 (Vge-16) by
CTAB method representing 13 screened primers OPA 2 – 14 with lane 1
showing the mass ruler (marker).

Only three DNA samples did not amplify (Lines 7, 8 and 9) with OPA 10 whereas the
remaining seven DNA samples were amplified. A total of 22 RAPD bands were produced
by OPA 10 across all the ten selected vernonia lines including faint with 3.14 bands per
line averaged across the ten lines. The DNA sample isolated from Vge-16 produced three
bright and two faint RAPD bands totaling five, whereas Vge-5, Vge-9, Vge-1, Vge-20
and Vge-36 produced one faint upper band and two brighter bands at the bottom. On the
other hand Vge-14 produced a total of three bands with the middle one fainted unlike the
latter lines.
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Figure 5.3: RAPD assays conducted with the DNA samples isolated from ten selected
vernonia lines by CTAB method of genomic DNA isolation, where M
represents the molecular mass ruler. Lanes: 1: Vge-5; 2: Vge-9; 3: Vge-14; 4:
Vge-16; 5: Vge-1; 6: Vge-20; 7: Vge-23; 8: Vge-27; 9: Vge-32; 10: Vge-36.

5.4 DISCUSSON
The modified CTAB method of DNA isolation was able to extract or isolate enough
DNA that can be involved in the RAPD analysis and this was supported by Aras et al.
(2003) as they reported this method as the best for high quality DNA for PCR reactions
compared to other methods of DNA isolation from dry plant material. This study showed
that there is little genetic variation among ten selected vernonia lines, as shown by four
genetically varying groups from ten selected lines. OPA 10 revealed polymorphism for
only one line (Vge-16) while others displayed non-polymorphism. The results therefore
suggest that there is polymorphism among these lines by RAPD analysis. Most of the
lines tested produced equal number of bands on average but the bands are of different
brightness, which might be due to the DNA quality, meaning that the CTAB method of
DNA extraction does not yield DNA samples of the same quality. The majority of lines
would therefore display slightly the same characteristics or behaviours. Baye (2004)
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reported the overall genetic diversity index for all traits of 0.76 using Shannon-Weaver
Diversity Index (H′), which means that there is high genetic diversity among different
vernonia accessions. It was further reported that the majority of the genetic diversity, 89
and 95 %, was observed within the region of origin and altitudinal group, respectively.
The lack of high polymorphism in the present study might have been as a result of
methods and selection of primers employed in determining the genetic diversity for this
crop. For instance, method of DNA isolation i.e. CTAB, even though it proved that it was
good for other crops, might have not been the best method for vernonia DNA isolation.
Other contributing factors could be the handling and storing of DNA samples as well as
PCR products according to Terzia et al. (2005). The set of primers used in this study
might have also been inappropriate for amplifying DNA isolated from V. galamensis.

5.5 CONCLUSIONS
This analysis showed that there is less genetic diversity in Vernonia galamensis lines as
shown by the resulting four different groupings from ten selected lines. This suggests that
for a given number of vernonia lines tested for polymorphism about 40 % would result in
polymorphism or genetic variations. The DNA isolated by the CTAB method could still
be exploited for further manipulations by much improved or modified RAPD analysis.
This study shows that among the primers tested only one gave a satisfactory
amplification product. However, these primers could not satisfactorily differentiate
between the different lines. The vernonia lines used in this study might been genetically
close that the RAPD was not a suitable technique to find polymorphism.
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6. SUMMARY OF THE STUDY
The results from the morphological diversity analysis showed considerable variations
among the studied traits. This is a positive indication to explore the crop for
improvements and also to select the best line for a given agro-ecological zone. Four
promising lines were selected viz. Vge-16, Vge-20, Vge-27 and Vge-32 using
morphological, seed oil content and RAPD markers. However, vernonia seeds displayed
less diversity in seed oil content and various fatty acid profiles. Most of this characters
showed that their degree of relatedness were insignificant at P < 0.01 except for vernolic
acid and palmitic acid. The higher percentage composition of vernolic acid makes this
crop even more adoptable to the this region because small farmers and commercial
industries can be able to produce more earnings by taking advantage of the growing
demand of renewable resource as the reliance on fossil fuel is declining due to its
negative impact on the environment. Results from RAPD analysis showed that there is
less genetic diversity among the selected ten vernonia lines. The results from the
morphological, the seed composition and the RAPD analyses suggest that there is enough
genetic diversity among different Vernonia galamensis lines that can be exploited in
marker assisted selection for production of well adapted lines or accessions.
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7. FUTURE RESEARCH
There is a need for further research to evaluate morphological variation in Vernonia
galamensis across different locations in Limpopo province, extending to other parts or
provinces of South Africa. Varying cultural practices should also be assessed in the
evaluation of this crop in order to come up with a better practice which is cost effective
and environment friendly. This is because only one location was considered in the present
study and Limpopo province is characterised by varying climatic conditions ranging from
dry lands to wet lands and therefore evaluation of this crop from one location would not
be sufficient to conclude about the its adaptability in this province. In-depth genetic
diversity analysis should be done to find out about the genetic variation in different
vernonia lines and accessions, and also to develop DNA markers for this crop. These can
be accomplished by employing more complex molecular DNA techniques such as ALFP
and SSR primers. Working conditions should also be well chosen so that more reliable
genetic information is made available for better manipulation of Vernonia galamensis as
these will lead to improved selection process, which is the first step in every breeding
programme.
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9. APPENDICES
APPENDIX 9.1 Analysis of variance for seed yield per plant in grams from ten
selected vernonia lines

a

Source of

Degrees of

Sum of

variation

freedom

squares

Mean square

F-Valuea

Pr > F

Line

9

394.546

43.838

35.22**

<.0001

Rep

2

23.137

11.569

9.30**

0.0017

Error

18

22.402

1.245

Total

29

440.086

** = significant at p<0.01.

APPENDIX 9.2 Analysis of variance for days to 50 % flowering from ten selected
vernonia lines

a

Source of

Degrees of

Sum of

variation

freedom

squares

Mean square

F-Valuea

Pr > F

Line

9

4785.867

531.763

59.92**

<.0001

Rep

2

160.267

80.133

9.03**

0.0019

Error

18

159.733

8.874

Total

29

5105.867

** = significant at p<0.01.
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APPENDIX 9.3 Analysis of variance for plant height in centimeters from ten
selected vernonia lines
Source of

Degrees of

Sum of

variation

freedom

squares

Mean square

F-Valuea

Pr > F

Line

9

1846.141

205.127

35.97**

<.0001

Rep

2

45.011

22.505

3.95*

0.0379

Error

18

102.649

5.703

Total

29

1993.801

a

** = significant at p<0.01; * = significant at p<0.05.

APPENDIX 9.4 Analysis of variance for number primary heads from ten selected
vernonia lines

a

Mean squares

F-Valuea

Pr > F

3290.133

365.570

40.11**

<.0001

2

80.600

40.300

4.42*

0.0274

Error

18

164.067

Total

29

3534.800

Source of

Degrees of

Sum of

variation

freedom

squares

Line

9

Rep

** = significant at p<0.01; * = significant at p<0.05.
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APPENDIX 9.5 Analysis of variance for number secondary heads from ten selected
vernonia lines

a

Source of

Degrees of

Sum of

variation

freedom

squares

Mean square

F- Valuea

Pr > F

Line

9

860.300

95.589

12.52**

<.0001

Rep

2

83.267

41.633

5.45**

0.0141

Error

18

137.400

7.633

Total

29

1080.967

** = significant at p<0.01

APPENDIX 9.6 Analysis of variance for 200-seed weight in grams from ten selected
vernonia lines

a

Source of

Degrees of Sum of

variation

freedom

Mean square

F-Valuea

Pr > F

squares

Line

9

8.325

0.925

107.95**

<.0001

Rep

2

0.228

0.114

13.29**

0.0003

Error

18

0.154

0.009

Total

29

8.707

** = significant at p<0.01
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APPENDIX 9.7 Analysis of variance for seed yield in kilograms per hectare from
ten selected vernonia lines

a

Source of

Degrees of

Sum of

variation

freedom

squares

Mean square

F-Valuea

Pr > F

Line

9

304433.961

33825.996

35.22**

<.0001

Rep

2

17852.860

8926.430

9.30**

0.0017

Error

18

17285.823

960.324

Total

29

339572.645

** = significant at p<0.01

APPENDIX 9.8 The analysis of variance table for seed oil content from ten selected
vernonia lines

Source of

Degrees of

Sum of

variation

freedom

squares

Mean squares

F- Valuea

Pr > F

Line

9

154.643

17.183

1.43 ns

0.3016

Rep

1

2.361

2.360

0.20 ns

0.6682

Error

9

108.203

12.023

Total

19

265.206

a

ns = non significant
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APPENDIX 9.9 The analysis of variance for vernolic acid from ten selected
vernonia lines
Source of

Degrees of

Sum of

variation

freedom

squares

Mean squares

F- Valuea

Pr > F

Line

9

20.750

2.306

1.76 ns

0.2066

Rep

1

4.920

4.920

3.75 ns

0.0847

Error

9

11.800

1.311

Total

19

37.471

a

ns = non significant

APPENDIX 9.10 The analysis of variance for linoleic acid from ten selected
vernonia lines
Source of

Degrees of

Sum of

variation

freedom

squares

Mean squares

F- Valuea

Pr > F

Line

9

2.087

0.232

0.58 ns

0.7889

Rep

1

0.013

0.013

0.03ns

0.8615

Error

9

3.631

0.403

Total

19

5.731

a

ns = non significant
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APPENDIX 9.11 The analysis of variance for oleic acid from ten selected vernonia
lines
Source of

Degrees of

Sum of

variation

freedom

squares

Mean squares

F- Valuea

Pr > F

Line

9

4.113

0.457

8.25*

0.0060

Rep

1

0.606

0.606

6.22*

0.0184

Error

9

0.660

0.073

Total

19

5.379

a

* = significant at p<0.05

APPENDIX 9.12 The analysis of variance for palmitic acid from ten selected
vernonia lines
Source of

Degrees of

Sum of

variation

freedom

squares

Mean squares

F- Valuea

Pr > F

Line

9

0.495

0.055

7.37**

0.0033

Rep

1

0.009

0.009

1.24 ns

0.2947

Error

9

0.067

0.008

Total

19

0.572

a

ns = non significant; ** = significant at p<0.05
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APPENDIX 9.13 The analysis of variance for stearic acid from ten selected vernonia
lines
Source of

Degrees of

Sum of

variation

freedom

squares

Mean squares

F- Valuea

Pr > F

Line

9

0.603

0.067

2.90 ns

0.9772

Rep

1

0.000

0.000

0.00 ns

0.0645

Error

9

0.209

0.023

Total

19

0.811

a

ns = non significant
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