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ABSTRACT

Chloroplast DNA from three Guizotia species (G. abyssinica, G.
scabra ssp. scabra and G. scabra ssp. schimperi) were isolated
using sucrose gradient centrifugation method and Dynabeads DNA
DIRECT™ System I. Each of the DNA extracted by sucrose
gradient method was separetely digested with BamHI, EcoRI and
HindIII restriction endonuclease enzymes, recognizing 6 base

pairs at 37°C for 4hr. The digestion products were then

loaded on 0.8% agarose gel and electrophoresed at 30-50 volts
for 3-4 hours. After visuélizing with 0.5pg/ml of ethidium
bromide solution and photographed using polaroid films, the
fragment bands were compared. In addition, the DNAs extracted
by Dynabeads DNA DIRECT™ System I method were used for PCR
amplification of chloroplast DNA non-coding region (trnL (UAA)
intron) using Primer C and D of Taberlet et al. (1991). The
amplified chloroplast DNA non-coding..region. was digested with
Sau3Al restriction endonuclease enzyme recognizing 4 base

pairs at 37°C for 2 hr. and electrophoresed in 2% agarose gel

at 100 volts for 2 hr. After being visualized with 0.5pg/ml
ethidium bromide solution and photographed using polaroid
films, the fragment bands were compared. In both cases,
detectable variation was not observed among the Guizotia
species compared, indicating that these species are either
closely related and recently diversified or their chloroplast
DNAs are evolving at a relatively slower rates in comparison

to the rates of cpDNA evolution in other angiosperm species.
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1. Introduction

1. 1. Taxonomy of the genus Guizotia

‘The genus belongs to the family Compositae, tribe Heliantheae, subtribe Corepsidinae,
The taxonomy of the genus was revised by baagoe (1974) and it comprises three annual
and four perennial species/subspecies . The annual species are G. abyssinica (L. f.)
CASS., G. scabra (V. S.) CHIOV. ssp. schimperi (SCH. BIP.) Baagoe, and G. villosa
SCH. BIP. in WALP, while the perennial species include G. scabra (VIS.) CHIOV.
ssp. scabra, G. arborescens 1. FRIS, G. zavattari LANZA in CHIOV, and G. reptans
HUTCH (Baagoe, 1974). According to Kifle Dagne (1994) there are more Guizotia

taxa/accessions than recognized so far (e. g. Ketcha and Chelelu populations).

Baagoe (1974) grouped G. scabra and G. schimperi as subspecies of G. scabra, and

described them as G. scabra (VIS.) CHIOV. ssp. schimperi SCH. BIP. in WALP Baag.
and G, scabra (VIS.) CHIOV. ssp. scabra respectively. But, on the basis of their
differences in habit, distribution, karyotype and cytology of the hybrids, the two
subspecies could have been treated as two independent species (Hiremath ef al., 1992;‘

Murthy et al., 1993; Kifle Dagne, 1994).

The result obtained from the hybridization study indice{ted that G, scabra ssp. scabra is
more similar to G. villosa than to G. scabra ssp. schimperi (Kifle Dagne, 1994). On the
other hand, G. scabra ssp. schimperi is morphologically (e.g. annual habit, ovate outer
phyllaries and lower number of florets) more similar to G. abyssinica than to G. scabra
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ssp. scabra which is characterized by it's perennial habit, stiff leaves, lanceolate outer
phyllaries, and higher number of florets (Baagoe, 1974; Kifle Dagne, 1994; Getinet and
Sharma, 1996). From the chromosome pairing data in the hybrids, Hiremath et al,
(1992) and Murthy e al. (1993) concluded that G. abyssinica and G. scabra Ssp.
schimperi are alinost equivalent in their relationships to G, scabra ssp. scabra. Murthy
et al. (1993) further suggested that G. abyssinica and G. scabra ssp. schimperi are
conspecific members of the same species for they cross easily, their F, meiosis is nearly
complete and the F, are highly fertile. Guizotia abyssinica is more crossable with G.
scabra ssp. schimperi (41%) than with both G. scabra ssp. scabra and G. villosa
(20%). On the other hand, G. scabr& ssp. schimperi is more crossable with both wild
taxa G. scabra ssp. scabra (62%) and G. villosa (46%) than to the cultivated G.
abyssinica (41%), and G. scabra ssp. scabra is more crossable with G. villosa (82%)
than with G. scabra ssp. schimperi (62%) (Kifle Dagne, 1994). In general, there is an
indication of uncertainity with the taxonomic position of G. scabra ssp. schimperi
(whether to treat it as an independent species, as member of the same species together

with G. abyssinica or remain as suspecies of G. scabra).

1. 2. Geographic distribution of the genus Guizotia

The genus Guizotia occurs mainly in the tropical Eastern Africa with the highest species
concentration in Ethiopia (Baagoe, 1974). G. abyssinica is cultivated in Ethiopia, some
other East African countries and Indian subcontinent; G. scabra ssp. scabra is widcly.
distributed in Eastern part of Africa and extends to West Africa; and G. scabra ssp.

schimperi occurs in the Ethiopian highlands and few coliections from Yemen were




suspected to be alien (Baagoe, 1974). G. villosa is endemic to the Northern part of the
Ethiopian highlands. G. arborescens is endemic in South West Ethiopia and the
Imantong Mountains on the border between Uganda and Sudan. G. zavattarii is
endemic around Mount Mega in southern Ethiopia and the Huri Hills in northern
Kenya. G. reptans has been known from Kenya and Uganda. In'general, All Guizofia
taxa are found in Ethiopia with the exception of G. reprans, indicating that this genus.
probably has originated or genetically diversified in this country (Baagoe, 1974; Kifle
Dagne, 1994).

1. 3. Economic importance of the genus Guizotia

The genus Guizotia is of economic valve since it contains G. abyssinica (noug) (niger)
which is an edible oil seed crop cultivated predominantly in Ethiopia and India
(Hiremath and Murthy, 1988; Getinet and Sharma, 1996). The domestication of G.
abyssinica (niger) was assumed to begin in Northern Ethiopia as early as 3000 B. C and
the crop probably was introduced: into ‘India through trade routes (Hiremath and‘

Murthy, 1988).

Niger is a cool season crop (Abebe ef al., 1978) with a very low yield of 200-400
kg/ha, on farmers fields and 1000-1500 kg/ha. under experimental conditions (Riley
and Belayneh, 1989). This low yield is probably due to preharvest seed loss resulted
from uneven ripening of heads on individua! plants and the whole field (Seegeler,
1983). More over, the self incompatibility of the species hinders the development of

inbred lines to produce synthetic varieties that yield more (Riley and Belayneh, 1989).




Niger seeds contain 30-50% oil (Seegeler, 1983), and it provides -about 50-60% of
edible oil in Ethiopia and accounts for 2% of the total oil seed production in India
(Riley and Belayneh, 1989). Studies indicate that there is significant difference between
G. abyssinica and the wild species in their seed oil content, being 42-44% in the former
and 21-33% in the later, indicating that domestication has accounted for increased oil
content of G. abyssinica (Kifle Dagne). On the other hand, strong similarity was
observed in terms of fatty acid composition of Guizotia taxa/accesions (Kifle Dagne,

1994).

Niger oil is mainly used for cooking purposes, and also used in the manufacture of
soap, paints, and as illuminant or lubricant (Vaughan, 1970). In addition, the press cake
which contains 24-30% protein is used as animal feed, manure or fuel (Riley and

Belayneh, 1989).

From fatty acid composition point of view, the oil of wild Guizotia seems safe for
human consumption. But, for the wild Guizotia taxa have low seed oil content and have -
no new oil quality in terms of fatty acid composotion, other than what is contained in.
the G. abyssinica, the utilization of the wild Guizotia taxa as sources of oil is not

feasible at present (Kifle Dagne, 1994).
1. 4. Cytology and karyotype of the genus Guizotia

Cytological studies showed that all Guizotia taxa have 2n= 30, indicating that




speciation within the genus did not involve changes in the chromosome number
(Hiremath and Murthy, 1992; Kifle Dagne, 1994). This similarity of chromosome
number among Guizotia taxa/accessions mﬁkes it difficult to determine the basic
chromosome number of the genus, which still remains unknown (Murhty et al., 1993;
Kifle Dagne, 1994). On the basis of centromeric position and number of satellite
chromosomes, G. abyssinica and G. scabra ssp. schimperi could be placed together for
they resemble each other by having predominantly median type centromeric position
and eight satellite chromosomes, whereas G. scabra ssp. scabra is more related to G.
villosa, whose chromosomes are predominantly submedian and subterminal types and

have four satellite chromosomes (K}ﬂe Dagne, 1974).

1. 5. Evolutionary trends and phylogenetic relationships

within the genus Guizotia

According to Baagoe (1974), the study on evolutionary trends and phylogenetic
relationships within the genus Guizotia indicate that G. scabra ssp. scabra has the
highest correlation of primitive characters (e.g. caudex perennial habit, leaves sessile,
leaves isophyllous, heads solitary and florets numerous), and G. reptans and G.
arborescens have the highest correlation of advanced characters (e.g. annual habit,
leaves petiolate, leaves anisophylous, synflorescences and florets few), while the other

species are approximately intermidiate.

As of the phylogenetic relationships within the genus Guizotia, Baagoe (1974) proposed




that G. abyssinica (niger) was derived from G. scabra ssp. schimperi and acquired it's
specific characters through selection under cultivation. From the results of hybridization
study, the chromosomes of G. abyssinica and G. scabra ssp. schimperi were found to
be basically similar, and this supports the assumption that G. abyssinica was originated
from G. scabra ssp. schimperi through selection and further cultivation of large achene
mutant (Murthy ef al., 1993). Baagoe (1974) also suggested that G. villosa was
probably derived from G. scabra (ssp. not specified), and Hiremath et al. (1992)
speculated that G. scabra ssp. schimperi was a possible progenitor of G. villosa. But,
on the basis of karyotype and chromosome pairing in hybrids, G. villosa shows more
affinity to G. scabra ssp. scabra théﬁ to G. scabra ssp. schimperi (Kifle Dagne, 1994)
and this is in line with the sugestion of Baagoe (1974) that G.villosa was possibly

derived from G. scabra ssp. scabra or from an unknown ancestor like this taxon.

Strictly speaking, the phylogenetic relationships as well as the taxonomic positions of
some Guizotia species have not been resolved. For example, the need to reconsider the
taxonomic status of G. scabra ssp. scabra and G. scabra ssp. schimperi as subspecies,
the possibility of other forms of Guizotia (e. g. Chelelu population) to be a possible
progenitor of G. abyssi’hica, and the question of considering G. scabra ssp. scabra or

G. scabra ssp. schimperi as a progenitor of G. villosa have not been yet resolved.




Kifle Dagne (1994) summarized the genomic relationships and phylogenetic affinities
within the genus Guizotia on the basis of karyotype and crossability, But, to construct a
final phylogeny of all taxa/accessions of the genus Guizotia, additional data from
morphological, anatomical, biochemical and molecular studies are needed (Kifle Dagne,
1994). Molecular techniques could provide solution to the phylogenetic problems of the
species of Guizotia such as investigation of the proginator of G. abyssinica (Getinet and
Sharma, 1996). One of the data obtained from molecular genetic analysis is generated
by restriction fragment length polymorphisms (RFLPs) through the use of type two
restriction endonucleases to fragment DNA molecules at specific recognition sites’

(Clegg et al., 1984).

Restriction fragment length polymorphisms (RFLPs) of the entire cpDNA and cpDNA
non-coding regions are often used to describe phylogenetic relationships between related
genera and species and the method has been applied to many taxa (e.g. Palmer ef al.,
1985; Sytsma and Gottlieb, 1986). In case of the genus Guizotia, inspite of its economic
importance and limited species number, data from molecuiar studies are not well
documente_d and in particular restriction fragment length polymorphisms of chloroplast
DNA have not been worked out, Thus, the present study was conducted with the

following objectives in mind.




General objectives

To document molecular information of taxonomic and phylogenetic importance for the
genus Guizotia Cass.

To enrich information on the role of chloroplast DNA to resolve interspecific
phylogenetic questions.

Specific objectives

To determine the patterns of chNA restriction fragment length polymorphisms for G.
abyssinica and the two subspecies of G. scabra using three restriction endonuclease
enzymes (BamHI, EcoRI and HindIII).

To investigate the comparative rate" of differentiation among these species using the
present data and previously studied characters.

To make phylogenetic and taxonomic inferences using the result obtained in this study

in relation with previously studied morphological and cytological data.




2.  Literature Review
2. 1. Molecular techniques

The study of systematic relationships and phylogenies among plant taxa traditionally has
depended on comparative analysis of phenotypic characters. Problems can potentially
arise when these phenotypes are utilized to infer phylogenetic taxonomies, and these
problems stem from apparent plasticity of many characters and our lack of knowledge:
of the genetic bases or developmental pathways responsible for the plasticity of
characters (Sytsma and Schaal, 1985). In contrast, recombinant DNA technology is
providing evolutionary biologists with another tool for making phylogenetic inference
through contrasts of molecular genetic analysis (Templeton, 1983). Phylogenetic
analysis of plants at the molecular level is increasingly providing detailed and often
unexpected evidence of species relationships (Sytsma and Gottlieb, 1986). Molecular
genetic analysis is providing two types of data. The first class of data derives from
comparative analysis of complete DNA sequences (Aqudro and Greenberg, 1983;
Zurawski ef al., 1984), The second class of data comes from restriction fragment length
polymorphism (RFLP) through the use of type two restriction endonucleases to
fragment DNA molecul_e; at specific recognition. sites (Clegg #f al., 1984). The power
of these molecular techniques for systematic and evolutionary studies lies in their direct
analysis of the genotype rather than of drived phenotypes and in their ability to detect
numerous mutation events that can be used to infer phylogenies (Sytsma and Schaal,

1985).




2. 1.1 Sequences of homologous DNA segments

Definitive studies of genetic variation can only be made at the primary sequence level in
regions of known genetic function (Holwerda et al., 1986). DNA sequences contain
useful information about evolutionary history (Palmer et al., 1988; Fangan et al.,
1994). The main limitations for a more extensive use of DNA sequence data until the
mid of the past decade was its high cost and time consuming method (Clegg, 1993).
But, the situation changed in the mid 1980s when the polymerase chain reaction (PCR)
method appeared. The appearance of the polymerase chain reaction (PCR) (Saiki ef al.,
1988) has been a major step forward in making a rapid path from plant tissue to DNA
sequencing. PCR, coupled with the direct dideoxynucleotide sequencing of amplified
products has suddenly produced a great wealth of sequence data (Clegg, 1993). Two

methods are avialable for DNA sequencing : the chemical degradation method of

Maxam and Gilbert (1977), and dideoxy chain. termination method of Sanger et al. -

(1977). DNA sequencing by the Sanger dideoxy chain termination method has
undergone significant refinement in recent years, including the development of
additional enzymes (Tabor and Richardson, 1987), an instrument for partial automation
of DNA sequénce aﬁaiysis (Smith et al., 1986). The basic procedure of DNA
sequencing by Sanger dideoxy chain termination method involves: hybridization of an
oligonucleotide primer to a suitable single or deﬁatured double stranded DNA template,‘
extention of the primer with DNA polymerase in four separate reaction mixtures (each
containing one alpha- labeled ANTP, a mixture of unlabeled dNTPs and one chain
terminating ddNTP), resolution of the four sets of reaction products on a high reaction

polyacrylamide/urea gel, production of an autoradiographic image of the gel, which can
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be examined to infer the DNA squence (Innis ef al., 1988).
2. 1.2, Restriction fragment length Polymorphisms (RFLPs)

Several studies have demonstrated variability in DNA fragments after digestion by one
or more sequence specific restriction enzymes (Beckmann and Soller, 1986). The
demonstration of RFLP involves extraction and purification of DNA from an individual
and digestion of the DNA with a restriction endonuclease to form a mixture of
restriction fragments, differing in length according to the specific distribution of
cleavage sites along the DNA molecules that can be separated by gel electophoresis
(Engels, 1981). A major advantage-of ‘this technique is that' it can be used for any

segment of the genome, regardless of whether it codes for a soluble protein.

The main properties that make RFLP a convenient genetic marker, useful at all levels of ‘
biological organizations, are its detectability in all tissues at all ages, thus enabling eatly
detection, long shelf life of the DNA samples, its being informative about the nature of
the variation, virtually unlimited number of probe and enzyme combinations available,

and probes not being restricted to coding sequences (Beckman and Soller, 1986).
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2.1.3. Application of molecular techniques

Molecular markers reveal variability at the primary DNA sequences of both coding and
non-coding regions of the genome, which is the most basic material to address issues of
evolutionary descent {Crawford, et al., 1990; Engels, 1981; Song et al., 1988; Sytsma
and Schaal, 1985). Isozyme markers have proved useful to this end, however, they are
restricted to a limited number of coding regions of the genome and they can detect only.
those mutations that can cause changes in protein mobility (Aldrich and Doebley,
1992). Estimates of over all levels of genetic diversity may be more reliable when
measured with molecular markers such as restriction site analysis than by isozymes,
because of the greater number of loci avilable and the ability to survey both coding and
non-coding regions of the genome (Doebley and Wendel, 1989 cited in Aldrich and
Doebley, 1992). In addition, RFLP markers are potential land marks for the physical
mapping of chromosomal regions that can not be further resolved by the classical

genetic methods (Graner ef al., 1990).

Molecular markers are also valuable tool for studying the evolution of crops and their-
wild relatives. Wild reléﬁves of crop plants have often been considered to be important
sources of genes of special interest in plant_ breeding programs. Thus, comparative
molecular assessments are necessary in order to obtain knowledge concerning genetic

variability in crop and their wild relatives (Saghi-Maroof ef al., 1995).

Genetic variability data from molecular markers at the interspecific, intraspecific and

intrapopulation levels are used in understanding evolutionary mechanisms for the
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development of plant and animal breeding programs and conservation programs aimed
at conserving the gene pools of endangered species (Banks and Birky, 1985). For all
these purposes it is important to know the variability of genes in mitochondria,
chloroplasts as well as in of the nucleus. The application of molecular markers such as
RFLPs to the phylogenetic problems in plants has been almost exclusively confined to
the relatively small genome of chloroplasts (Bowman et al., 1983; Clegg ef al., 1984,
Gordon et al., 1982; Palmer and Zamir, 1982, Palmer ef al., 1983). More over,
analysis of organelle genome such as chloroplast DNA (cpDNA) has several advantages
over the analysis of nuclear genes and their products, because the former is less prone
to DNA alterations through mutatidi;s, recombinations and introgression (Bowman ef
al., 1983). In addition, nuclear DNA is larger than organellar DNA by many orders of
magnitude and its restriction analysis is almost impossible without cloned probes that
can isolate specific DNA segment (Sytsma and Schaal, 1985). The mitochondrial DNA
(mtDNA) of plants is also both more difficult to isolate and more complex than is DNA

from chloroplasts (Stern and Lonsdale, 1982; Stern and Palmer, 1984).

2. 2. Chloroplasts and chloropplast DNAs

Chloroplasts are plant cellular organelles having an important role in photosynthesis.
The endosymbiont hypothesis postulates that modern chloroplasts are descendants of
endosymbiotic prokaryotes, particularly cyanobacteria which have entered eukaryoticA

cells during evolution (Bonen ef al., 1975).
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Chloroplasts contain their own autonomously replicating DNA. The majority of the
proteins present in the chloroplasts are encoded by nuclear DNA and imported post
translationally into the chloroplast, But, the rest of the proteins in the chloroplasts are
encoded by (cpDNA) and synthesized by the chloroplast transcription-translation
machinery (Gantt, 1991; Sugiura, 1992). The translation process within a chloroplast is.
mediated by its own ribosomes of the 70 S type, which are different from the 80 S

ribosomes of the cytoplasm (Schwarz and Kossel, 1979).

One important feature of organelle genes is that they are often inherited from the female
parent. This is often caused by the .ﬁaternal gametes transmitting few or no organelle
genomes to the egg, which is a large cell with many copies of each organelle gene
(Birky et al., 1983), or by the action of DNA modification enzymes leading to
methylation of the maternal DNA and destruction of the homologous paternal DNA

(Burton et al., 1979).
2.2, 1. Structural organization of chloroplast DNA

Plant chloroplasts cont.iiin 20-200 copies of closed circular DNA molecules ranging
from 120-180 kbp, which are organized into a large (78-100 kbp) single copy region
and a small (12-30 kbp) single copy region, separated by two sequences (20-24 kbp)
arranged in an inverted orientations (Close et al., 1989; Kolodner and Tewari, 1979;
Morton and Clegg, 1993; Palmer and Thompson, 1981). The arrangement of the
genome is conserved throughout of the angiosperms with the exception of several

species of the Viceae tribe of the legume family in which the inverted repeat is lacking
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(Bonnard et al., 1985; Palmer and Thompson, 1981, 1982).

2.2.2. Evolution of chloroplast DNA

In higher plants (angiosperms) the chloroplast genomes appear to be very stable in
evolutionary terms (Coates and Cullis, 1987). Studies suggest that the inverted repeats
evolve more slowly than the unique sequence regions and different portions of the large
unique sequence region have dissimilar rates of sequence evolution (Ogihara and
Tsunewaki, 1988; Tassopulu and Kung, 1984). The low frequency of structural changes‘
in angiosperm chloroplast genomes is complemented by a conservative rate of sequence
evolution. By some estimates, the synonymous substitution rate is 0.1% per million
years (Zurawski ef al., 1984). An important contributing factor to this conservation
arises from the DNA sequences coding for the chloroplast ribosomal RNA (cprRNA),
which are highly conserved in evolutioir (Duvall:and Doebley, 1990).  Although it is
accepted that evolution of ¢pDNA is conservative, restriction fragment analysis and
nucleotide sequencing revealed a number of mutations of this genome (Ogihara and
Tsunewaki, 1988; Gordon et al., 1982; Zurawski and Clegg, 1987). These mutations
are structural changels such as ‘inversions, rearrangements of gene order, and
insertions/deletions as well as base substitutions. Most of the cpDNA variation is due to
nucleotide substitutions or small deletions and additions of 1-10 bp in the non-coding

regions (Palmer 1987; Zurawski et al., 1984).
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2. 2.3, Chloroplast DNA as a marker molecule

The high sequence conservation combined with the cytoplasmic inheritance of
chloroplast DNA makes the molecular analysis of cpDNA a particularly useful tool for
understanding evolutionary relationships between closely related species (Curtis and
Clegg, 1984). The popularity of cpDNA as marker molecule is based on generalizations
about its structure and evolution (Palmer ef af., 1988), The chloroplast DNA is small,
with a relatively low rate of structural and sequence evolution (flow intra specific
cpDNA variation, recombination is rare or absent), and the genome is inherited
predominantly uniparentally maternal (Harris and Ingram, 1991). On the other hand,
the low evolutionary rate of this molecule seriously limits its role as a biosystematically

useful marker to the higher taxonomic level (Taberlet ef al., 1991).

Chloroplast DNA has been widely employed in phylogenetic studies at higher
taxonomic levels using both restriction fragment length polymorphism (RFLP) and
nucleotide sequence comparison of homologous DNA segments in different groups

(Palmer et al., 1988; Clegg, 1993).

2. 2. 4. Analysis of chloroplast DNA restriction fragment length

polymorphisms

The analysis of restriction fragment length polymorphisms (RFPLs) in chloroplast DNA

has been used since the early 1980s to study species relationships (Dowling et al., 1996
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cited in Yonemori et al., 1998). A number of studies have demonesrated the potential
of chloroplast DNA restriction site mutations for resolving phylogenetic relationships
among closely related species (Palmer, 1986, 1987, Wang er al., 1992). Restriction
fragment variation in the chloroplast genome may also be utilized to study a crop gene

pool (Aldrich and Doebley, 1992).

In this paper, we report the results of chloroplast DNA restriction fragment length
polymorphisms of three Guizotia species (G. abyssinica, G. scabra ssp. scabra, and G.
scabra ssp. schimperi) by restricting the entire chloroplast DNA with three restriction
endonuclease enzymes (BamHI, EcoiiI and HindIlII) recognizing six base pairs, and the
chloroplast DNA non-coding region (frnl. (UAA) intron) with one restriction

endonuclease enzyme recognizing four base pairs (Sau3Al).
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3. Materials and methods

3. 1. Plant materials

A total of 9 accessions representing three species of the genus Guizotia, were
investigated in the present study (Table 1). Seeds of the wild species (G. scabra ssp.
scabra and G, scabra ssp. schimperi) were collected from the field. The seed samples
of cultivated species (G.. abyssinica) were kindly provided by Dr. Sileshi Nemomsa
(Department of Biology Science Faculty Addis Ababa University). The natural sites.
from where the seed samples of G. abyssinica used in this study were collected are
recorded. Representative seeds of each accession were grown under green house
conditions at Science Faculty, Addis Ababa University. Leaves were harvested from 5-
6 weeks old young plants of each accession and used for extraction of chloroplast DNA

{cpDNA).
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Table 1.  Localities of Guizotia species and accessions used as

sources of chloroplast DNAs in the present study.

Species name Acc.no. | Place of collection -
G. abyssinica 1 Region 1, Ma'ikelawi Admimistrative Zone
(Lay Maychew, Aksum).
2 Region 4, West Shoa Administrative Zone
(Addis Alem, Kimoye).
3 Region 4, North Shoa Administrative Zone
‘| (Jira Jarso Fiche).
G. scabra ssp. scabra 1 Region 4, Jimma Administrative Zone (9 km.
cast of Jimma town on A/A road).
2 Region 4, East Wellega Administrative Zone
(7 km. south west of Arjo town on Bedele
road).
3 Region 4, East Wellega Administrative Zone
(20 km. west of Bako town on Nekemte road).
G. scabra ssp. 1 Region 4, Jimma Administrative Zone (5 km.
schimperi west of Jimma town on Bedele road).
2 Region 4, East Wellega Administrative zone
(12 km. north of Arjo town on Nekemte road).
Region 4, West Shoa administrative Zone (12
3 km. west of ljaji town on Bako road).
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3. 2, Extraction of chloroplasts and chloroplast DNAs

3.2, 1. Isolation df chloroplasts

Chloroplasts were isolated from fresh leaves of all accessions of Guizotia species
consigdered in this study by sucrose gradient centrifugation method of Palmer (1986).
Prior to extraction, plants were kept in the dark for 1-4 days to reduce chloroplast-
starch levels. Young, healthy, destarched leaves were washed in distilled water and cut
into small pieces. To every- 25 grams of cut leaves, about 100 ml of ice-cold extraction
buffer containing 0.35M sorbitol, 50 mM Tris-HCI pH 8.0, 5 mM EDTA, 0.1% (w/v)
BSA, and 0.1% (v/v) 2—mercaptoethanol was added (2-mercaptoethanol was added
immediately prior to use). The leaf and buffer mixture was homogenized in a prechilled
0.2 litre waring blender for 5 sec. brusts at high speed. The homogenate was filtered
through four layers of cheese cloth (with squeezing) and then through two layers of
ml_ra cloth (without squeezing) and centrifuged at 5000 rpm at 4°C for 15 minutes to
pellet the chioroplasts. The chloroplast pellet was resuspended in 8 ml washing buffer
containing 0.35 M sorbitol, 50 mM Tris-HCI pH 8.0 and 25 mM EDTA. The
resuspended chloroplas_t pellet was loaded onto a step gradient consisting of 10 ml of
60% sucrose in 50 mM Tris-HC1 pH 8.0 and 25 mM EDTA, and over layered with Sml
of 30% sucrose in 50 mM Tris-HCI pH 8.0 and 25 mM EDTA. The sucrose step
gradient containing the cﬁloroplast suspension was then placed in SW-(Beckman)
ultracentrifuge and centrifuged at 26,000 rpm at 4°C for 45 minutes. The chloroplast
band at 30-60% sucrose interface was removed with a micropipette and diluted with 3-

10 volumes of washing buffer. The chloroplasts were then pelleted by centrifugation at
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5000 rpm for 15 minutes at 4°C. Depending on its size, the chloroplast pellet was
resuspended in a washing buffer to a final volume of 2 or 15 ml. 0.5 pl of chloroplast
suspar_lsion was transferred to each of several eppendorf tubes and 1/5 volume of lysis
buffey (2% Sodium Lauryl Sarcosinate solution or 5% triton x-100 in 50 mM Tris-HCl
pH 8.0 and 25 mM EDTA) was gently added and mixed by slowly inverting the tube
several times over a period of 10-15 minutes, and 0.1 volume of a 10 mg/ml proteinase
k éotﬁtion was added and incubated overnight at 25°C to digest the protein content of

the syspension.
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3.2.2. Chloroplast DNA isolation from lysed chloroplasts

The chloroplast DNA was isplated from lysed chloroplasts according to phenol/chloroform
extracﬁon method of Zimmer and Newton (1982) cited in Doebley et al. (1987). Equal
volume of phenol/chloroform (1:1) was added to each eppendorf tube containing lysed
chloroplasts and gently mixed for 10 minutes or vortexed for few seconds and centrifuged
at 7500 rpm at 4°C for 10 minutes. The supernatant (phenol phase) was transferred to a
new eppendorf tube (1.5 ml), washed and centrifuged at 7500 rpm for 10 minutes at 4°C
twice with equal volume of ¢hloroform/isoamyl alcohol (24:1) taking the upper phase each

time ta remove the phenol. -

The final supernatant (upper phase) was transferred to a new eppendorf tube (1.5 ml), and
mixed ;A/ith 2/3 volume of icn_:-cold 99% ethanol and 30 pl NaAc and placed overnight at -
20°C to allow DNA (cpDNA) precipitation. The chloroplast DNA was then pelleted by
cenirifugation at 7500J rpm for 15 mimites at 4°C. Ethanol was removed (poured off) and
the cpDNA pellet was washed with 70% ethanol and repelleted through centrifugation for
10 minutes at 7500 rpm at 4}°C. The chioroplast DNA pellet was then air dried to remove

the alcohol and dissolved in 100 pl of sterile distilled water and stored at -20°C until used.
3. 3. Digestion of extracted cpDNA samples

The extracted chloroplast DNA of Guizotia species in the present study were digested with

three restriction enzymes (EgoRI, BamHI and HindIII) recognizing six base pairs (Table 2).
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Rcstric@ion enzymes were purchased from Promega Corporation (Madison, WI, U, S, A.).
The réstriction enzymes were used according to manufacturers' recommendations. 2-3 ul of
cpDNA aliquot containing ] to 1.5 pg cpDNA from each sample for each enzyme was
added to separate sterile eppendorf tube (0.5 ml) containing 2 l restriction enzyme 10x
buffer E (restriction enzyme ix buffer E is composed of 6 mM Tris-HCI pH 7.5, 100 mM
NaCl, 6 mM MgCl, and ImM DTT at 37°C), 0.2 pl of Acetylated 10 pg/ul BSA, 13-14 pl
of sterile deionized water aud- 1 ul of one of the restriction enzymes recognizing 6 bp
(Tal_jle ﬁ). After mixing gent-ly by pipetting, the tubes were closed, centrifuged for a few

seconds in a microcentrifuge and incubated at the optimum temperature (37°C) for 4hrs.

Table 2. Restriction enzymes used in the present study

Eﬁzy-me No of pase pairs in the Sequences of the recognition
recognition sites sites

BamHI ' 6 5.6GnGATC C.%

o 3.CCTAGHG..5

EcoRI 6 5..C0AATT C..3

: 3.CTTAADG..SY

Hind[II 6 5.A0AGCT T..3’

o 3..T TCGAQA..5
Sau3Al 4 5 .0GATC..3
3.CTAGL.Y
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3. 4. Electrophoresis of digested cpDNA samples

Chloroplast DNA fragments obtained from retriction enzyme digests were separated by
electrophoresis at 30-50 voltage using 0.8% agarose gels with TAE running buffer
composed of 40 mM Tris acetate pH 8.0 and 1 mM EDTA. The DNA fragments were
magde visible by staining the gel with ethidium bromide (0.5 pg/ml) and were photographed
under UV light using polariod films. From the photographs, the restriction fragment
patterns of cpDNA with each enzyme was drawn by measuring the distance of each
fraément from the origin (Tsunewaki and Ogihara, 1983). The molecular sizes of each
restyiction fragment was estimated from its mobility in comparison to HindIlI/EcoRI

restricted Lamda DNA fragments of known molecular sizes.

3. §, Isolation of PCR-ready chloroplast DNA using Dynabeads DNA -

DIRECT™ system I

Besides the use of the entire :_chNA, extracts for PCR amplification of cpDNA non-coding
regions, PCR-ready chloroplast DNA was isolated from representative samlpes of Guizotia
species under consideration ilsing Dynabeads DNA DIRECT™ system I. Dynabeads DNA
DIRECT™ System I was purchased from Dynal A.S, Oslo, Norway and used according to
the suppliers recommendations. Approximately 30-100 mg fresh plant leaf from 10 days

old seedlings of representative samples were used for each isolation. The plant leaf was
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f
homogenized in 1.5 ml eppendorf tube for two minutes in liquid nitrogen with a plastic

pestle to mechanically break ppen the hard cell walls and increase DNA yield and 200 pl (1
unit) fully resuspended Dynabeads DNA DIRECT™ (uniform, superparamagnetic,
polymer particles suspended in a lysis buffer) (bottle 1) was added in a single rapid
pipetting action. After keeping at room temperature for 5 minutes, the tube was placed in a
Dynal MPC (Dynal Magnet!c Particle Concentrator) to allow the DNA/Dynabeads DNA
DIREVCTTM complex to move to the side of the tube facing the magnet. After 1-2 minutes
the'sui_nematant was discarded by carefully pipetting off. The tube was then removed from
the Dynal MPC and 200 p1 washing bﬁffer (Proprietary mix of salts in a colourless aquem;s
sélutio_n) (bottle 2) was added in a single pipetting action so that the complex is flushed off
the side wall. The tube was then replaced back into the Dynal MPC for 30 seconds or until
the supernatant was cleared, and the washing step was repeated after discarding the
supernatant by carefuily pipetting off. Finally the DNA/Dynabeads complex was
resyspended in 20-40 pul of‘resuspension buffer composed of 10mM Tris HCl pH 8.0
(bottle 3), pipetted several .‘times until the suspension was homogeneous, eluted by

incubation at 65°C for 5 minutes to prevent degradation and stored at -20°C.

3.6. PCR amplificatjon of the chloroplast DNA non-coding region

(trnl, (UAA) intron)

Up to 20% of the DNA/Dynabeads suspension or 1-3 ul of phenol/chloroform extracted
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cpDNA were subjected to 28 cycles of amplification (1 min. at 94°C of denaturation, 1
min. at 49°C of annealing and 2 min. at 72°C of extension) in a total volume of 50 pl PCE
reaction mix. consisting of § ul of 10x PCR buffer without MgCl, (100 mM Tris-HCI pH
8.3, 500 mM KCl}, 5ul of MgCl,, 5 pl of 200 uM DNTPs, 1 ul of 1 uM of each primer
and 0.5 pl of Taq DNA polymerase. The pair of universal primers C and D (Table 3) were
used for the amplification of chloroplast DNA non-coding region (¢frn, (UAA) intron) (Fig.
. 5-1_0 pl of each PCR prpducts of each representative sample was electrophoresed in

1.6% agarose gel to check far the successful application of the primers.
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Table 3. Sequences of a pair of universal primers (primers C and D) used for the
amplification of the chloroplast DNA non-coding region (trnL (UAA) intron). The code
denotes the 3' most base pair in the published tobacco chioroplast DNA sequence, The B

and A in the code refer to each strand of the DNA (Taberlet et al., 1991).

Primer Cp_de Sequence 5°-3’
C B49317 | CGAAATCGGTAGACGCTACG
D A49855 GGGGATAGAGGGACTTGAAC
v 1 i
|
g |
. i 3
2 < z -
3 s 3 3
= e =
- g F F
—E - 5 @“‘
a e C €%
—! 100 base pairs ~b ~-d - f

Figure 1. Positions and dir¢ctions of a pair of universal primers used to amplify the non-

coding region (tnL (UAA) intron) of the chloroplast DNA. Tips of arrows indicate the 3'

ends of the psimers (Taberlet ef al., 1991).
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3.7. Digestion of PCR amplified chloroplast DNA non-coding region

(trnL (UAA) intron)

The enzyme Sau3Al was purchased from New England Bio Labs and used following
manufacturers'recommendations. 8 pl of PCR amplified cpDNA non-coding region (trul
(UAA) intron) from the representative samples of the three Guizotia species (G. abyssinica,
G. scabra ssp. scabra and G, scabra ssp. schimperi) were digested for 2 hours at 37°C
with Sau3al restriction enzyme recognizing 4 bp (Table 2) in 2 pl of 10x NEB restriction
buffer (100 mM NaCl, 10 mM Bis Trispropane-HCl, 10 mM MgCl,, ImM dithiothretiol,
pH 7.0 at 25°C), 2 ul of BSA, 1 gl of 10 pug/pl of Sau3Al restriction enzyme and sterile

deionized distilled water to a final reaction volume of 20 el

3. 8. Electrophoresis of PCR amplified and digested ¢cpDNA non-

coding region (¢rnL. (UAA) intron)

Sau3Al enzyme restricted cpDNA non-coding region (¢rnL (UAA) intron) fragments were
separated by electrophoresis at 100 voltage using 2% agarose gels with 1x TBE running
buffer containing 50 mM Tris-HCI pH 8.3, 50 mM H,BO, and 10 ‘mM EDTA). The
cpDNA non-coding region (¢rnl. (UAA) intron) fragments were made visible by staining

the gel with ethidium bromide (0.5 pg/ml and photographed under UV light using polariod
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films. From photographs, the restriction fragment patterns of cpDNA non-coding region
(rrnL (UAA) intron) generated by Sau3Al enzyme was drawn by measuring the distance of
each fragment from the origin (Tsunewaki and Oéihara, 1983). The molecular sizes of each
restriction fragment was estimated from its mobility in comparison to the molecular sizes of

123 bp DNA ladder.

3. 9. Data analysis

The molecular sizes estimated by Bowman et al. (1981) was used as references for
estimating the molecular sizes of cpDNA fragment bands. The molecular size of each

fragment was estimated in relation to the molecular size of the molecular wt. marker band

closest to it following the equation given below.

DixWt,= D, x Wit

We, = DX
D;

in which D, is the distance migrated by the closest fragment of the molecular wt. marker,
D, is the distance migrated by the DNA fragment in question, wt; is the estimated

molecular size of the molecular wt, marker fragment closest to the DNA fragment in
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question and wt, is the estimated molecular wt. of the DNA fragment in question.
Suspected homologies were confirmed by side-by-side comparison of electrophoretic
mobilities of cpDNA fragments (Carr et al., 1987). All bands with an identical

electrophoretic mobility were treated as homologous.

Fragment patterns generated by restrictién endonuclease digestions were used to calculate
the extent of sequence divergence between each pair of samples. The degree of genetic
divergence between two species is expected to be correlated with the proportion of DNA
fragments shared by them. The proportion of DNA fragments shared by two species (F) is

given by the following formula of Nei and Li (1979) (equation 21)

F= 2 Flxy

netny

in which n, and n, are the number of fragments in species x and y respectively, whereas n,,

is the number of fragments shared by the two species.

In addition, restriction sites of the different taxa were aligned and presence/absence of
restriction sites were scored as 1/0 data matrix from which similarity or disimilarity
indexes and dendrograms were generated from the similarity matrix using a soft ware

program NTSYS-PC (Rholf, 1993).
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4. Results

Extractions of chloroplast DNAs following the sucrose gradient method of Palmer (1986)
was successfully optized for all the Guizotia species considered in the present study (Fig.
2). The isolation of PCR-ready DNA using Daynabeads DNA DIRECT™ System I and
subsequent amplification of chloroplast DNA non-coding region (frnl. (UAA) intron) (Fig.

3) using primers C and D of Taberlet e al. (1991) was also done.

The digestion of the total chloroplast DNA extracts from reperesentative samples of
Guizotia species in the present study using the three type two restriction endonuclease
enzymes recognizing six base pairs (BamHI, EcoRI and HindIll) produced a total of 20
fragments (Fig. 3). This means that, 20 recognition sites were detected and about 120 base
pairs were surveyed in each of the chloroplast DNA studied and this represents 0.086% of
the chloroplast genome, based on estimated average molecular size of the chioroplast
genome ranging from 120 to 180 kb (Close et al., 1989). The number of restriction
fragments per restriction enzyme recognizing siX bp used ranges from 6-8, while the sizes

of the restriction fragments ranges from 1.33-19.5 kb.

The digestion of PCR amplified chloroplast DNA non-coding region (trnl (UAA) intron)
from representative samples of Guizotia species considered in the present study with type
two restriction endonuclease enzyme (Sau3Al) (Table 2), recognizing 4 base pairs produced

3 restriction fragments (Fig. 4). This means that, two recognition sites were detected and 8
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base pairs were surveyed in each of this PCR amplified chloroplast DNA non-coding
region (frnl (UAA) intron), and this represents 1.63% of this particular chloroplast DNA
non-coding region based on the estimated molecular size of this non-coding region to be

490 bp in the present study.

An attempt to digest the PCR amplified cpDNA non-coding region (¢rnl. (UAA) intron)
with the three restriction endonuclease enzymes recognizing six base pairs (Table 2) did not
generate any restriction fragment indicating that these restriction enzymes lack recognition

sites in this particular cpDNA non-coding region.

Because the resolution of the smaller fragments produced by the restriction endonuclease
enzymes (BamHI, EcoRI and H_indHI) were inadequate on 0.8% agarose gels, most
deductions were made by comparing only the larger fragments. Thus, we have probably
underestimated the variation existing among these species as some differences may be
evident among the smaller fragments. However, the digestion of the cpDNA non-coding
region (frul, (UAA) intron) with Sau3Al restriction enzyme producing smaller fragments
ranging in size from 0.27-0.4 kbp partially confirms the absence of variation even among

the smaller restriction fragments expected to be produced.

32




Figure 2, Electrophoresis in 0.8% agarose gel showing successful extraction of chloroplast
DNA from Guizotia species in the present study. Lanes 1-3, 4-6 and 7-9 are G. abyssinica,

G. scabra ssp. scabra and G. scabra ssp. schimperi, respectively.,

33




Figure 3. Electrophoresis of PCR amplified chloroplast DNA non-coding region (trnL
(UAA) intron) in a 1.6% agarose gel showing the successful application of primers C and D
(Tab. 3). Lane 1 is molecular wt. marker (EcoRI/HindIH digested Lamda DNA), lanes 2

and 3, 4 and 5, 6 and 7 are G. abyssinica, G. scabra ssp. scabra and G. scabra ssp

schimperi, respectively.
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Figure 3. Electrophoresis of PCR amplified chloroplast DNA non-coding region (trnL.
(UAA) intron) in a 1.6% agarose gel showing the successful application of p;imers Cand D
(Tab. 3). Lane 1 is molecular wt. marker (EcoRI/HindIII digested Lamda DNA), lanes 2
and 3, 4 and 5, 6 and 7 are G. abyssinica, G. scabra ssp. scabra and G. scabra ssp

schimperi, respectively.
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Figure 4. Agarose gel electrophoretic patterns and the estimated molecular sizes of
restriction endonuclease digests of chloroplast DNAs isolated from the three Guizotia
species. Lane 1 is molecular wt. marker (EcoRI/HindIII digested Lamda DNA) and lanes 2,
3 and 4 are BamHI; 5, 6 and 7 are EcoRI and 8, 9 and 10 are and HindII{ restriction
fragment patterns, repectively. Lanes 2, 5 and 8 are G. abyssinica; 3, 6 and 9 are G. scabra

ssp. scabra and lanes 4, 7 and 10 are G. scabra ssp. schimperi chloroplast DNA restriction

fragments, respectively.
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Figure 5. Agarose gel electrophoresis of the three Guizotia species chloroplast DNA non-
coding region (trnlL (UA;A) intron) fragments produced by digestion with restriction
endonuclease enzyme (Sau3Al) recognizing 4 base paits. lane 1 is molecular wt. marker
(EcoRI/HindIII digested Lamda DNA or 123 base pair ladder DNA), while lanes 2-3, 4~5,‘

6-7 are G. abyssinica, G. scabra subsp. scabra and G. scabrq ssp. schimperi respectively.
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Table 4. Number of bands scored for each Guizotia species with each restriction enzyme

used.,
Enzyme G. abyssinica G. scabra subsp. G. scabra subsp.
scabra schimperi
BamHI 8 8 8
EcoRI 6 6 6
HindIII 6 6 6
Sau3Al 3 3 3

Table 5. Proportion of restriction fragments shared by each pair of Guizotia species

compared.
Species G. abyssinica G. scabra subsp. G. scabra subsp.
scabra schimperi
G. abyssinica i 1 1
G. scabra subsp. scabra i i 1
G. scabra subsp. 1 1 1
schimperi .
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5. Discussion

Variability of ¢cpDNA from three closely related species of the genus Guizotia was
examined by digesting with restriction endonuclease enzymes (Table 2). The observation of
the electrophoretic fragment bands indicated that there was no vari‘ation among these
species. The absence of variation found here is in line with the conservative nature of the
chioroplast genome that has been reported at both the intraspecific and interspecific levels in
other angiosperm species (Bowman ét al., 1983; Palmer ef al., 1985). Higher plant
chloroplast genomes are highly conserved across a broad array of taxa (Plamer, 1985).
Birky (1988) cited in Doyle et al. (1990) has also pointed out that low levels of cpDNA
variation are commonly observed in interspecific comparison (e.g Koch et al. 1996) found
only 4 restriction site mutations in section Cochleria (Brassicaceae) with 91 accession
representing 11 species analysed by 25 restriction enzymes). One possible explanation for
low genetic variability of cpDNA is its low mutation rate (the rate of ‘base substitutions is
significantly }ower for chloroplast DNA than for a single copy nuclear DNA from the same
species (Belford and Thompson, 1981). Another possiblity is the uniparental transmission of

chloroplast genome resulting in rarity of heteroplasmic individuals (Thomson, 1977).
A general criticism of absence of cpDNA variation is inadequate sampling, either as a result

of too few restriction enzymes used (e.g. Hantula et al., 1989) or considering too few

individuals per taxon (e.g.Coates and Cullis, 1987). Therefore, adequate sampling is also
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essential in studies using cpDNA variation for phylogeny reconstruction among closely
related species. Selection of 1-3 accessions to repesent each of the three species or digestion
with few restriction enzymes could generate any variation. Thus, the observed affinities of
species represented by a single or few accessions or limited number of restriction enzymes
used should be considered preliminary. But, if very little or no interspecific cpDNA
variation is encountered, like in the case of Guizotia species in the present study, increasing
intraspecific samples would probably be a waste of resources.

The level of nucleotide change among genera in different tribes and subtribes of the family
Asteraceae is found to be surprisingly low in comparison to intrageneric divergence value in
several other angiosperm families (Jansen and Palmer, 1988). These low levels of
intergeneric cpDNA nucleotide change in the Asteraceae (the family to which the genus
Guizotia belongs) suggests that the Asteraceae is either a relatively young family or the rate
of chloroplast DNA divergence is slower within the Asteraceae (Jansen and Palmer, 1988);
Similarly, the absence of cpDNA restriction fragment variation among the three species of
the genus Guizotia in the present study could be explaned in terms of their close relationship

and recent diversification or having lower rate of cpDNA nucleotide divergence.

In contrast to the remarkable morphological variability of the Guizotia species as judged by
Baagoe (1974), the cpDNA restriction fragment paiterns of these species were found to be
identical. The same phenomena was found by Clegg et al. (1984) in the genus Hordeum
where strong morphological variability does not correlate with detectable cpDNA

variability. Morphological data are not always in line with molecular data, a situation which
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is also seen in other taxa too (Koch et al., 1996). Introgression has been suggested to
account for incongruence between cpDNA and morphological variation patterns in some
plant species (e.g. Brassica napus, Palmer et al., 1983). Introgression requires at least a

possible limited gene flow among the taxa involved.
The present cpDNA restriction fragment variation analysis revealed that the three Guizotia

species are equally related to one another, This is in line with the similarity of Guizofia

species in their chromosome number and their fatty acid composition
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6. Conclusion

The present results of cpDNA restriction fragment analysis among the three species of the
genus Guizotia showed absence of variation indicating a close relationship among these
species due to their recent diversification or their chloroplast DNA evolving relatively at a
slower rate. Our findings for the homologous cpDNAs in these species of the genus
‘Guizotia support the assumption of Palmer and Zammir (1982) who emphasized the

conservative nature of the chloroplast DNA.

Although we found no variation in cpDNA restriction fragment analysis among the
presently studied species, it is evident that cpDNA can still provide substantial phylogenetic
insights at both intergeneric and interspecific level in other angiosperms, because a number
of studies have demonstrated the potentiai of épDNA restriction site mutations for resolving
phylogenetic relationships among closely related species (Palmer, 1986b cited in Jansen and
Palmer, 1988). Finally, inorder to‘ get more reliable RFLP information, the use of more
restrictioq enzymes and cloned probes for the future restriction fragment variation analysis

of all Guizotia species and other angiosperm species are recommended.
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