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ABSTRACT

Arabica coffee (Coffea arabica L.), which contributes over 70 percent of the world's coffee

productions, is characterized by a low genetic diversity, attributed to its allopolyploidy origin,

predominately self-pollinating nature and its recent evolution. A total of 81 wild coffee trees from

four populations of Yayu (Geba-Dogi) forest and Sore forest (only thee samples for comparison)

were used to assess the within and among populations genetic diversity using inter-simple

sequence repeat (ISSR) marker. Two populations (Yayu-1 and Yayu-2) are from disturbed region

of the forest and two populations (Yayu-4 and Yayu-5) are from undisturbed region of the forest.

The samples range in age from about 2 years old to very old trees. Larger genetic diversity

estimate was observed for Yayu-2 (P=27.27%, H=0.079, H’j=0.175) and lower for Yayu-4

(P=10.91%, H=0.31, H’j=0.07). Individuals in disturbed regions are clearly distinguished from

those in undisturbed regions on dendrogram generated based on Jaccard similarity coefficient

and unweighted pair-group method using arithmetic averages (UPGMA). Smaller genetic

distance exists between Yayu-1 and Yayu-2 (0.011) and larger genetic distance exists between

Yayu-1 and Yayu-4 (0.109). Larger proportion of the total genetic diversity exists within

population (above 55%), which is the pattern for populations with mixed-mating. The results of

the present study suggest that coffee populations in the semi-disturbed regions of the forest have

higher genetic variability and need to be given priority for both in situ and ex situ conservation

as well as for breeding purposes. Those from undisturbed populations should also be conserved

as they may have some unique genes.

Key words: Coffea arabica, ISSR, Yayu, intraregional diversity, Ethiopia
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1. General Introduction

1.1. Background

11.1..1. General overview of Coffee

Coffee provides one of the most widely consumed beverages in the world, and is a very

important source of foreign exchange income for many countries. It is currently being produced

in over 60 countries, and it is among the five most important raw goods of the world. For many

developing countries it is the most important source of foreign currency, (up to 80% of all foreign

income currency), only being surpassed by crude oil (OXFAM, 2002). According to the FAO, in

1999 the value of world coffee imports amounted to US$ 13.4 billion, but this value decreased

significantly to USD 10 billion due to the current coffee crisis. Coffee consumption was approx.

US$ 50 billion per year. Commercial coffee production relies on two species of coffee, Coffea

arabica and Coffea canephora (Coste, 1992). Arabica coffee accounts for over 70 percent/about

two-thirds of the world market and production. Arabica beans are generally considered to

produce better quality, and more flavourful results (Raina et al., 1998). At least 14 countries are

dependent on coffee for 10% of their export earnings and three countries namely Burundi,

Ethiopia and Uganda depend on coffee for more than 50% of their export earnings. In Ethiopia

coffee production is exclusively from C. arabica L. and Arabica coffee is the most important

plant in the country's economy as foreign exchange earner, amounting to more than 67 percent of

foreign exchange (OXFAM, 2002). Ethiopia is currently the seventh largest coffee producer

worldwide and ranked ninth in coffee export. In Ethiopia coffee grows on approx. 400,000 ha.

The average annual production amount to about 200,000 t. Coffee is by far Ethiopia's most
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important export crop. Based on the current coffee crisis, Ethiopia's exports from coffee

decreased from over US $ 250 million in 1999/2000 to less than US $ 150 million in

2000/2001(OXFAM, 2002; Taddesse, 2003). Ninety-six percent (96%) of the Ethiopian coffee is

produced in traditional coffee production systems of which a significant share is threatened

through the coffee crisis.

1.2. Genetic Diversity and its MaintenanceUse

Biological diversity refers to the number, variety, and variability among species of plant, animal,

and microorganism and the ecological systems in which they live (UNCED, 1992; IPGRI, 1993).

Biological diversity can be defined at three levels: Species diversity, ecosystem diversity, and

genetic diversity. Species diversity refers to the variety and abundance of different species and

ecosystem diversity is the variety of habitats, such as grasslands or wetlands, occurring within a

region. Finally, genetic diversity refers to the variation of genes within species, i.e., the heriTable

variation within and between populations of organisms. The generation of new genetic variation

occurs continuously in individuals through chromosomal and gene mutations, as well as

recombination but in sexually reproducing organisms. Genetic variation is also influenced by

selection. Modern crops with stored genetic diversity are the results of thousands of years of

evolutionary processes (Endashaw, 1983, 1985, 1986). Plant genetic resources (PGR) include the

reproductive or vegetative propagated material of (i) cultivars in current use and newly developed

varieties, (ii) traditional cultivars and landraces (iii) wild relatives of cultivated species and (iv)

elite breeding materials, anneuploids and mutants (Singh, 1996; Karp et al., 1997; IPGRI, 2005).

The existence of wide genetic diversity in a crop plant is also important to individual farmers,

communities and to the agriculture of the world. Genetic diversity provides farmers and plant
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breeders with options to develop, through selection and breeding, new and more productive crops,

that are resistant to virulent pests and diseases and adapted to changing environments (Singh,

1996; Rao, 2004). Diverse genetic resources allow humans to select and breed plants and animals

with desired characteristics, thus increasing agricultural productivity. Genetic diversity helps to

overcome stresses imposed by pests, parasites, pathogens and environment on crop varieties that

range from a reduced productivity to extinction in evolutionary perspective (Endashaw, 1985).

Narrow genetic base of a species thus can lead to loss or extinction of that species.

The genetic diversity of crop varieties is particularly high at the centers of diversity (Singh, 1996).

Most centers of diversity are found where crops were first domesticated, primarily in today’s

developing countries (Singh, 1996; Karp et al., 1997). Ethiopia is one of the Vavilonian centers

of diversity (Vavilov, 1951 cited in Singh, 1996; Demel, 1999). C. arabica is of the most

important crops originated and diversified from Ethiopia. It is largely represented in the country

by genetically diverse forms of landraces and wild types that are uniquely adapted. It occurs

naturally in forests of Ethiopian highlands of SW Ethiopia between 1,400-1,900m (Purseglove,

1968; Demel, 1999; Taddesse, 2003).

Although C. arabica L. is cultivated nowadays in over 60 countries of the world, it has a very

narrow genetic base which is represented by two baseline cultivars, Bourbon and Typica

(Lashermes et al.,1993; Lashremes et al., 1996; Anthony et al., 2001). However, the genetic

diversity in Ethiopia is larger as compared to the other countries (Demel, 1999; Taddesse, 2003).

Many different types of landraces and forest/spontaneous forms of the crop represent this

diversity.
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1.3. Loss of Genetic diversity

Genetic resources are disappearing at unprecedented rates (IPGRI, 1993, 2005). The reasons for

this loss are many and include deforestation, developmental activities such as hydroelectric

projects, road construction, urbanization and changes in agricultural practices, and finally modern

agriculture and introduction of new and uniform varieties (Taddesse, 2003; Rao, 2004). More

than 15 million hectares of tropical forest are lost each year (Rao, 2004). Over-grazing and

changes in land-use pattern are taking heavy toll on diversity available in the wild species. Wild

populations of C. arabica L. are one of such highly endangered species due to increasing

settlement and land-use pressure on the montane rain forests of SW Ethiopia (Taddesse et al.,

2001). Currently only about 2,000 km2 forests that is extremely fragmented remain (Taddesse et

al. 2001). Large-scale deforestation of the montane rain forest, therefore, leads to loss of the wild

Arabica coffee gene pool. Despite all these factors of threats on the forest coffee ecosystem, a

number of wild coffee populations, which can be used as sources of germplasm, exist in rain

forest of SW and eastern part of the Great Rift Valley system (Taddesse et al., 2002). Many

factors are contributing to the erosion of the gene pool from Ethiopia (Taddesse, 2003).

Population increment in the areas leads to land-use change, which in turn leads to deforestation of

the natural ecosystem of wild coffee. To avoid high rate of erosion of genetic variability

collection, characterization and conservation of germplasm is highly important (Demel, 1999;

Taddesse et al., 2002).
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1.4. Methods for conservation of Genetic Resources

Conserving and using plant genetic diversity is vital to meeting the world’s future development

needs (IPGRI, 1993, 2005). There are two main approaches for conservation of plant genetic

resources, namely in situ and ex situ (Endashaw, 1986; Karp et al., 1997; Karp, 2002; Rao, 2004).

In-situ conservation involves maintaining genetic resources in the natural habitats where they

occur, allowing evolution to continue and increasing genetic diversity to be conserved

(Endashaw, 1986). In situ conservation is considered to be the method of choice for conserving

forest species and wild crop relatives and there is an increasing interest in the use of in-situ

conservation for crops themselves as on-farm conservation (Karp et al., 1997; Karp, 2002). The

conservation of wild species in genetic reserves, termed gene management zones (GMZs),

involves the target species, location, designation, management and monitoring of genetic

diversity in a particular natural location (Tan and Tan, 2002).

Ex-situ conservation on the other hand, involves conservation outside the native habitat and is

generally used to safeguard populations in danger of destruction, replacement or deterioration

(Endashaw, 1986; Rao, 2004). Approaches to ex situ conservation include methods like seed

storage, field genebanks and botanical gardens. DNA and pollen storage also contribute indirectly

to ex situ conservation of PGR. Among the various ex situ conservation methods, seed storage is

the most convenient for long-term conservation of plant genetic resources. This involves

desiccation of seeds to low moisture contents and storage at low temperatures. However, there

are a large number of important tropical and sub-tropical tree species, which produce recalcitrant

seeds that quickly lose viability and do not survive desiccation; hence conventional seed storage

strategies are not possible. C. arabica is one of such crops. Such plants are conserved either in
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situ or in field genebanks. Field genebanks are also important to conserve crop species that are

sterile or do not easily produce seeds, or their seed is highly heterogenous and clonal propagation

is preferred to conserve elite genotypes. Examples of crop species in this category are banana,

sweet potato, sugarcane, cassava, yam, potato, and taro. Although field genebanks provide easy

access to conserved material for use, they run the risk of destruction by natural calamities, pests

and diseases (Endashaw, 1986).

There are a number of alternative methods to avoid the risks posed by using field genebanks (Rao,

2004). In vitro methods such as tissue culture techniques that help to establish safety duplicates

of the living collections for conservation. In vitro conservation also offers advantages such as

maintaining the material in a pathogen-tested state, so as to facilitate safer distribution and to

protect the cultures from environmental disturbances.

Effective conservation of genetic resources requires the use of the combination of the methods

(Endashaw, 1986; Karp et al., 1997). There are many field genebanks in the world and in

Ethiopia (FAO, 1968), which have collections of C. arabica from Ethiopia and other parts of the

world (Taddesse, 2003). In Ethiopia there are two field gene banks in SW at Jimma and Chochie

(Taddesse, 2003). There is a need to supplement these collections by maintaining some genetic

resources of C. arabica in their native environment, in- situ.
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1.5. Detecting Genetic Diversity in Genetic Resources

Genetic resources conservation and use activities, be it in situ or ex situ, require characterization

of the diversity in both the gene pools and the gene banks (Karp et al., 1997; Tan and Tan, 2002).

Therefore, genetic diversity measurements are needed to designate the appropriate genetic

reserve of target species with high variation. Diversity measurements are also needed to monitor

any change in the pattern of diversity in the in situ GMZs.

Study of genetic diversity is the process by which variation among individuals or groups of

individuals or populations is analysed by a specific method or a combination of methods (Haig,

1998; Karp, 2002; Rao, 2004). Diverse data sets, often involving numerical measurements, are

used in genetic diversity studies of plants. The genetic diversity analysis may be made at different

levels: individual genotypes such as inbred lines or pure lines or clones, populations, germplasm

accessions, and species (Karp et al., 1997). To conserve and use genetic variation it should first

be assessed, i.e., the extent and distribution of the variability needs to be determined.

There are many methods by which genetic diversity could be assessed (Murphy et al., 1996; Karp

et al., 1997; Parker et al., 1998; Karp, 2002). Detection of genetic variation can be done with the

help of a genetic marker. Genetic marker is a measurable character that can detect variation in

either a protein or DNA sequence. A difference, whether phenotypic or genotypic, may act as a

genetic marker if it identifies characteristics of an individual’s genotype and/or phenotype, and if

its inheritance can be followed through different generations. A genetic trait may not have

necessarily observable consequences on an individual’s performance. There are three major types



8
IIIIV

of genetic markers: morphological traits, protein/biochemical markers, and DNA-

based/molecular markers.

Traditionally, diversity is assessed by measuring variation in phenotypic traits such as flower

colour, growth habit or quantitative agronomic traits like yield potential, stress tolerance, etc.,

which are of direct interest to users (Karp et al, 1997; Amsalu, 2001;Karp, 2002). However, since

these sets of characters lack adequate coverage of the genome, are strongly influenced by

environmental factors, and are apparently controlled by several genes their use in genetic

diversity studies is limited. In the 1960s, biochemical methods based on seed protein and enzyme

electrophoresis were introduced, which proved particularly useful in analysis of genetic diversity

as they reveal differences between seed storage proteins or enzymes encoded by different alleles

at one (allozymes) or more gene loci (isozymes) (Murphy et al, 1996; Parker et al, 1998). Like

morphological markers protein markers are also limited by being influenced by the environment

and changes in different developmental stages (Murphy et al., 1996; Rao, 2004). DNA-based

techniques introduced over the past two decades have potential to identify polymorphisms

represented by differences in DNA sequences (Dowling et al., 1996; Karp et al., 1997; Parker et

al., 1998; Wolfe and Liston, 1998; Karp, 2002). These methods are being used as complementary

strategies to traditional approaches for assessment of genetic diversity, the major advantage being

that they analyse the variation at the DNA level itself, excluding all environmental influences.

Whichever method is used the aim is to find out the level and distribution of genetic variability.

The analysis of genetic relationships among samples or populations and estimates of poulation

genetics parameters, particularly diversity and its partioning at different levels are important

analyses in genetic resources conservation (Karp et al., 1997). Measures of genetic
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similarity/distance (Nei, 1987) and cluster analysis show the relationship between samples or

populations. Measurement of genetic diversity can be done by the proportion of polymorphic

markers (P) and Nei gene diversity (H)(Nei, 1987) and also by Shannon-Weaver diversity index.

The genetic structure (within and among populations) can be analyzed as G-statistics (Nei, 1973),

F-statistics of Sewal Wright (Wright, 1951 cited in Nei, 1987).

Molecular techniques proved useful in a number of ways to improve the conservation and

management of PGRPGR (Karp et al., 1997). In particular, genetic diversity data provides

information on gaps in terms of coverage in gene pools as well as redundancies, i.e.,

material with similar characteristics that wastes resources through increased cost of

management (Rao, 2004)2. Literature Reviews

2.1. Taxonomy, Reproductive biology and Morphology of C. arabica

2.1.1. Taxonomy

Taxonomically, C. arabica belongs to genus Coffea L., which in turn belongs to a large family of

flowering plants, Rubiaceae (Wellman, 1961; Purseglove, 1968; Charrier and Berthaud, 1985).

The classification was made by Carlos Linnaeus in 1737 using the then known single species C.

arabica putting it as a separate genus Coffea L. However, since the second half of the nineteenth

century many new species of Coffea have been discovered by exploration of tropical forests of

Africa, where most of the species are found (Charrier and Berthaud, 1985).

The taxonomy of the genus is still unsettled and many new species are being discovered. Many

new species of the genus have been discovered in recent years in the forests of eastern Africa

(Charrier and Berthud, 1985) and Madagascar. The number of species described under the genus
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varies from author to author, ranging from 60 to 100 (Bridson and Verdcourt, 1988; Coste, 1992)

all of which are found in the tropics of Africa, Madagascar and Mascarnes. Although the

taxonomy is not settled, the genus is classified into sections and subgenera by different authors

based on different criteria. For example, Chevalier, (1947, cited in Charrier and Berthaud, 1985)

classified the genus into four sections namely Argocoffea, Paracoffea, Mascarocoffea and

Eucoffea. He also further classified the sections into subsections. Sections Eucoffea (more

correctly Coffea) and Mascarocoffea include most of the presently known coffee species. Leroy

(1980, cited in Taddesse, 2003) classified the genus into three subgenera as subgenus Coffea,

subgenus Baracoffea and a monotypic subgenus Psilanthopsis based on growth habit

(monopodial vs. sympodial) and type of inflorescence, axillary vs. terminal. The first two

sections, Argocoffea and Paracoffea, are excluded from the genus by Leroy (1967, cited in

Charrier and Berthaud, 1985). Recently Bridson (1994, cited in Taddesse, 2003) recommends

that Psilanthopis be placed in subgenus Coffea.

All the caffeine-containing coffee trees belong to subgenus Eucoffea that probably originated

from central and east African centers and differentiated into different species such as C. arabica

from Ethiopia, C. eugenioides from Kenya and C. canephora as well as C. liberica from West

Africa. Some other species like C. congensis and C. excelsa come from the Central African

Republic (Berthou, 1983; Lashermes et al., 1997).

Within C.arabica there are several phenotypically distinct populations and lines of cultivars or

varieties (Var. bourboun Choussy and typica Cramer) and mutations from these varieties (Coste,

1992). From Ethiopia many landraces or farmer’s cultivars, about 130 in number, have recently

been recorded from the different coffee growing regions (Demel, 1999; Taddesse et al., 2001).
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2.1.2. Morphology and reproductive biology

Arabica coffee (C. arabica) is a shrub or small tree, and if untended, it may reach a size of 4 to 5

meters (Purseglove, 1968; Van der Graff, 1981, Coste, 1992; Demel, 1999). The plant has a

dimorphic habit of branching in which vertical (orthotropic) branches form horizontal (plagiotropic)

branches, which bear the flowers and the fruits in clusters (Figure 1). Flowers are with short corolla,

long style and exerted stamen and are typical of the genus Coffea. Inflorescences develop from

serial buds mainly on horizontal branches. Each inflorescence normally carries one to five flowers.

The flowers have a short pedicel and a rudimentary calyx. The petals are fused and form corolla

with five lobes. The pistil consists of an inferior ovary and a long style with two stigmatic lobes.

The ovary is bilocular each with one anatropous ovule. Flower initiation occurs after sufficient

rainfall following a dry period. The total period of flowering is normally not more than three days

with the majority of flowers opening on the first and the second day. Pollen shedding starts very

soon after opening of the flowers early in the morning and the stigma is then receptive. Flowers

wither in one or two days after pollination. It takes six to eight months from flowering to fruit

ripening.

A C
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Figure 1. Pictures showing some morphological features of C. arabica and cross-section of its fruits. Picture A
shows coffee tree with bronze-tipped leaves and B shows the branching pattern, the ripe and unripe berries and
the main stem. Picture C shows the cross-section of the fruit (Esayas, 2006)

The coffee fruit usually contains two seeds. Ripe fruits have a thick fleshy mesocarp (pulp) and a

hard endocarp (parchment). In addition, each seed is enveloped in a silver skin (testa), which is a

remnant of the integument (perisperm). The tough endocarp is to protect the seed from digesting

enzyme activities in the gut of frugivores such as birds and mammals. The fleshy, sugar

containing mesocarp and the vivid coloration due to anthocyanins of the exocarp act as a reward

and attract the dispersing animals, respectively (Urbaneja et al., 1996, cited in Esayas, 2006).

The coffee bean consists of an endosperm and small embryo embedded at the basal end of the

seed. There is no seed dormancy in coffee, and seed viability is normally lost within three to six

months after harvesting. The coffee seed is recalcitrant, but it is possible to preserve the viability

for up to two and half years when coffee seeds at moisture content of 41% is stored at 15° C

(Purseglove, 1968).
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The floral morphology of C. arabica would permit natural cross-pollination. Nevertheless, C.

arabica is largely autogamous (self-fertile), and fruit set after self-pollination is 60% or higher

(Carvalho et al., 1969). Most studies on the degree of natural cross-pollination were carried out

on cultivars of C. arabica, which underwent many cycles of selection. Van der Vossen (1974)

found 7 to 15 percent of natural cross-pollination in C. arabica. The rate of out-crossing is

expected to be higher in its centre of origin than in the cultivars growing elsewhere, since natural

pollinating agents that evolved with the species are found in the natural habitats. About 40-60%

self-fertility was observed in wild coffee plants in SW Ethiopia (Meyer, 1965) indicating the

possibility of higher out-crossing rate. Most diploid species of Coffea have proved to be highly

self-incompatible, allogamous (Berthaud and Charrier, 1985).

The genome of C. arabica is tetraaploid (2n=4x=44). Recent investigations established that C.

arabica has arisen by natural hybridization between two closely related diploid species followed

by unreduced gamete formation (Charrier and Berthud, 1985; Anthony et al., 2002). The

suggested putative ancestral parents are C. canephora and C. eugenioides (Lashermes et al, 1999)

or C. liberica or C. congenesis, or species very closely related or identical to C. eugenioides and

to C. canephora (or C. congensis) are the most likely maternal and paternal progenitors of C.

arabica, respectively (Lashermes et al., 1995; Raina et al., 1998). Recently, sequencing of

regions of chloroplast genome by Kassahun et al. (inpress) suggests the probability of C.

eugenioides or its ancestor to be the maternal parent of C. arabica.
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2. 2. Coffee in Ethiopia

2.2.1. Origin and distribution of C.arabica

Ethiopia has diverse climatic conditions varying from hot and dry deserts in the lowland areas, up

116 meters below sea level (mbsl), to humid alpine habitats in highlands, which rise to over 4000

metres above sea levels (masl). There exists high diversity of species of plants and animals

because of the climatic diversity (Demel, 1999; Paulos and Demel, 2000). The montane rain

forest is one among the very important homes for endemic and indigenous plants and animals

(Taddesse, 2003). Ethiopia is also the center of origin of several cultivated crops such as tef

(Eragrostis tef), niger seed (Guizotia abyssinica), and C. arabica (Demel, 1999). These crops are

largely represented in the country by landraces and wild types.

All coffee species are believed to have been originated from Africa and the cultivated ones, C.

arabica, C. canephora and C. liberica, were also domesticated in Africa for the first time

(Wellman, 1961; Purseglove, 1968; Demel, 1999). Ethiopia is widely believed to have been the

center of origin and proliferation of C. arabica (Wellman, 1961; Haarer, 1962; Meyer, 1965;

Purseglove, 1968; Friis, 1979). It occurs naturally in forests of Ethiopian highlands of SW

Ethiopia between altitudes of 1400 and 1900 masl (Purseglove, 1968). It is also native to the

Boma plateau of Sudan and Mount Marsabit in N. Kenya (Friis, 1979: Anthony et al., 2001).

Today the species is cultivated in most of the tropical countries of the world and it is distributed

to these regions via Arabia, the present Yemen Republic (Wellman, 1961; Friis, 1979). Arabica

coffee is being distributed in South and Central America, Caribbean Islands in the pacific, India,

Indonesia, Viet Nam, New Guinea, the Philippines, high land areas of Africa, Kenya, Tanzania,



15
IIIIV

Zimbabwe, Rwanda, Burundi, Zaire, Angola and Cameroon (Coste, 1992). It is not clearly

known when Arabica coffee was taken from Ethiopia to Arabia. Some authors consider the first

introduction to be at about A.D. 575 (Wellman, 1961), but Haarer (1962) states the absence of

repuTable evidence of coffee in Arabia during the 13th century. However, it is clear that it has

been cultivated in Yemen for at least five centuries, since the 15th century when the discovery of

brewing coffee was made (Purseglove, 1968).

The Dutch introduced variety typica now called C.arabica var. arabica into Java in 1696 and

subsequently in 1699 and spread to South East Asia about 1700(Wellman, 1961; Friis, 1979;

Demel, 1999). A single plant was taken from Java to the Amsterdam Botanic Garden in 1706

whose vigorous-progeny was taken to Paris in 1713. From Amsterdam the progenies were taken

to Surinam in 1718, then to Cayenne in 1722 and then to Brazil in 1727. Progeny from Paris plant

were sent to Martinique about 1720 from where it was taken to Jamaica in ten years later, where

it gave rise to the cultivar 'Blue Mountain'. From these two sites, Amsterdam and Paris, the

variety spread to Caribbean and Central and South America. Originated from a single tree, typica

coffee, has a low genetic diversity. Thus the Latin America has a very low genetic variability

(Lashermes, 1996). Another variety commonly called 'Bourbon', which occurs sub spontaneously

in Ethiopia, appears to have been taken by the French to Bourbon Islands (now R’eunion) about

1718 from unknown source (Friis, 1979). Progenies from this introduction were taken to the New

world and other parts of the world including Africa.
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2.2.2. Coffee production in Ethiopia

Arabica coffee (C. arabica) is the only coffee species that exists naturally in Ethiopia and it is

geographically isolated from the rest of coffee species (Taddesse et al., 2002). There are wild and

cultivated types of C. arabica in Ethiopia grown generally under four different production

systems: forest, semi-forest, garden and plantation (Demel, 1999; Workafes and Kassu, 1999;

Taddesse et al., 2002). In the forest production system, coffee is harvested directly from wild

coffee plants growing in afromontane rain forests of west and southwest of Ethiopia by

subsistence farmers. Wild populations of C. arabica are under the forest production system and

grow naturally in the undergrowth of the montane rain forests in southwest and Eastern part of

Ethiopia (Taddesse et al. 2001). These forests are part of a natural forest ecosystem and represent

9% of the total land covered by coffee and the production system contributes about 5-6% of the

total coffee production in the country (Taddesse et al. 2002). There is no any kind of

management of the forest and the coffee other than harvesting the berries.

In the semi-forest coffee production system, management of forest such as thinning out of trees

and shrubs competing with coffee in the lower storey as well as large trees in the canopy layer

and also planting of coffee seedlings either from the natural forest or raised in nurseries are

possible. This production system represents 24% of the total land covered by coffee and

contributes about 20% of the total coffee production in the country. These managements can

affect the genetic diversity structure of the forest coffee gene pool. Both the forest and semi-

forest coffee production systems are part of the forest coffee ecosystem. The two production

systems, forest and semi-forest, together account for about 33% of land covered by coffee and

25-26% of the total coffee production in Ethiopia. Plantation and garden coffee production
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systems together contribute to the remaining percentage of production and are mainly found in

the south and eastern parts of the country. They are produced on open lands and higher level of

managements is carried out.

The forest ecosystems of the SW and the south parts of Ethiopia which harbor the wild coffee are

disappearing at an alarming rate due to deforestation and land use change (Paulos and Demel,

2000; Taddesse et al., 2001). Deforestation is estimated at 10,000 ha/year in the coffee growing

areas in the southwest Ethiopia (Taddesse et al., 2002). There are only few fragmented natural

forest areas remaining with wild coffee in Ethiopia. The following areas are important wild

coffee areas in Ethiopia (Demel, 1999: Paulos and Demel, 2000; Taddesse, 2003): (1) Geba-

Dogi/Yayu (2) Boginda-Yeba, (3) Berhane-Kontir, (4) Amora Gedel, (5) Dawo Tobi, (6)

Mankera, (7) Maji, and (8) Bale Mountains.

2.3. Genetic diversity of C.arabica

The world coffee industry is based on a very narrow genetic base of C. arabica as it is originated

from few base-line individuals. These are represented by the two base line varieties, typica and

Bourbon, and some cultivars and mutations derived from them (Anthony et al., 2001). Currently,

three cultivars are grown worldwide: cv. Mundo Novo, a Bourbon and Typica hybrid, cv. Caturra,

a Bourbon mutant with short internode length, and cv. Catuaia Caturra and Mundo Novo hybrid.

These cultivars are high yielding and produce a high quality beverage. However, breeding

programs are limited by the very narrow genetic base, especially in improving pest and disease

resistance (Van der Graff, 1981). The narrow genetic base can lead to production and economic

loss to a country. For example, Sri Lanka was forced to totally abandon coffee production in

1869 because of production loss by coffee leaf rust disease.
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A genetic alternative to breeding limitations exists in the spontaneous and subspontaneous

genotypes collected in the Ethiopian highlands (Mesfin, 1991; Lashermes et al., 1996). Many

biologists who visited Ethiopia in the 1960s and before observed the presence of high phenotypic

variability among the wild coffee populations and landraces (Sylvain, 1955; Meyer, 1965; van

der Graff, 1981). The wide genetic diversity in Ethiopia warrants the availability of large gene

pools having desired characteristics for improvement of the crop and disease and pest resistance

(Demel, 1999; Paulos and Demel, 2000). The diversity is represented by different forms of

landraces and wild types that are uniquely adapted to different agro-ecologies and resistant to

coffee diseases and pests. There are many varieties that are resistant to coffee berry disease (CBD)

and other diseases and pests (Van der Graff, 1981). Although there was greater production loss

by CBD in the years from 1971-78, coffee production did not stop due to the presence of resistant

varieties (Mesfin and Bayetta, 1984; Mesfin, 1991).

The existence of wide genetic diversity of C. arabica in Ethiopia, as compared to cultivars, was

confirmed by both phenotypic/morphological and recently molecular markers. However, most of

these studies were carried out on materials collected and stored in field genebanks out of Ethiopia

(Carvalho et al., 1969; Orozco-Castillo et al., 1994; Lashermes et al., 1996; Montagnon and

Bouharmont, 1996; Anthony et al., 2001, 2002). Wild and cultivated coffee from Ethiopia was

classified according to their geographic origin (i.e. southwestern and south/southeastern Ethiopia)

using agro-morphological observations (Montagnon and Bouharmont, 1996). The two base line

varieties for the cultivated materials are also morphologically distinct from each other. Bourbon-

derived cultivars are characterized by a more compact and upright growth habit, higher yield and

better cup quality than the typica-derived cultivars (Carvalho et al., 1969).
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Some recent investigations on materials in field genebanks, using molecular markers, showed

that accessions from SW Ethiopia have greater genetic variability than cultivars (Orozco-Castillo

et al., 1994; Lashermes et al., 1996; Anthony et al., 2001, 2002). Polymorphism among the

subspontaneous accessions was much higher than among the cultivated accessions (Anthony et

al., 2001). The polymorphism was very low within the genetic bases of cultivars, confirming the

historical documentation on their dissemination. The results enabled a discussion of the genetic

diversity reductions that successively occurred during the dissemination of C. arabica from its

primary center of diversify, SW Ethiopia (Anthony et al., 2002). The schematic representation of

the Ethiopian and the cultivars is shown in Figure 2. Wider genetic variability exists in Ethiopian

materials as compared to the world wide cultivated cultivars.

In general it is confirmed that C. arabica, as compared to other coffee species, is characterized by

a low genetic diversity. This is attributed to the recent evolution of the species by allopolyploidy

and its predominantly self pollinating nature (Lashermes et al. 1996). Restriction fragment

polymorphism (RFLP) analyses (Lashermes et al. 1996) and Random amplified fragment

polymorphism (RAPD) analysis (Lashermes et al., 1993; Anthony et al., 2001) indicate a rather

low levels of polymorphism among C. arabica accessions. However, genetic diversity, as

expressed by the number of markers detected, and polymorphism appeared
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Figure 2. Schematic representation of the main steps in the history of coffee cultivation and the genetic
diversity of Arabica coffee population of southwest Ethiopia, compared to cultivated population abroad
(Anthony et al., 2002)

to be higher among accessions derived from collections of sub-spontaneous (forest coffee

ecosystem) from Ethiopia as compared to Bourbon and Typica-derived accessions and Yemen

cultivars (Anthony et. al, 2001). But these analyses did not detect within collection

polymorphism. High level of polymorphism among subspontaneous materials of Ethiopia was

also confirmed by AFLP and SSR analyses (Anthony et al., 2002).
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AFLP markers were used to assess polymorphism between and within Typica- and Bourbon-

derived accessions and Yemen cultivars (Anthony et al., 2002). Their relationship with wild

material was defined analyzing accessions derived from subspontaneous trees collected in the

center of origin of the species. Microsatellite loci were used to confirm the structure of the

genetic diversity detected by the AFLP markers and to compare the polymorphism within the

genetic groups. The results indicate that wild materials have larger polymorphism followed by

Yemen-derived cultivars and Typica- and Bourbon-derived cultivars have the lowest genetic

diversity as seen in Figure 2.

Recent molecular studies of the genetic variability among wild coffee in Ethiopia indicated the

existence of moderate level of polymorphism among and within populations of wild coffee

(Esayas, 2006; Kassahun et al, in press). Inter-simple sequence repeat (ISSR) marker separated

wild materials from their respective landraces with the wild materials having larger variability

(Kassahun et al., in prep.). These two studies using molecular markers such as RAPD (Essays et

al., 2003), ISSR (Esayas, et al., 2005; Kassahun et al., in prep), ISTR (Esayas et al., 2005) and

SSRs (Esayas, 2006) are the first genetic diversity studies of wild coffee in Ethiopia. These

studies found moderate amount of genetic diversity within and between wild C. arabica

populations from different geographic regions (interregional analysis) in the country. The results

also indicated high levels of intraregional diversity and coffee plants of a single plot are usually

related closest, indicating hierarchical-geographical patterns. In general, intraregional (e.g. within

Yayu) genetic diversity was found to be high, compared to interregional differences.
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Although the above studies showed higher diversity within regions than between regions, only

limited numbers of samples per region was used (less than 15 per region). To know the amount

of diversity and its distribution between different plots of a region, the use of large number of

samples from different plots is required. Such detailed analysis, using efficient marker systems,

at a regional stage is a crucial step for in situ conservation and breeding purposes and also to

manage the genetic diversity. Therefore, the present study aims at conducting the analysis

among wild C. arabica in one of the CoCE regions: Yayu(Geba-Dogi) forest.
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3. DNA-based MMmolecular markers

With the development of new molecular biology techniques such as restriction digestion,

polymerase chain reaction (PCR), southern blots and hybridization and others, to manipulate

DNA many DNA-based molecular markers have been and are being developed (Karp et al., 1997;

Parker et al., 1998; Wolfe and Liston, 1998; Karp, 2002). DNA polymorphisms can be detected

in nuclear and organellar DNA, which is found in mitochondria and chloroplasts (Parker et al.,

1998). Molecular markers concern the DNA molecule itself and as such, are considered to be

objective measures of variation. The diverse arrays of molecular markers have become available

for high-resolution (even to the level of detecting single nucleotide mutations) genetic studies of

population-level processes. DNA-based markers have several advantages over protein-based

markers (Dowling et al., 1996; parker et al., 1998). For example, one can find DNA in nearly all

cells of all organisms and can recover it from both dead and living tissues, tissues can be easily

stored under field conditions, and in most cases very small amount of DNA (in nanograms) can

be used (Parker et al., 1998). Furthermore, it covers the whole genome including both coding and
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noncoding regions. In addition, the methods are, for the most part, general to any type of DNA

and genotype rather than phenotype is assayed (Dowling et al., 1996).

Many different types of DNA molecular markers with different properties exist, each with its

own advantages and disadvantages. However, the following features characterize a good

molecular marker (Karp et al, 1997):

1. Polymorphic- a molecular marker has to be variable among individuals. The degree of

polymorphism detected depends on the technology used to measure it. It also depends on stores

of genetic variability maintained by several factors.

2. Reproducible- a molecular marker needs to be reproducible in any laboratory experiment,

whether within experimental events in the same laboratory or between different laboratories

performing identical experiments.

3. Codominant. Depending on the type of application, the selected technology must be able to

distinguish between homozygotes and heterozygotes, i.e., it has to be codominantly inherited.

A heterozygous individual shows simultaneously the combined genotype of the two

homozygous parents. Some markers such as RAPD, ISSR and AFLP are dominantly inherited

and do not distinguish between homozygotes and hererozygotes (Table 1).

4. Wide genome coverage and even distribution throughout the genome. The more

distributed and dense genome coverage is, the better the assessment of polymorphism.

5. High discriminating power- a good genetic marker has to be able to detect differences

between closely related individuals.

6. Not subject to environmental influences. Unlike the case of protein markers a DNA marker

should not be influenced by environment and the developmental stage of the individuals

under investigation.
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7. Neutral. The allele present at the marker locus is independent of, and has no effect on, the

selection pressure exerted on the individual. This is usually an assumption, because no data

are usually available to confirm or deny this property.

8. Inexpensive. Easy, fast and cheap in detecting across numerous individuals. If possible, the

equipment should be of multipurpose use in the experiment.

In general, the most appropriate molecular marker is the one that show high-resolution i.e., the

one that produces a large number of alleles at a single locus and/or many loci with two or more

common alleles are better, with a minimum amount of effort and expense. However, there is no

single molecular marker that fulfils the above requirements. Thus many authors suggest the use

of more than one type of molecular markers in a single experiment (Karp et al., 1997).

The choice of a method depends on the level of genetic variation required for a particular study

and the amount of effort and expense required (Parker et al., 1998). Each molecular marker has

its advantages and drawbacks. Therefore, application of molecular marker techniques to diversity

questions must take into account whether or not the data derived from a technique provide the

right type of information for answering the question being addressed (Karp et al., 1997; Karp,

2002). This in turn depends on the taxonomic levels of the material being studied (different

species, subspecies, populations, cultivars and individuals). The closer the relationship of the

materials to be studied, the more necessary it may be to consider highly discriminatory

techniques. Besides, the choice of appropriate molecular markers also depends on the

accessibility and cost effectiveness of the marker techniques. Depending on whether PCR is

involved or not molecular markers can be divided into two groups: PCR-based and non-PCR

based techniques.
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3.1. Non-PCR based markers

Plant DNA polymorphism assays include sequencing of a known region of a genome; non-PCR-

based DNA and PCR-based DNA markers (Dowling et al., 1996; Karp et al., 1997). The two

main non-PCR based technologies are Restriction Fragment Length Polymorphism (RFLP) and

Variable number of Tandem Repeats (VNTRs). In restriction fragment length polymorphism

(RFLP) analysis, the DNA is digested with restriction enzymes and the resultant fragments are

separated by gel electrophoresis (Dowling et al., 1996; Parker et al., 1998). The restricted DNA

fragments are then transferred to a filter by Southern Blotting (Karp et al., 1997). Specific
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Table 1. Comparison of the major techniques for identification of plant genetic diversity. Proteins
(Isozymes) are also included for comparison

Markers Number of loci Codom
inant

Polymorphi
sm

Locus
specificity

Technicalit
y

Cost

AFLP Unlimited No High No Medium Medium
Isozymes <90 Yes Low Yes Low Low
ISSR Unlimited No High Yes Low/Medi

um
Low/Medium

RAPD Unlimited No Medium No Low Low
RFLP Unlimited Yes Medium Yes High Medium
Sequencin
g

Unlimited Yes High Yes/No High High

SNP Unlimited Yes Very High Yes High High
SSR Unlimited Yes Very High Yes Lowa Lowa

a When microsatellites have already been identified and primers designed.

Taken and modified from a module prepared by IPGRI and Cornell UniversityUniversity (, 2003.

probe/enzyme combinations will give highly reproducible restriction fragment patterns for a

given individual, but variation between individuals can arise when mutations alter the sequence

in the restriction sites, thus preventing the enzyme from cutting, or the DNA sequence in the

fragment lengths between them, by the creation of new restriction sites, or the insertion or

deletion of base pairs resulting in an alteration of the fragment length between the sites (Karp et

al., 1997). RFLPs are highly reproducible and inherited in a codominant manner (Table .1). The

main disadvantages of the RFLP analysis include finding probes that can detect polymorphisms

at the cultivar or population level in some species, RFLPs are time-consuming and they are not

easy to automate. RFLPs require high quantities of good quality DNA, e.g. 10 µg per digestion

(Devarumath et al., 2002).

Variable number of tandem repeats (VNTR) are hypervariable, tandemly repeated regions of

DNA interspersing the genome of higher organisms (Tautz, 1989; Parker et al., 1998). There are

two classes of VNTRs: microsatellites, or simple sequence repeats (SSRs), where the basic repeat
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unit is around 2-8 base pairs in length, and minisatellites for longer repeat units of around 16-100

base pairs (Wolfe and Liston, 1998). The length of the basic units differs from author to author.

Hybridization to restricted DNA with micro- or minisatellite probes gives multilocus patterns,

which can resolve variation at the levels of populations and individuals (Dowling et al., 1996).

The variation results from changes in the number of copies of the basic repeat and is often

referred to as Variable Number of Tandem Repeats (VNTRs). Both of them have high rate of

mutation, 1/100 per gamate per generation (Dowling et al., 1996).

3.2. PCR-based DNA markers

With the development of the polymerase chain reaction (PCR), many PCR-based DNA molecular

techniques have been, and still are being developed for plant genome analysis (Weber and May,

1989; Dowling et al., 1996; Karp et al., 1997; Parker et al., 1998; Wolfe and Liston, 1998; Karp,

2002; Rao, 2004). The techniques could be categorized into two main groups: arbitrary (or semi-

arbitrary) primed techniques and site-targeted PCR techniques (Karp et al., 1997). Techniques in

the first category use single primers which are designed arbitrarily/or semi-arbitrarily, i.e.,

without the knowledge of flanking sequence of the region to be amplified. These techniques

include Random Amplified Polymorphic DNA (RAPD) (Welsh and McClelland, 1990; Williams

et al., 1990), AFLP (amplified fragment length polymorphism) (Vos et al., 1995), ISSR (inter-

simple sequence repeat) (Zietkiewicz et al., 1994). These are also called multi-locus approaches.

Techniques in the second category depend on primers that target a single known site, such as a

gene (Karp et al., 1997; Wolfe and Liston, 1998). These are alternative approaches to multi-locus

profiling. PCR-DNA sequencing, sequence-tagged microsatellite (STMs), thermal gradient gel

electrophoresis (TGGE), denaturing gradient gel electrophoresis (DGGE), cleaved amplified
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polymorphic sites (CAPS), single-strand conformational polymorphisms (SSCP), are important

examples of these category (Dowling et al., 1996; Karp et al., 1997; Wolfe and Liston, 1998).

Since, they give information on a single locus, they are particularly important when information

is required on gene frequency or genealogical information for genetic diversity management and

when information on heterozygosity is required (Karp, 2002).

3. 3. Inter-simple sequence repeats (ISSRs) Markers

Inter-simple sequence repeat (ISSR) is a an alternative technique to study polymorphism based

on the presence of microsatellites throughout genomes (Zietkiewicz et al. 1994; Ramesh et al.,

1995; Nagaoka and Ogihara, 1997; Wolfe and Liston, 1998; Devarumath et al., 2002). ISSRs are

regions found between Simple Sequence Repeats (SSRs) or microsatellite repeats. Microsatellites

are present in both coding and non-coding regions and are usually characterized by a high degree

of length polymorphism (Tautz, 1989). The technique is based on PCR amplification of DNA

segments present at an amplifiable distance between two identical microsatellite repeat regions

that are oriented in opposite direction by using a single primer (Wolfe and Liston, 1998) (Figure.

3). ISSR-PCR bands are very reproducible, as compared to RAPDs ,

abundant and polymorphic in plant genomes.

The primers are usually 16–25 base pair long and are developed from within the SSRs

themselves with or without a 5'-or- 3' anchor sequence [e.g., 5'-AA (CG) 6 -3', 5'-(AGC)4-GC-3'].

The anchors are useful to guarantee locus-specificity to the inter-repeat region only. The

microsatellite repeat motifs used as primers can be di-nucleotide, tri-nucleotide, tetra-nucleotide

or penta-nucleotide. Because of the known abundance of repeat sequences spread all over the
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genome, this single primer PCR reaction targets multiple genomic loci to amplify mainly the

inter-SSR sequences of different sizes (Figure 32).

The high reproducibility of ISSR markers is possibly due to the use of longer primers as

compared to RAPD, which permits the subsequent use of a high annealing temperature (45–60°

C) leading to higher stringency. The amplified products are usually 200-2000 bp long and

amenable to detection by both agarose and polyacrylamide gel electrophoresis and can be

detected with ethidium bromide, silver staining and/or radioisotopes.

The sources of variation in ISSR markers could be: (1) mutations at the priming site (SSR),

which could prevent amplification of a fragment as in RAPD markers and thus give a

presence/absence polymorphism; (2) an insertion/deletion event within the SSR region or the

amplified region would result in the absence of a product or length polymorphism depending on

the amplifiability of the resulting fragment size (Zietkiewicz et al. 1994; Wolfe and Liston, 1998).

The ISSR marker technique has several advantages and disadvantages. Some of the advantages,

in addition to reproducibility as mentioned above, include relative technical simplicity and quick

typing because it does not require prior sequence information, identification of significant level

of variation, variation within unique regions of the genome may be found at several loci

simultaneously, microsatellite sequence specificity and its very useful for DNA profiling. As a

result of these advantages and their universality and easiness of development

(no need to sequence data), ISSR markers are more and more requested

(Abbot, 2001; Bornet and Branchard, 2004; Sudupak, 2004). ISSR markers were
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shown to be efficiently used to study genetic differentiation of the Coffea species and to identify

the parentage of Coffea interspecific hybrids
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Figure 3. DNA fragments flanked by SSRs (individual 1 and 2) are amplified using a SSR primer (Green
arrow). Length polymorphisms that are caused by insertions or deletionds (red mark) in different individuals
lead to PCR fragments (blue lines) varying in size

(Ruas et al, 2003) and to study their genetic diversity (Esayas et al, 2005; Kassahun et al, in

press).

The technique is not without limitations. For instance, there is the possibility, as in RAPD, that

fragments with the same mobility may originate from non-homologous regions, which can

contribute to some distortion in the estimates of genetic similarities (Sanchez et al., 1996). In

addition since the marker is dominant heterozygote cannot be distinguished from homozygote.

The use of polyacrylamide gel electrophoresis and detection with silver staining or radioisotopes

are also disadvantages.
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Therefore, the present study used one of the molecular techniques known as

inter-simple sequence repeat (ISSR), discussed in other sections, to assess the

genetic variability and structure of four populations of forest C. arabica L. in



33
IIIIV

Yayu (Geba_Dogi) forest. Yayu is one of the few natural forests remaining

with wild C.arabica L. populations in the SW Ethiopia proposed for in situ

coffee gene reserve (Demel et al., 1998; Gole, 2003). These proposals were

made on the basis of some preliminary surveys of the area (Demel et al., 1998)

and on the basis of vegetation ecology studies (Gole, 2003). Hitherto, there are

no detailed studies carried out on the genetic diversity and structure of the

coffee populations in the forest using molecular markers. The present study

was aimed to cover this gap to some extent.

2. Objective of the Study

2.1. General objectives

To design effective conservation strategy and thereby to identify sites with

high diversity estimate, prior characterization of the existing wild coffee

populations is important. The identification of these sites has paramount

importance for germplasm collection mission and appropriate in-situ site

selection.
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In general, the objective of this study was to characterize the genetic variation

that exists within and among the coffee populations in Yayu forest and based

on the results suggest areas of priority for conservation(both in-situ and ex-situ)

and use of the genetic resources.

The knowledge of the genetic diversity and relationship available in

Coffea collections is important for planning breeding strategies,

identification of interspecific hybrids, and for germplasm

conservation (Ruas et al., 2003).

2.2. Specific Objectives

The specific objectives of this study was:

1.To investigate the genetic diversity within- and among-populations of C.

Arabica L. in Yayu forest and how the diversity is distributed.

2.To generate information for ex-situ conservation collection and target wild C.

arabica populations for in-situ conservation.

3. To generate information for further improvement of C.arabica L.
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1. to identify populations/plots (four in number) for characterization of

genetic variability.

2. to collect leaf samples from about twenty-five individuals for DNA

extraction.

3. to isolate DNA from each sample and analyze with simple sequence repeat

(SSR) primers using Polymerase chain reaction(PCR) for further running on

gel.

4. to score the ISSR fragments and analyze population genetic diversity.

5. to compare individual level and population level genetic diversity from the

results.

6. to suggest conservationists on areas of priority for management of coffee

gene pool in the forest.

1.2. Literature Reviews

232323

1.232. 1. Ethiopia as a Centre of Origin and Diversification of C. Arabica 23.L.

Ethiopia is the center of origin of several cultivated crops such as sorghum, tef, noog, chickpea,

and C. arabica L.largely represented in the country by landraces and wild types that are uniquely
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adapted to, genetically diverse forms of these crops. Ethiopia is widely believed to have been the

center of origin and proliferation of C. arabica L. (Wellman, 1961; Meyer, 1965; Purseglove,

1968; Friis, 1979). It occurs naturally in forests of Ethiopian highlands of SW Ethiopia between

4,500-6,000fts (Purseglow, 1968) and also native to the Boma plateau of Sudan and Mount

Marsabit in N. Kenya (Friis, 1979: Anthony et al., 2001). Today the species is cultivated in most

of the tropical countries of the world and it is distributed to these regions via Arabia (Currently

Yemen). It is not clearly known when Arabica coffee is taken from Ethiopia to Arabia. Wellman

(1961) considers the first introduction was about A.D. 575, but Haarer (1962) cited in

Purseglouew (1968) states the absence of reputable evidence of coffee in Arabia during the 13th

century. However, it is clear that it has been cultivated in Yemen for at least five centuries, since

the 15th century when the discovery of brewing coffee was made (Purseglouew, (1968).

The Dutch introduced variety typica now called C.arabica var. arabica into Java in 19690 and

subsequently in 1699 and spread to South East Asia about 1700(Wellman, 1961). A single plant

was taken from Java to the Amsterdam Botanic Garden in 1706 whose vigorous-progeny was

taken to Paris in 1713. From Amsterdam the progenies were taken to Surinam in 1718, then to

Cayenne in 1722(by the French) and then to Brazil in 1727. Progeny from Paris plant were sent

to Martinique about 1720 from where it was taken to Jamaica in ten years later, where it gave rise

to the cultivar 'Blue Mountain'. From these two sites (Amsterdam and Paris) the variety spread to

Caribbean and Central and South America. Originated from a single tree, 'typica' coffee, which

still predominate the Latin America, has a very low genetic variability.
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The variety was taken also to India and Ceylon (towards the end of the 17th century), Philippines

in1740, and to Hawaii in 1825. The French also took it to their African territories, such as

Uganda in 1900.

Another variety commonly called 'Bourbon', which occurs sub spontaneously in Ethiopia,

appears to have been taken by the French to Bourbon Islands (now Reunion) about 1718 from

unknown source. Progenies from this introduction were taken to the New world and other parts of

the world including Africa.

23

Ethiopia has got wide genetic diversity of Arabica coffee and this diversity warrants the

availability of large gene pools having desired characteristics improvement of the crop and

disease and pest resistance (Paulos & Demeil, 1999).

Arabica coffee (C. arabica) is the only coffee species occurring in Ethiopia and it is

geographically isolated from the rest Coffee species and is naturally restricted to two isolated

mountain forests on the western and eastern sides of the Great Rift Valley in the southern

Ethiopia (TadesseGole et al., 2002). There are wild and cultivated types of C. arabica in Ethiopia

grown generally under four different production systems; Forest, semi-forest, garden and

plantationWorkafes & Kassu, 1999; . Wild populations of C. arabicaarabica are under the

forest production system and grow naturally in the undergrowth of the montane rain forests in

southwest and Eastern part of Ethiopia at altitudes between 1,400 and 1,900 m. (Gole et al. 2001).

This forest is part of a natural forest ecosystem and it represents 9% of total land covered by

coffee and the production system contributes about 5-6% of the total coffee production in the

country.
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out.

out. Despite the importance of the Ethiopian forests and coffee production systems for the

conservation and use of coffee genetic resources and other forest biodiversity, they are

disappearing at an alarming rate due deforestation and land use change. Deforestation is

estimated at 10,000 ha/year in the coffee growing areas in the southwest Ethiopia (Tadesse et al.,

2002).

Taxonomy, Reproductive biology and Morphology ofMorphology of C. arabica

Taxonomy

Taxonomically, C. arabica L. belongs to genus Coffea L., which in turn belongs to a large family of flowering plants,

Rubiaceae (Wellman, 1961; Charrier and Berthaud, 1985). A. de Jussieum made the first botanical description of a

coffee tree in 1713 under the name of Jasminum arabicanum laurifoliol by studying a single plant originating from

the botanic garden of Amsterdam. However, in 1737 C. Linnaeus classified it as a separate genus Coffea L. with the

then only one species known, C. arabica L. However, since the second half of the nineteenth century many new

species of Coffee have been discovered by exploration of tropical forests of Africa, where most of the species are

found.

The taxonomy of the genus is very much confused as many new species are being discovered. The number of species

described under the genus varies from author to author, ranging from 60 to 100 (Bridson and Verdcourt, 1988; Coste,

1992). Although the taxonomy is not settled, the genus is classified into sections and subgenera by different authors

based on different criteria. For example, Chevalier, (1947) cited in (Charrier and Berthaud, 1985) classified the
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genus in to four sections namely Argocoffea, Paracoffera, Mascarocoffea and Eucoffea. He also further classified the

sections into subsections. Sections Eucoffea (more correctly Coffea) and Mascarocoffea include most of the

presently known coffee species. Leroy (1980) classified the genus into two subgenera as subgenus Coffea and

subgenus Baracoffea based on growth habit (monopodial vs. sympodial) and type of inflorenscece (axillary vs.

terminal). However, the first two sections are excluded from the genus by Leroy (1967) cited in (Charrier and

Berthaud, 1985).

All the caffeine-containing coffee trees belong to subgenus Eucoffea that probably originated from central and east

Africa centers and differentiated in to different species such as C. arabica L. from Ethiopia, C. eugenioides from

Kenya and C. canephora as well as C. liberica from West Africa. Some other species like C. congensis and C.

excelsa come from the Central African Republic (Berthou, 1983).

Morphology and reproductive biology of C. arabica

Coffea arabica is a shrub or small tree, and if untended, it may reach a size of 4 to 5 meters. The plant has a

dimorphic habit of branching in which vertical (orthotropic) branches form horizontal (plagiotropic) branches, which

bear the flowers and the fruits in clusters. Flowers of C. arabica with short corolla, long style and exerted stamen are

typical of the genus Coffea. Inflorescences develop from serial buds mainly on horizontal branches. Each

inflorescence normally carries one to five flowers. The flowers have a short pedicel and a rudimentary calyx. The

petals are fused and form corolla with five lobes. The pistil consists of an inferior ovary and a long style with two

stigmatic lobes. The ovary is bilocular each with one anatropous ovule. Flower initiation occurs after sufficient

rainfall following a dry period. The total period of flowering is normally not more than three days with the majority

of flowers opening on the first and the second day. Pollen shedding starts very soon after opening of the flowers

early in the morning and the stigma is then receptive. Flowers wither in one or two days after pollination. It takes six

to eight months from flowering to fruit ripening.
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The coffee fruit usually contains two seeds. Ripe fruits have a thick fleshy mesocarp (pulp)andpulp) and a hard

endocarp (parchment). In addition, each seed is enveloped in a silver skin (testa), which is a remnant of the

integument (perisperm). The tough endocarp is to protect the seed from digesting enzyme activities in the gut of

frugivores such as birds and mammals. The fleshy, sugar containing mesocarp and the vivid coloration due to

anthocyanins of the exocarp act as a reward and to attract the dispersing animals, respectively (Aga, 2006).

The coffee bean consists of an endosperm and small embryo embedded at the basal end of the seed. There is no seed

dormancy in coffee, and seed viability is normally lost within three to six months after harvesting. The coffee seed is

recalcitrant, but it is possible to preserve the viability for up to two and half years when coffee seeds at moisture

content of 41% is stored at 15° C (Van der Vossen, 1979).

The floral morphology of C. Arabica would permit natural cross-pollination, but nevertheless, C. arabica is largely

autogamous, and fruit set after self-pollination is 60% or higher (Carvalho et al., 1969). Most studies on the degree

of natural cross-pollination were carried out on cultivars of C. arabica, which underwent many cycles of selection.

Using the recessive marker genes Cera (Yellow endosperm) and Purpurascens (purple leaves) Van der Vossen (1974)

in Kenya found 7 to 15 percent of natural cross-pollination in C. arabica. Most diploid species of Coffea have proved

to be highly self-incompatible,andincompatible, are



1
IIIIV

The genome of C. arabica is tetaploid ( 2n=4x=44). Recent investigations established that C. arabica L. is formed by

natural hybridization between two closely related diploid species, C. canephora and C. eugenioides (Lashermes et al,

1999). C. arabica is mainly autogamous (inbreeding), although the floral morphology would permit natural cross

pollination. It has short corolla, long style and exerted stamens (fig.). Studies made on wild populations of C.

arabica in Ethiopia showed variation in the degree of self fertility, the rate of cross pollination ranging from 40-60

percent (Meyer, 1965, cited in Charrier & Berthud, 1985). Mixed mating is known to cause more genetic variability

within populations and is a potential for different ion, depending on the level of selfing and may vary in time, in the

genetic structure of among populations (Loveless & Hamrick, 1984).

23

Genetic diversity of C. arabica L.

Genetic diversity refers to the variation of genes within species, that is, the heritable

variation within and between populations of organisms. . In the end, all variation resides in

the sequence of the four base pairs that compose the DNA molecule and, as such, constitute

the genetic code. Other kinds of genetic diversity can also be identified at all levels of

organisation in the nucleus, including the amount of DNA per cell, chromosome number

and DNA structure.

The generation of new Ggenetic variation is affected by life history and evolutionary forces

such as selection, mutation, recombination and genetic dirift (Karp et al., 1997; Tan and tan,

2002). occurs continuously in individuals through chromosomal and gene mutations, which,

in organisms with sexual reproduction, are propagated by recombination. Genetic variation

is also influenced by selection. The consequences of these phenomena are changes in gene

and allele frequencies that account for the evolution of populations. Similar situations can

occur through artificial selection such as breeding.
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Plant genetic resources comprise the present genetic variation that is potentially useful for

the future of humankind. These resources include traditional varieties, landraces,

commercial cultivars, hybrids, and other plant materials developed through breeding; wild

relatives of crop species; and others that could be used in the future for either agriculture

or environmental benefits. Hence, plant genetic resources should be

conservedConserved, with the ultimate reason being to eventually use them as a source of

potentiallyPotentially useful genetic variation.

Methods of Detecting Genetic Diversity

Study of genetic diversity is the process by which variation among individuals or groups of

individuals or populations is analyzed by a specific method or a combination of

methods(Rao,2004). Diverse data sets, often involving numerical measurements, are used in

genetic diversity studies of plants. The genetic diversity analysis may be made at different

levels: individual genotypes such as inbred lines or pure lines or clones, populations,

germplasm accessions, and species.

This section deals with the different methods of genetic diversity study, starting with the

general overview of the methods followed by their use in study of C. arabica L.

Methods of measuring genetic diversity (variation)

To conserve and use genetic variation, it should first be assessed, that is, the extent and its distribution need to be

determined. Variation can be evaluated on the phenotypic and genotypic levels..Assessment of phenotypic

variation focuses on morphological traits—those characteristics that define the shape and

appearance of a set of individuals. Some of these traits can be considered as ‘genetic’ if
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their presence in related individuals is heritable and not dependent on the environment,

meaning that they are associated with a particular DNA sequence. Assessment of genotypic

variation is at the level of the DNA molecule responsible for transmitting genetic

information. The DNA molecule is composed of nucleotides, which are organized in a

double-helix configuration in increasing levels of complexity up to the chromosomal units.

The different methods for detection of genetic diversity may include morphological

characteristics, molecular markers and even karyotypic variations. Each approach has its

own advantages and disadvantages and each data set provide different types of information

and differ in scopes of studying objectives analysis costs. The choice of analytical method(s)

depends on objective(s) of the study, the level of resolution required, the resources and

technological infrastructure available, and the operational and time constraints. Thus,

careful planning is needed for choosing a suitable method before carrying out research on

genetic diversity. The sections below deal with some of the relevant methods.

Genetic Marker

A genetic marker is a measurable character that can detect variation in either a protein or

DNA sequence. A difference, whether phenotypic or genotypic, may act as a genetic marker

if it identifies characteristics of an individual’s genotype and/or phenotype, and if its

inheritance can be followed through different generations.

A genetic trait may not have necessarily observable consequences on an individual’s

performance. Sometimes, however, this trait may be linked to, or correlated with, other

traits that are more difficult to measure and do affect the individual’s performance. In such

cases, these unobservable genetic traits may be used as genetic markers for the linked traits
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because they indirectly indicate the presence of the characteristics of interest. The two

measures can be correlated, using an analysis of inheritance and

studying the distribution of the characteristics in both parents and offspring.

Types of genetic Markers

There are three major types of genetic markers. Morphological traits, protein (biochemical)

markers, and DNA (molecular) markers. The sections that follow describe each type briefly.

Morphological characters

Traditionally, diversity within and between populations was determined by assessing

differences in morphology. These measures have the advantage of being readily available,

do not require sophisticated equipment and are the most direct measure of phenotype, thus

they are available for immediate use, an important attribute. However, morphological

determinations need to be taken by an expert in the species, they are subject to changes due

to environmental factors and may vary at different

developmental stages and their number is limited.

Genetically based morphological characteristics were among the earliest genetic markers

used for assessment of variation and are still of great importance. They can be continuous

or discrete and may be determined by many or few genes with some input from the

environment. Thus the total phenotypic variation should be partitioned into its genotype,

environmental, and genotype-by-environment components. These characters are

inexpensive and simple to score when the characters are discrete and huge work is required
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when they are continuous. For example, assessment of morphological characters in

perennial plants such as coffee, often require a lengthy and expensive evaluation during the

whole vegetative growth (Aga, 2005).

The sharing of physical features is also often accepted as an indication of relatedness. There

are several sets of physical character assessment for different crops at different

developmental stages such as seed, juvenile, adult vegetative, flower and fruit. However,

since these sets of characters lack adequate coverage of the genome, are strongly influenced

by environmental factors, and are apparently controlled by several genes (Wang &

Tanksley, 1989) their use in genetic diversity studies is limited.

Protein-based (Biochemical) molecular markers

To overcome the limitations of morphological traits, other markers have been developed at

both the protein level (phenotype) and the DNA level (genotype). Protein markers (seed

storage proteins and isozymes) are generated through electrophoresis, taking advantage of

the migrational properties of proteins and enzymes, and revealed by histochemical stains

specific to the enzymes being assayed. Detecting polymorphisms—detectable differences at

a given marker occurring among individuals—in protein markers is a technique that shares

some of the advantages of using morphological ones. However, protein markers are also

limited by being influenced by the environment and changes in different developmental

stages (Rao,2004).

Molecular markers
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Recent developments in molecular biology such as protein electrophoresis and DNA-based

molecular markers have been replacing or complementing traditional morphological and

agronomic characterization, since they are virtually unlimited, cover the whole genome, are

not influenced by the environment, and less time consuming. Protein markers are usually

named ‘biochemical markers’ but, more and more, they are mistakenly considered as a

common class under the so-called ‘molecular markers’. Each molecular marker has its

advantages and drawbacks. Therefore, application of molecular marker techniques to

diversity questions must take into account whether or not the data derived from a

technique provide the right type of information for answering the question being addressed

(Karp et al., 1997). This in turn depends on the taxonomic levels of the material being

studied (different species, subspecies, populations, cultivars and individuals). The closer the

relationship of the materials to be studied, the more necessary it may be to consider highly

discriminatory techniques. Besides, the choice of appropriate molecular markers also

depends on the accessibility and cost effectiveness of the marker techniques.

Both protein electrophoresis and DNA-based molecular marker techniques have certain

properties in common; all involve careful extraction of molecules (proteins or DNA) and

electrophoretic separation of the molecules on a gel so that polymorphisms can be detected.

The type of genetic variation that is sampled by these methods includes allelic variation that

is in gene products (allozymes) and length variation in specific DNA fragments (Parker et al,

1998). DNA sequencing can be used for greater resolution of DNA sequence divergence.

Protein-based (Biochemical) molecular markers
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To overcome the limitations of morphological traits, other markers have been developed at

both the protein level (phenotype) and the DNA level (genotype). Protein markers are

usually named ‘biochemical markers’ but, more and more, they are mistakenly considered

as a common class under the so-called ‘molecular markers’. Protein markers (seed storage

proteins and isozymes) are generated through electrophoresis, taking advantage of the

migrational properties of proteins and enzymes, and revealed by histochemical stains

specific to the enzymes being assayed. Detecting polymorphisms—detectable differences at

a given marker occurring among individuals—in protein markers is a technique that shares

some of the advantages of using morphological ones. However, protein markers are also

limited by being influenced by the environment and changes in different developmental

stages. Even so, isozymes are a robust complement to the simple morphometric analysis of

variation.

Both enzymes and non-enzyme proteins have been used as genetic markersmarkers

(Murphy et al, 1996).. Non-enzyme proteins (in particular storage proteins) are usually

analysed by one or two dimensional polyacrylamide gel electrophoresis (PAGE) where

normally several bands or spots relating to different molecular forms of the protein are

observed. In the case of enzymes, staining based on their specific activity is usually

exploited for their detection analysis, therefore non-denaturing starch or polyacrylamide

gels are used. Differences or polymorphisms due to different molecular forms of the enzyme

but with conserved activity are detected by differential migration within the gels.

Enzymes include isozymes and allozymes.Two general forms of protein data can be

gathered simultaneously using electrophoretic methods. One is derived from Iisozymes ,
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which are all functionally similar forms of enzymes, including all polymers of subunits

produced by different gene loci or by different alleles at the same locus. AThe other data set

consists of allozymes , which are the variants of polypeptides representing different allelic

alternatives of the same gene locus (Murphy et al, 1996). Both methods involve proteins that

can be separated on the basis of net charge and size. The differences in movements may be

due either to changes at the DNA level, which causes amino-acid substitutions and changes

in charge of the protein, or post-translational modifications such as glycosylation, which

lead to changes in molecular weight. After electrophoresis, enzyme-specific stains are

applied to the gel so that the positions of different allozymes can be visualized as coloured

bands and interpretation of the electromrph bands requires thorough understanding of the

genetic basis of allelic variation for each enzyme (Murphy et al, 1996; Parker et al, 1998).

Homozygotes at a given locus typically yield one band, while heterozygotes typically yield

two, three, or five bands, depending on the quaternary structure of the enzymes.

Protein based markers have the advantages that they are relatively inexpensive and

technically simple once established for a species and also need no sophisticated equipment.

Comparable data from previous studies and a wealth of standard statistical procedures

make allozymes appealing for studies of both fine-and broad-scale genetic variation. They

are usually co-dominant making them appropriate for heterozygocity studies. However, the

main drawbacks to their use are the limited number of enzyme systems available, the use of

specific detection methods for each enzyme, and only genomic regions coding for expressed

proteins can be analysed resulting in low level of polymorphism. Although many statistical

models in population genetics assume that phenotypic differences among allozymes are
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minimal and selectively neutral, some allozymes may differ in metabolic function (Parker et

al, 1998).

DNA-based molecular markers

With the development of new molecular biology techniques such as restriction digestion,

polymerase chain reaction (PCR), southern blots and hybridization and others, to

manipulate DNA many DNA-based molecular markers have been and are being developed

(Karp et al., 1997;Palmer et al., 1998; Wolfe & Liston, 198). DNA polymorphisms can be

detected in nuclear and organellar DNA, which is found in mitochondria and

chloroplasts(Parker et al.,1998). Molecular markers concern the DNA molecule itself and as

such, are considered to be objective measures of variation.The diverse arrays of molecular

markers have become available for high-resolution (even to the level of detecting single

nucleotide mutations) genetic studies of population-level processes. DNA-based markers

have several advantages over protein-based markers. For example, one can find DNA in

nearly all cells of all organisms and can recover it from both dead and living tissues, tissues

can be easily stored under field conditions, and in most cases very small amount of DNA (in

nanograms) can be used. Furthermore, it covers the whole genome including both coding

and noncoding regions.

DNA polymorphisms can be detected in nuclear and organellar DNA, which is found in
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mitochondria and chloroplasts(Parker et al.,1998). Molecular markers concern the DNA

molecule itself and,

as such, are considered to be objective measures of variation. They are not subject to

environmental influences; tests can be carried out at any time during plant development;

and, best of all, they have the potential of existing in unlimited numbers, covering the

entire genome.

Many different types of DNA molecular markers with different properties exist, each with

its own advantages and disadvantages. However, the following features characterize a good

molecular marker (Karp et al, 1997b):

• Polymorphic, that is, it is variable among individuals. The degree of polymorphism

detected depends on the technology used to measure it.

• Reproducible in any laboratory experiment, whether within experimental events in the

same laboratory or between different laboratories performing identical experiments.

• Codominant. Depending on the type of application, the selected technology must be able to

detect the marker’s different forms, distinguishing between homozygotes and

heterozygotes (codominant inheritance). A heterozygous individual shows

simultaneously the combined genotype of the two homozygousparents.

• Evenly distributed throughout the genome. The more distributed and dense genome

coverage is, the better the assessment of polymorphism.
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• Discriminating, that is, able to detect differences between closely related

individuals.

• Not subject to environmental influences. The inference of a marker’s genotype should be

independent of the environment in which the individual lives or its

developmental stage.

• Neutral. The allele present at the marker locus is independent of, and has no effect on, the

selection pressure exerted on the individual. This is usually an assumption, because no

data are usually available to confirm or deny this property.

• Inexpensive. Easy, fast and cheap in detecting across numerous individuals. If possible,

the equipment should be of multipurpose use in the experiment.

In general, the most appropriate molecular marker is the one that show high-resolution i.e.,

the one that produces a large number of alleles at a single locus and/or many loci with two

or more common alleles are better, with a minimum amount of effort and expense.

W

The choice of a method depends on the level of genetic variation required for a particular

study and the amount of effort and expense (Palmer et al., 1998). Each molecular marker

has its advantages and drawbacks. Therefore, application of molecular marker techniques



12
IIIIV

to diversity questions must take into account whether or not the data derived from a

technique provide the right type of information for answering the question being addressed

(Karp et al., 1997; Karp, 2002). This in turn depends on the taxonomic levels of the material

being studied (different species, subspecies, populations, cultivars and individuals). The

closer the relationship of the materials to be studied, the more necessary it may be to

consider highly discriminatory techniques. Besides, the choice of appropriate molecular

markers also depends on the accessibility and cost effectiveness of the marker techniques.

The most appropriate molecular marker is the one that show high-resolution i.e., the one that

produces a large number of alleles at a single locus and/or many loci with two or more

common alleles are better, with a minimum amount of effort and expense.

Plant DNA polymorphism assays include sequencing of a known region of a genome; non-

PCR-based DNA markers such as restriction fragment length polymorphisms (RFLP) and

PCR- based DNA markers. In coffee, DNA-based molecular marker technology has already

been implemented in germplasm characterization and management, detecting genetically

divergent breeding subpopulations (for example to predict hybrid vigour), establishing gene

introgression from related species and molecular marker-assisted selection (Lashermes et

al., 1996a).

PCR-based DNA markers
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With the development of the polymerase chain reaction (PCR), many PCR-based DNA

molecular techniques have been, and still are being developed for plant genome analysis.

The techniques could be categorized into two main groups: arbitrary (or semi-arbitrary)

primed techniques and site-targeted PCR techniques (Karp et al., 1997). Techniques in the

first category use single primers which are designed arbitrarily/or semi-arbitrarily, i.e.,

without the knowledge of flanking sequence of the region to be amplified. These techniques

include RAPD (random amplified polymorphic DNA) (Welsh & McClelland, 1990;

Williams et al., 1990), AFLP (amplified fragment length polymorphism) (Vos et al., 1995),

ISSR (inter-simple sequence repeat) (Zietkiewicz et al., 1994). These are also called multi-

locus approaches,

Techniques in the second category depend on primers that target a single known site, such

as a gene.

These are alternative approaches to multi-locus profiling. PCR-DNA sequencing sequence-

tagged microsatellite (STMs), thermal gradient gel lectrophoresis (TGGE), denaturing

gradient gel electrophoresis(DGGE), cleaved amplified polymorphic sites(CAPS), single-

strand conformational polymorphisims(SSCP), are important examples of these category.

Since, they give information on a single locus, they are particularly important when

information is required on gene

frequency or genealogical information for genetic diversity management and when

iInformation on

heterozygosity is required.
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SSR (simple sequence repeat) or microsatellite (Morgante & Olivieri, 1993) and

retrotransposons based markers such as inverse sequence-tagged repeat (ISTR) (Rohde,

1996), retrotransposon-based insertion polymorphism (RBIP) (Flavell et al. 1998), inter-

retrotransposon amplified polymorphism (IRAP) and retrotransposon-microsatellite

amplified polymorphism (REMAP) (Kalendar et al. 1999).

Random amplified polymorphic DNA (RAPD)

This technique employs single primers with 10 arbitrary nucleotide sequences and at least

50% GC content. PCR products are separated on agarose gels and detected by staining

with ethidium bromide. To obtain an amplification product with only one primer, there

must be two identical or at least highly similar target sequences in close vicinity to each

other on different strands in an opposite orientation. RAPD polymorphisms can

theoretically result from several types of events: (1) insertion of a large piece of DNA

between the primer binding sites may exceed the capacity of PCR, resulting in fragment

loss; (2) insertion or deletion of a small piece of DNA will lead to a change in size of the

amplified fragment; (3) the deletion of one of the two primer annealing sites results in

either the loss of a fragment or an increase in size; (4) a nucleotide substitution within one

or both primer target sites may affect the annealing process, which can lead to a presence

versus absence of polymorhism or to a change in fragment size (Weising et al., 2005).
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The greatest advantage of the RAPD approach is its technical simplicity, paired with the

independence of any prior DNA sequence information. One obvious disadvantage that

RAPD share with other multilocus markers is their dominant nature, which limits their use

in population genetics and mapping studies (Lynch & Milligan, 1994).

Besides, RAPD is sensitive to slight changes in reaction conditions, which interfere with the

reproducibility of banding patterns between separate experiments, PCR instrumentation,

and laboratories (Ellsworth et al., 1993; Muralidharan & Wakeland, 1993; Penner et al.,

1993). This high sensitivity is at least in part a consequence of the non-stringent PCR

conditions, which are needed to allow for mismatch priming (Weising et al., 2005). An

obvious measure to enhance reproducibility is to carry out replicate experiments, and

exclude inconsistent bands from the analysis. Because reproducibility mainly depends on

appropriate optimization of PCR components, it is advisable to determine optimal RAPD

conditions empirically by performing a set of pilot experiments. Given that the outcome of

RAPD experiments is influenced by many interacting variables, complete optimization can

only be achieved if each component is tested independently and across a wide concentration

range.

Amplified fragment length polymorphism (AFLP)
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Amplified fragment length polymorphisms are DNA fragments obtained from endonuclease

restriction, followed by ligation of oligonucleotide adapters to the fragments and selective

amplification by the polymerase chain reaction (PCR). The PCR-primers consist of a core

sequence (part of the adapter), a restriction enzyme specific sequence and 1–3 selective

nucleotides. Typically two successive PCRs are performed on the restricted template, using

specifically designed primers that allow only a subset of the restriction fragments to be

amplified. In the standard procedure described by Vos et al. (1995) one of the selective

primers is radioactively labeled, the amplification products are separated on highly

resolving sequencing gels, and banding patterns are visualized by autoradiography. The

other alternative method is using non-labeled primers and visualize the bands with silver

staining technique. Polymorphisms between two or more genotypes may arise from

sequence variation in one or both restriction sites flanking a particular fragment, insertion

or deletions within an amplified fragment, and differences in the nucleotide sequences

immediately adjacent to the restriction sites. The advantages of the AFLP technology

include no need of prior DNA sequence information, and the possibility of applying high

stringency during PCR, which ensures high reproducibility of the method. Although it is a

very powerful approach, it has a number of limitations such as dominance of markers,

clustering of some markers in distinct genomic regions, limited levels of polymorphism in

some cultivated species and the requirement of good quality DNA to ensure complete

restriction (Weising et al., 2005).
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Microsatellites (simple sequence repeats) (SSR)

The simple-sequence repeats (SSRs) or microsatellite-based markers are also very

attractive for plant genetic studies as they can be efficiently analysed by rapid and simple

polymerase chain reaction (PCR) assays. Microsatellites are tandemly repeated motifs of 1-

6 bases found in all prokaryotic and eukaryotic genomes analysed to date. They are present

in both coding and non-coding regions and are usually characterized by a high degree of

length polymorphism. Microsatellites are surprisingly common in the vicinity of genes, and

tri-nucleotide repeats preferably occur in exons (Morgante et al., 2002). Slippage of DNA

polymerase during DNA replication and failure to repair mismatches is considered as a

mechanism for creation and hypervariability of microsatellites (Levinson & Gutman, 1987).

Microsatellites were widely employed in many fields soon after their first description (Litt

& Luty, 1989; Tautz, 1989; Weber & May, 1989). The large number of alleles and high level

of variability among closely related organisms made PCR amplified microsatellites the

marker system of choice for a wide variety of applications.

The popularity of microsatellite markers stems from a combination of several important

advantages, namely their codominant inheritance, high abundance, enormous extent of

allelic diversity, and the ease of assessing size variation by PCR with pairs of flanking

primers (Weising et al., 2005). The major drawback of microsatellites is the necessity of

sequence information for primer design that they need to be isolated de novo from most

species being examined for the first time. However, there is some cross species

transferability of SSRs among closely related species that can help to defray the initial

development costs (Peakall et al. 1998).
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Inter-simple sequence repeats (ISSRs)

Inter simple sequence repeat (ISSR) is an alternative technique to study polymorphism

based on the presence of microsatellites throughout genomes (Zietkiewicz et al. 1994). Inter-

simple sequence repeats (ISSRs) are regions found between microsatellite repeats.The

technique is based on PCR amplification of DNA segments present at an amplifiable

distance between two identical microsatellite repeat regions that are oriented in opposite

direction by using a single primer (Wolfe & Liston, 1998). ISSR-PCR gives multilocus

patterns which are very reproducible, abundant and polymorphic in plant

genomes. The primers are usually 16–25 base pair long and are developed from within the

SSRs themselves with or without a 5'-or- 3'anchor sequence [e.g., 5'-AA (CG) 6 -3', 5'-

(AGC)4-GC-3']. The anchors are useful to guarantee locus-specificity to the inter-repeat

region only. The microsatellite repeat motifs used as primers can be di-nucleotide, tri-

nucleotide, tetra-nucleotide or penta-nucleotide. Because of the known abundance of

repeat sequences spread all over the genome, this single primer PCR reaction targets

multiple genomic loci to amplify mainly the inter-SSR sequences of different sizes.

Inter-simple sequence repeats (ISSRs) have high reproducibility possibly due to the use of

longer primers as compared to RAPD, which permits the subsequent use of a high

annealing temperature (45–60° C) leading to higher stringency. The amplified products are
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usually 200-2000 bp long and amenable to detection by both agarose and polyacrylamide

gel electrophoresis and can be detected with ethidium bromide, silver staining and/or

radioisotopes.

The sources of variation in ISSR markers could be: (1) mutations at the priming site (SSR),

which could prevent amplification of a fragment as in RAPD markers and thus give a

presence/absence polymorphism; (2) an insertion/deletion event within the SSR region or

the amplified region would result in the absence of a product or length polymorphism

depending on the amplifiability of the resulting fragment size.

The ISSR marker technique has several advantages and disadvantages. Some of the

advantages (in addition to reproducibility as mentioned above) include relative technical

simplicity and quick typing because it does not require prior sequence information,

identification of significant level of variation, variation within unique regions of the genome

may be found at several loci simultaneously, microsatellite sequence specificity and its very

useful for DNA profiling. As a result of these advantages and their universality

and easiness of development (no needs to sequence data), ISSR markers are

more and more requested (Bornet and Branchard 2004).
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The technique is not without limitations. For instance, there is the possibility as in RAPD

that fragments with the same mobility may originate from non-homologous regions, which

can contribute to some distortion in the estimates of genetic similarities (Sanchez et al.,

1996). In addition since the marker is dominant heterozygote cannot be distinguished from

homozygote. The use of polyacrylamide gel electrophoresis and detection with silver

staining or radioisotopes are also disadvantages.

Specific Genetic diversity studies of C. arabicaArabica

The world coffee industry is based on a very narrow genetic base of the most important species C.

arabica L, as it is originated from few base-line individuals. These are represented by the two

base line varities, Typica and Bourbon, and some cultivars and mutations derived from them

(Anthony et al., 2001). Currently, three cultivars are grown worldwide: cv. Mundo Novo, a

Bourbon and Typica hybrid, cv. Caturra, a Bourbon mutant with short internode length, and cv.

Catuai, a Caturra and Mundo Novo hybrid. These cultivars are high yielding and produce a high

quality beverage. However, breeding programs are limited by the very narrow genetic base,

especially in improving pest and disease resistance (Van der Graff, 1981).

A genetic alternative to breeding limitations exists in the spontaneous and subspontaneous

genotypes collected in the centre of origin of the species, the Ethiopian highlands (Anthony et al.,

1999). Botanists and geneticists who visited Ethiopia in the 1960s and before observed the

presence of high phenotypic variability among the wild coffee populations and

landraces(sylvain,1955; Meyer, 1965; van der graff,1981; Tadesse,2003). Ethiopia has got wide

genetic diversity of Arabica coffee and this diversity warrants the availability of large gene pools
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having desired characteristics for improvement of the crop and disease and pest resistance

(Paulos & Demel, 1999).

In spite of its great economic importance of C.arabica L., relatively few studies have been

carried out on its genetics, particularly on populations in Ethiopia. However, some recent

investigations on materials in field genebanks, using molecular markers, showed that accessions

from SW Ethiopia have greater genetic variability than cultivars (Orozco-Castillo et al., 1994;

Lashermes et al., 1996; Anthony et al., 2001, 2002). Polymorphism among the subspontaneous

accessions was much higher than among the cultivated accessions. The polymorphism was very

low within the genetic bases, confirming the historical documentation on their dissemination. The

results enabled a discussion of the genetic diversity reductions that successively occurred during

the dissemination of C. arabica from its primary centre of diversiy, SW Ethiopia (Anthony et al.,

2002). The schematic representation of the Ethiopian and the world’s coffee is shown in figure 2.

Wider genetic variability exists in Ethiopian materials as compared to the world wide cultivated

cultivars.

Figure 2. Schematic representation of the main steps in the history of coffee cultivation and the genetic
diversity of Arabica coffee population of southwest Ethiopia, compared to cultivated population abroad
(Anthony et al., 2002).
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All categories of genetic diversity studies have been applied to characterize coffee genetic

diversity. However, in light of the great economic importance of coffee, so far only a limited

number of genetic studies have been carried out, both on wild populations and cultivars. , 2002

In light of the great economic importance of coffee, so far only a limited number of genetic

studies have been carried out, both on wild populations and cultivars. It is confirmed, inIn general,

that C. arabica, as compared to other coffee species, is characterized by a low genetic diversity.

This is attributed to the recent evolution of the species by allopolyploidy and its predominantly

self pollinating nature (Lashermes et al., 2000). However, genetic diversity, as expressed by the

number of markers detected, and polymorphism appeared to be higher among accessions derived

from collections of sub-spontaneous (forest coffee ecosystem) from Ethiopia as compared to

Bourbon and Typica-derived accessions and Yemen cultivars (Anthony et. al, 2001).

All categories of genetic diversity studies have been applied to characterize coffee genetic

diversity. Most of these studies were conducted on either cultivated materials or

spontaneous/subspontaneous materials that are found in the field genebanks (Carvalho et al. 1969

Orozco-Castillo et al. 1994; Lashermes et al. 1996;Anthony et al. 2001). Most of these studies

found a relatively low genetic diversity in the materials. Agro-morphological characters and,

more recently, DNA-based genetic markers have enabled the characterisation of the two genetic

bases of the cultivated material (Typica and Bourbon). Bourbon-derived cultivars are

characterized by a more compact and upright growth habit, higher yield and better cup quality

than the Typica-derived cultivars (Carvalho et al. 1969). Wild and cultivated coffee from

Ethiopia was classified according to their geographic origin (i.e. southwestern and
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south/southeastern Ethiopia) using agro-morphological observations (Montagnon and

Bouharmont 1996).

Some attempts to characterize C. arabica germplasm using a number of enzyme systems revealed

no polymorphism (Aga et al, 2006).

Recently a number of DNA-based molecular markers have been used to characterize coffee and

to distinguish cultivated and wild types. Random amplified polymorphic DNA (RAPD) markers

have shown a distinction between cultivated and wild material (Lashermes et al. 1996;Anthony;

Anthony et al. 2001). The application of AFLP markers on coffee has proven to be effective in

detecting introgression fragments in lines and derivatives of a spontaneous interspecific hybrid (C.

arabica X C. canephora) (Lashermes et al. 2000).

Eleven microsatellite loci were recently identified in coffee, of which six were polymorphic

within C. arabica (Combes et al., 2000). AFLP markers were used to assess polymorphism

between and within Typica- and Bourbon-derived accessions and Yemen cultivars (tThe origin of

cultivated Coffea arabica L. varieties revealed by AFLP and SSR markers, (Antony et al., 2002).

Their relationship with wild material was defined analysing accessions derived from sub

spontaneous trees collected in the center of origin of the species C. arabica. Microsatellite loci

were used to confirm the structure of the genetic diversity detected by the AFLP markers and to

compare the polymorphism within the genetic groups.

Inter-simple sequence repeat (ISSR) markers were also shown to be efficiently used for genetic

differentiation of the Coffea species and to identify the parentage of Coffea interspecific hybrids

(Ruas et al, 2003) an d to study their genetic diversity (Aga et al, 2006; Tesfaye et al, submittedin
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press).These two studies using molecular markers such as RAPD (Essays et al., 2003), ISSR

(Essayas, et al., 2005; Kassahun et al., submitted), ISTR( Esayas et al., 2005) and SSRs( Esayas

et al., submitted) are the first genetic divestity studies of wild coffee in Ethiopia. These studies

found moderate amount of genetic diversity within and between wild C. Arabica populations

from different geographic regions (Interregional analysis) in the country.

wild , (wild,)is also done recently Kassahu et al.,Tesfayeet alsubmitted. differentiation between wild plants and

landraces and cultivarsThe results also show high levels of intraregional diversity and coffee plants of a single plot

are usually related closest, indicating hierarchical-geographical patterns.Di-and tetra nucleotide SSR-primers were

used for amplification. Six dinucleotide primers are completely coded and analyzed and results show extremely

different levels of genetic diversity within regions.,iswas found to be

Although the above studies showed higher diversity within regions than between regions, only limited numbers of

samples per region was used(used (less than 15). To know the amount of diversity and its distribution within regions,

the use of large number of samples from different plots is required. The remaining potential genetic diversity of

forest coffee in Ethiopia, Such detailed analysis, using efficient marker systems, at a regional stagewhichii.,still

requires detailed study using efficient marker systems before it is lost forever. Therefore, more detailed genetic

diversity analyses of wild C. arabica both at interregional and intraregional levels using ISSR markers is still

important.or ( hereafter referred to as Yayu)
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24. Background and Objectives statmentstatement

The present study used one of the molecular techniques, known as inter-simple sequence repeat

(ISSR) markers, discussed in the previous sections, to assess the genetic variability diversity and

its distribution among populations of four populationsplots of forest C. arabica L. in Yayu

(Geba_Dogi) forest. Yayu is one of the few natural forests remaining with wild C.arabica L.

populations in the SW Ethiopia proposed for in situ coffee gene reserve (Paulos and Demel,

19992000; Tadddesse, 2003). These proposals were made on the basis of some preliminary

surveys of the area (Demel et al., 1998; Paulos and Demel, 19992000) and on the basis of

vegetation ecology studies (Tadddesse, 2003) at first. .

Interregional analysis (CoCE regions) of C. arabica populations (wild, land races, and

commercial cultivars) using ISSR markers is also done recently (Tesfaye et al.). Di-and tetra

nucleotide SSR-primers were used for amplification. Six dinucleotide primers are completely

coded and analyzed and results show extremely different levels of genetic diversity within

regions. In general interaregional genetic diversity analysisis high level of within region genetic

diversity was observed (KasahunKassahun et al., submittedin press)., Yayu showed the higher

genetic diversity from all other regions investigated indicating that the forest is area of priority

for conservation of wild coffee gene pools in Ethiopia. To conserve and use this remaining

potential genetic diversity of forest coffee in Ethiopia, further detailed analysis at the

region/intraregional level is needed with the help of compared to interregional differences. Tetr-
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nucleotide primers yield higher variability but seem to provide less resolution at the interregional

level.

The remaining potential genetic diversity of forest coffee in Ethiopia, which is a crucial step for

in situ conservation and breeding purposes, still requires detailed study usingefficient marker

systems and larger sample sizes before it is lost forever. Therefore, more detailed genetic

diversity analyses of wild C. arabica both at interregional and intraregional levels using ISSR

markers is still important. Therefore, this study aims at conducting the detailed analysis using

ISSR markers among wild C. arabica individuals from different plots of one one of a CoCE sites:

Yayu (Geba-dogi). forest under the objectives stated in the following sections.

3. Objective of the Study

3.4.1. General Objective

To design effective conservation strategy and thereby to identify sites with high diversity

estimate, prior characterization of the existing wild coffee populations is important. The

identification of these sites has a paramount importance for germplasm collection mission and

appropriate in situ site selection.

Thus, the general objective of this study was to characterize the genetic variation that exists

within and among the coffee populations in Yayu forest and based on the results suggest areas of

priority for conservation (both in situ and ex situ) and for use of the genetic resources in breeding.

34.2. Specific Objectives

The specific objectives of this study were:
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1. To investigate the genetic diversity within- and among-populations of C.arabica in Yayu

forest and see how the diversity is distributed among the populations.

2. To generate information for ex situ conservation collection and target wild C. arabica

populations for in situ conservation.

3. 3. To generate information for further improvement of C.arabica using parents from the wild

populations.
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5. Materials and Methods

5.1. Description of study site

Yayu (Geba-Dogi) forest is located in the southwestern of the northwestern highlands, in the

Illubabor Zone of Oromia State (Figure 4) at 550 km from the capital of Ethiopia, Addis Ababa

and at about 60 Km from Metu. The Institute of Biodiversity Conservation and Research (IBCR)

protects the forest area covering a total of 10,200 ha as Geba-Dogi forest coffee conservation

project since 2003 and it is one of the five research sites for CoCE project. The soil of the study

area is generally characterized by red or brownish ferrisols derived from volcanic parent material

(Demel, 1999; Tadddesse, 2003). Yayu forest is one of the eight important wild coffee areas in

Ethiopia proposed for conservation. The forest is within the Afromontane rain forest system of

the SW Ethiopia and is characterized by hot and humid climatic condition. The mean annual

temperature is about 200 C with mean minimum of 12.7 0 C to mean maximum of 26.10 C. The

mean annual rainfall is 2100 mm per year ranging from about 1400 mm to 3000 mm per year and

show uni-modal pattern, with lowest rain fall being in January and February and gradually

increasing to the peak between May and October, and then decreasing in November and

December. Two major rivers, Geba and Dogi, dissect the forest area. Dogi river drains into the

Geba, which flows southwest ending in Baro river, which in turn flows into Nile crossing and

draining most of the forested areas of the southwest part of the country.

The district of Yayu has the highest percentage forest cover (55.8%) compared to other districts

in Ethiopia (Tadddesse et al., 2002). This is by far above the percent forest cover for the

southwest parts of Ethiopia (18%) and that of the country as a whole (2.7%). Although most

forest areas in the district are demarcated as National forest priority areas, the local people are
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heavily dependent on the forest mainly for coffee and honey bees. The vegetation of the area is of

the afromontane rain forest of the SW Ethiopian highlands, which is characterized by a mixture

of Podocarpus and broad-leaved angiosperm species (Tadddesse, 2003).

Figure 4. Map of Ethiopia showing the relative position of the study site (Yayu). It is marked as red ellipse on the
road from Addis Ababa to Metu

5.2. Sampling

Four study sites (plots) that are found between 8 ° 22 ' 379 ''N and between 8 ° 23 ' 994 ''N latitude

and between 35°47 ' 718 ''E and 35 ° 48 ' 829 ''E longitudes are selected in the forest (Table 2). The

altitudinal variation of these sites ranges from 1388 masl to 1499 masl. These sites and some

other additional sites were selected by CoCE project (Conservation and use of the wild

populations of Coffea arabica in the montane rainforests of Ethiopia) for multidisciplinary
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investigation. Yayu-3 is excluded from this study because it is very closer to two other sites,

Yayu-1 and Yayu-2. Two of the selected plots, Yayu-1 and Yayu-2, are in the semi-forest (semi-

managed forest) production systems and two, Yayu-4 and Yayu-5, are in the undisturbed

(unmanaged) region of the forest and under forest coffee production system.

Figure 5. Sampled plots of Yayu forest for the present analysis. The four plots in the present study are IV-1, IV-2,
IV-4, and IV-5 and represent Yayu-1, Yayu-2, Yayu-4, and Yayu-5 respectively. Site IV-3 is excluded from the
present study since it is nearer to and in between sites IV-1 and IV-2. The map is drawn using GPS coordinates
taken from the plot
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From each site, originally, 25 coffee trees, ranging from two years age to very old trees, were

randomly sampled from an area of approximately 50m xby 50m. However, not all of these

samples were used in the analysis because of either failure to amplify or get DNA during

extraction. In addition, three samples of C. arabica L. from Sore forest wereare included for

comparison, only in the dendrogram. In all cases, four to six young leaves that are not exposed to

fungi and other epiphytes were picked and put in plastic bag containing silica-gel for rapid drying

and were transported to the laboratory at the Science Faculty of Addis Ababa University.

Table 2. List of C. arabica L. populations included in this study with sample size (original) and
site location

Population/site Sample
size

Site information

Yayu –1(dist)
Yayu -2 (dist)
Yayu –4 (undist)
Yayu-5 (undist)
Sore (dist)

25
25
25
25
3

8 ° 23' 994'' N/ 35° 47' 718'' E/1499 masl
8° 23' 711'' N / 35° 47' 728'' E/1490 masl
8° 23' 484'' N / 35° 47' 882'' E/1468 masl
8° 22' 379'' N / 35° 48' 029'' E/1388 masl
8° 19' 14.8'' N/ 35° 42' 20.8'' E/1330 masl

Dis – disturbed forest
Undis-undisturbed forest
N.B: Samples from Sore are only included in the dendrogram for comparison. They are not
included in any other analysis.

5.3. DNA extraction

Total genomic DNA was extracted from silica-gel-dried young leaves of coffee by a modified

version of CTAB method (2% cetyltrimethylammoniumbromide, 1% polyvinylpyrrolidone, 100

mM Tris (pH 8), 20 mM EDTA, 1.4 M NaCl, 0.2% beta-Mercapto-ethanol) (Borsch et al., 2003).

The isolation procedure used triple CTAB extractions to yield optimal quantities of high-quality

DNA from tissues with considerable amounts of secondary compounds such as alkaloids that

occur in coffee. About 100 mg of dry tissue were ground in sand (quartz) and incubated at 65°C
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for 30 min with 700µ L of CTAB. After centrifuging and transferring the supernatant into a clean

tube, the same tissue was re-incubated twice with CTAB solution. All three preparations were

kept separate. The CTAB solutions were then extracted with chloroform twice, and the DNA was

subsequently precipitated with ethanol. After separately re-suspending the pellets from all

extraction steps in TE, two cleaning steps were carried out: the first by adding one-half volume

7.5 M ammonium acetate and precipitating with 100% ethanol, and the second by adding one-

half volume 3 M sodium acetate and precipitating with ethanol. Genomic DNA from the second

and third extractions was usually clean enough to be directly used for polymerase chain reaction

(PCR) amplification and sometimes diluted to 1:5.

Only one of the three extractions was used for ISSR-PCR analyses. Selection was made based on

the quality and quantity of the genomic DNA by running Esaygaasrose gel electrophoresis at

concentration of 0.98% (NEEO, Germany). In most of the cases, the third extraction is relatively

pure and selected. The original DNA was also diluted by 1:5 in most cases and by 1:10 in some

cases before using for ISSR-PCR. EsayasIf PCR amplification was inhibited, further cleaning

steps were taken by QIAquick PCR-purification kit (Qiagen Gmbh., Hilden, Germany).

5.4. Inter-Simple Sequence Repeat (ISSR-PCR)

5.4.1. Primers used

Inter-simple sequence repeats (ISSRs) analyses in this study are used to investigate the genetic

diversity of wild C. arabica in Yayu forest. Six simple-sequence primers, five di-nucleotide and

one tetra-nucleotide, that showed polymorphisms were selected based on previous publications of

the interregional ISSR analysis (Govers et al., in press; Kassahun et al., in press). The primers
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and their 5'-3' sequences are given in Table 3. All of the di-nucleotide primers are 3’-anchored

and the primers range in size from 16-18 base pairs.

5.4.2. PCR amplification

Each DNA amplification was performed in a total volume of 26µl containing 2.6µl of 10x Taq

buffer (50mM KCl, 10mM Tris-HCl, PH= 8.4, 2.5mM MgCl2, 0.1µ g/µl of gelatin)(PeQLab),

250µM of each of dATP, dGTP, dTTP and dCTP, (PeQLab), 0.23µM of primer (PeqLab),

1U/reaction of Taq DNA-polymerase (MWG-Biotech AG), and 1µl of genomic DNA.

The amplification was done in Biometra T3 PCR machine (Biometra, Personal) under the

following cycling conditions. The lid temperature was adjusted to 105 ° C and after initial

preheating for 4 minutes at 94°C 40 cycles of denaturation (at 94 °C for 15 seconds), annealing

(for 1 minute, at 45°C for primers 810-H, 812-H, 814-H, and CoIS001 and at 48°C for primers

818 and 844-H), polymerisation (at 72 °C for 1:30 minutes) followed by a 7 min. final extension

step. at 72 oC.

5.4.3. Gel electrophoresis

To separate fragments, 8µl of the PCR amplification product pre-mixed with 2µl of 6x loading

dye was subjected to 1.67 percent Esagyasrose gel electrophoresis for about two hours under a

power supply of 100 volts. It was run in 1x TBE (containing 10.8g of Tris, 5.5 g of boric acid

0.05 M Na-EDTA) buffer and a 100 base pair DNA ladder (ROTH) was used as a molecular

weight marker to estimate fragment size. The gel was visualized under UV light at 365nm

(BioDocAnalyze, Biometra-035-300) after staining with ethidium bromide (1.75µg/ml) for
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about 30 min. and de-staining by distilled water for about 30minutes. Gel picture was taken by

digital camera, connected to PC with BioDocAnalyze program and saved for later data scoring.

5.5. Data Scoring and Analysis

Out of the 100 samples collected from the four populations only 78 gave good amplification

products for the five di-nucleotide primers and these are used in the analysis below. Since bands

for the tetra-nucleotide primer are very close to each other (Figure 6), it is difficult to score and

use in analysis. Each amplified DNA fragment was considered as an independent character

(locus), and scored as present (1) or absent (0). Each amplified product was named by the code of

the primer followed by Arabic number starting from the larger fragment to the smaller ones.

Since ISSR markers are dominant, a locus was considered to be polymorphic if the presence and

absence of the bands were observed in various individuals, and monomorphic if the bands were

present in all individuals. No distinction was made between fragments of the same molecular size

that varied in intensity although such differences in intensity of bands were observed.

The synthesised band profile was subjected to pair-wise comparison to compute Jaccard

similarity (Jaccard, 1908) and Nei standard genetic distance (Nei, 1972) matrices for each pair of

individuals. Cluster analyses of the similarity and genetic distance matrices were made using

unweighted pair-group method using arithmetic averages (UPGMA) (Sneath and Sokal, 1973)

algorithm using Free tree program (Pavlieek et al., 1999), version: 0.9.1.50. Genetic distance

between each pair of populations was calculated by Nei’s unbiased genetic distance (Nei, 1978)

using popgene software version 1.32 (Yeh et al., 1999) and cluster analysis of the genetic

distance/similarity matrix was done by UPGMA algorithms using NTSYSpc program version

2.11T(2.11T (Rolf, 1997).
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Genetic diversity and its distribution were calculated, based on variants frequencies, using Nei’s

gene diversity statistics (Nei 1987) and Shannon’s information index. Gene diversity was

calculated for each locus and each population according to Nei (1987) using Popgene software

version 1.32(Yeh et al., 1999). The same program was used to calculate the percent polymorphic

loci for each population and for the whole data. Analysis of gene diversity in the subdivided

population was also done by Nei (1973) formula using the same program. Comparison was made

between results obtained over all the loci and those obtained only over polymorphic loci.

Shannon diversity index was calculated for each locus for each population as H’j =-∑ pi log2pi,

where pi is the frequency of the presence or absence of ISSR band in that population. The average

diversity for each locus across the four populations was calculated as H’pop = ∑H’j/n, where n is

the number of populations, while the mean observed Shannon diversity of each population across

all loci was calculated as H’loci =∑H’j/L, where L is the number of loci studied. Similarly, the

overall Shannon diversity within the species for each locus was calculated as H’sp = -∑pSlog2pS

where PS is the frequency of the presence or the absence of ISSR band across the genotypes

within the whole data. The overall diversity of the species/whole population (H’SP) was then

partitioned into proportion of within and among population genetic diversity for each locus as

H’POP/ H’SP and 1-(H’POP /H’sp), respectively.

The extent of population differentiation was calculated as GST=HT-HS /HT from Nei’s formula

(Nei 1973), G’ST =1-(H’pop/H’sp) from Shannon index, and FST from analysis of molecular

variance (AMOVA) (Weir and Cockerham, 1984; Excoffier et al., 1992). HT is the measure of

total genetic variation for the whole population and HS and DST is theare the measure of the
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amount of genetic variation within- and among-populations, respectively. GST and G’ST were

calculated for each locus and their mean values were calculated over all the loci and over only

polymorphic loci for comparison.Esayas Analysis of molecular variance (AMOVA) was done by

Arlequin program version 3.01 (Excoffier, 2006).

Although the data available is not sufficient to make comparison of the plants according to their

age structure, attempt was made to do so. The analysis was done by categorizing the plants into

two groups: Young and old plants. Plants that are approximately less than ten years of age are

considered to be young plants and those above ten years of age are considered to be old plants. A

total of 31 plants, 17 and 14 plants, respectively for young and old plants for which data was

available were included in this analysis. Only comparisons of their genetic diversity were made.
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6. Results

6.1. Locus diversity

Only 78 plants were used in this analysis from the four populations of Yayu, the rest 22 were

excluded due to incomplete amplification over all the primers or at least 50% of the primers. The

five di-nucleotide primers produced a total of fifty-five scoreable and reproducible bands of

which 21 bands (38.18%) were polymorphic across the 78 coffee tree samples investigated. A

fragment was considered as polymorphic if it exists in some of the individuals and absent from

other sand monomorphic if it exists in all individuals Seven to 13 bands were obtained from each

primer with mean of 11 bands per primer (Table 3). One to eight polymorphic fragments were

observed per primer (4.2 on average). The fragments ranged from 200 to 2,500bp in size (Table

3). The tetra-primer is excluded from the analysis. However, if polyacrylamide gel was used

instead of agarose gel the bands would be well separated and the pattern would give better

information. The samples of electrophoretic patterns obtained with the ISSR markers are

illustrated in Figure 6, one (A) for di-nucleotide 810-H and the other (B) for tetra-nucleotide

primers, CoIS001.

6.2. Population level polymorphism

The frequency, in percentage, of the polymorphic ISSR markers within the four populations is

summarized in Table 4. Of the twenty-one polymorphic fragments scored, 3, 1, 6, and 4

fragments are absent from Yayu-1, Yayu-2, Yayu-4, and Yayu-5 respectively. Thirteen markers

are common to all the populations although they differ in frequency. Three markers are specific

to Yayu-1 and Yayu-2 and one marker is specific to Yayu-4 and Yayu-5. One marker (812-6) is
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Table 3. List of primers used in the ISSR analysis along with their nucleotide sequences, number
of polymorphic bands and estimated molecular size range

Primer Sequences
5' to 3'

No. of
scoreable and
reproducible

bands

No. of
polymorphic

bands

%
Polymorphic

bands

Molecular
size range in

bp

810-H
812-H
814-H
818-H
844-H
CoIS0

01

(GA) 8T
(GA) 8A
(CT) 8A
(CA) 8G
(CT) 8RC
(CCTA) 4

13
13
7
10
12
-

7
1
2
3
8
-

53.85
7.69
28.57

30
66.67

-

200-2,500
200-1,500
300-2,000
300-1,000
300-2,000
400-2,500

Total 55 for the
dinucleotides

21 38.18

specific to Yayu-2. Two markers are absent from Yayu-4 and are common to the rest of the

populations and one marker is absent from Yayu-1 and is common to all the rest populations. Six

to fifteen polymorphic fragments, 11.5 on average, were detected within the populations (Table

5). Yayu-1 and Yayu-2 presented higher number of polymorphic fragments (15) whereas Yayu-4

and Yayu-5 presented few numbers, six and ten fragments, respectively.

The population level genetic diversity statistics are summarized in Table 5. In general the mean

gene diversity over all the loci of Yayu-1 and Yayu-2 are nearly equal and 0.072 and 0.079,

respectively. When all loci are considered Yayu-2 is the most diverse (P=27.27%, H= 0.079, H’j=

0.175) and Yayu-4 is the least diverse(diverse (P=10.91%, H=0.031, H’j = 0.070) populations.

When only the polymorphic loci are considered, however, Yayu-1 is the most diverse and Yayu-4

is the least diverse populations.
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A

B

Figure 6. Ethidium bromide-stained gels of ISSR banding patterns generated for 36 individual coffee trees from
two plots in Yayu (Geba Dogi). A is based on a di-nucleotide 810-H and B on a tetra-nucleotide primer CoIS001.
Outside lanes (M) show an extended 100-bp ladder. The arrows on the right side of both gel pictures indicate
fragment sizes (arrows correspond to 1000 bp, 1500 bp and 2000 bp from top to bottom).
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As can be seen from Table 5, the mean gene diversities for the populations both over all loci and

over polymorphic loci only show consistency except for the case of Yayu-1 and Yayu-2 in which

the value over polymorphic loci for Yayu-1 is greater than that of Yayu-2. The mean Shannon

diversity is larger for Yayu-2 and smaller for Yayu-4 both over all loci and on polymorphic loci.

Table 4. Frequency (%) of the polymorphic ISSR markers within the four populations
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The results of the age-wise comparisons of the plants indicate that the younger plants are more

diverse (P=27.27%, H= 0.097) than the older ones (P= 20%, H= 0.073) (Table 5). From analysis

of gene diversity in these categories, most of the total gene diversity (HT= 0.088) is found within

groups (HS= 0.085) and only 3% exists among the groups (DST= 0.003). The unbiased Nei’s

genetic distance between the young and the old plants is only 0.003.

6.3. Cluster Analysis

Dendrogram was obtained using 81 individuals including three samples from Sore forest based

on Jaccard similarity coefficient and UPGMA algorithms. The dendrogram has two main clusters

Marker Yayu-1 Yayu-2 Yayu-4 Yayu-5
810-2
810-5
810-6
810-9
810-10
810-11
810-12
812-6
814-4
814-5
818-4
818-7
818_8
844-3
844-5
844-6
844-7
844-8
844-9
844-11
844-12

6
94
88
41
76
94
0
0

73
54
88
75
75
94
88
81

100
100
100

0
6

52
100
100
35
100
100
52
4

82
45
78
78
91
89
86
90
100
95
91
0

10

100
100
100
28
100
100
100
0
0
0
0
0

38
100
100
100
84
84
0

11
5

100
100
100
83
89
94
6
0
65
0
0
0

100
100
94

100
100
89
6
28
50
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Table 5. Summary of population level and the whole data genetic diversity measures assuming
Hardy-Weinberg disequilibrium (fis=0.95, Esayas, 2003)

Populations Polymorphic
loci

Gene Diversity Shannon’s index

Num
ber

Percent Overall
Loci

Over
polymorphic

loci

Overall
the loci

Over
Polymorphic

loci
Yayu-1 (18)
Yayu-2 (23)
Yayu-4 (18)
Yayu-5 (19)

15
15
6
10

27.27
27.27
10.91
18.18

0.072
0.079
0.031
0.045

0.279
0.272
0.081
0.160

0.162
0.175
0.070
0.103

0.425
0.459
0.183
0.271

Mean
Entire data

11.5
21

20.91
38.18

0.056
0.100

0.198
0.306

0.128
0.223

0.334
0.583

Young (17)

Old (14)

15

11

27.27

20

0.097

0.073

-

-

-

-

-

-

N.B. The numbers in the bracket are samples used in the analysis

in which individuals from disturbed and undisturbed regions are separated (Figure 7). The first

main group consists of mainly individuals from the undisturbed regions of the forest (Yayu-4 and

Yayu-5), and this main cluster further separated Yayu-4 from Yayu-5 with their own sub-clusters.

The second main cluster is dominated by individuals from the disturbed regions of the forest

(Yayu-1 and Yayu-2). There are four individual trees from Yayu-4 and two from Yayu-5 within

the second main cluster. Two of the three samples from Sore are also within this cluster. This

second main cluster does not separate well individuals from the two populations although there

are some sub–clusters dominated by individuals from either population. The grouping of

individuals from Sore with populations from disturbed habitats seems logical because Sore forest

is also disturbed and gene flow is expected.
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Yayu-1 
Yayu-2 
Yayu-4 
Yayu-5 
Sore 

0.1 

C243 IV-5-3 
C244 IV-5-4 
C245 IV-5-5 
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C254 IV-518 
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C260 IV-5-25 
C261 Sorre F1 
C250 IV-5-12 
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C188 IV-1-13 
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C181 IV-1-4 
C184 IV-1-8 
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C218 IV-2-20 
C216 IV-2-18 
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C212 IV-2-14 
C219 IV-2-21 
C221 IV-2-23 
C213 IV-2-15 
C185 IV-1-9 
C191 IV-1-17 
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C209 IV-211 
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C249 IV-5-11 
C211 IV-2-13 
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C208 IV-2-10 
C236 IV-418 
C095 IV-4-21 
C258 IV-5-22 
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C231 IV-412 
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Figure 7. Dendrogram generated by UPGMA based on Jaccard similarity coefficient using 81 samples, three
of them from Sore forest for comparison. The C-series labelling indicates the number of samples in CoCE
project for molecular analysis and the roman numerals followed by Arabic numerals indicate Yayu (site-4 of
CoCE), sample plot, and sample number within a plot
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6.43. Partitioning of genetic diversity into within and amongBetween Populations

Genetic diversity was partitioned into within and among populations using three types of

analyses: Nei’s gene diversity in subdivided populations (Nei, 1973), Shannon’s diversity index

and analysis of molecular variance (AMOVA). The summary of genetic diversity in subdivided

populations for the polymorphic loci is given in Table 6. Larger total gene diversity (HT>0.25)

was observed for ten of the twenty-one polymorphic loci, of which five presented a high

coefficient of genetic differentiation (GST> 0.5). Three markers showed a relatively high level

of gene diversity within populations (HS> 0.25); of which one marker (810-10) has the highest

HS (HS =0.399). The results indicate higher proportion of the genetic diversity within

populations (mean Hs=0.056 and 0.148 over all the loci and over polymorphic loci,

respectively) as compared to the mean among population diversity (DST=0.044 and 0.114,

respectively over all loci and over polymorphic loci). The mean values for the parameters all

over all loci are summarized in Table 7. The mean population differentiation calculated both

over all loci and over polymorphic loci are nearly equal (Tab le 6. and Table 7).

Summary of genetic diversity in subdivided populations using Shannon diversity index is given

in Table 8 and Table 9 over the polymophicpolymorphic loci and over all the loci, respectively.

These values also show that larger proportion of the variation exists within population rather than

among populations. The values for the means of H’pop, H’sp and G’st were 0.334, 0.574 and

0.435 respectively over the polymorphic loci only. Thirteen of the 21 polymorphic loci have

H’pop values of greater than 0.30, which is also true for the Nei (1973) gene diversity. From
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comparisons of the mean values for the within populations diversity (H’pop/H’sp) and the

proportion of among populations diversity [(1-(H’pop/H’sp)]) larger genetic diversity exists

within-populations. These mean values are 0.573 and 0.427 for only polymorphic loci only

respectively. Only five of the 21 polymorphic loci show larger proportion of among-populations

variation and the rest 16 markers showed larger within-populations variation.

Table 6. Summary of Nei’s (1973) gene diversity statistics calculated in subdivided populations
(Nei, 1987), for each polymorphic locus

Marker Sample size HT HS DST GST

810-2
810--5
810-_6
810-_9
810-_10
810-_11
810-_12
812-_6
814-_4
814-_5
818-_4
818-_7
818-_8
844-_3
844-_5
844-_6
844-_7
844-_8
844-_9
844-_11
844-_12

76
76
76
76
76
76
76
74
72
70
72
72
72
52
74
74
74
74
74
74
74

0.457
0.029
0.056
0.497
0.159
0.057
0.477
0.022
0.496
0.369
0.484
0.471
0.369
0.085
0.155
0.134
0.079
0.153
0.500
0.167
0.285

0.150
0.028
0.051
0.399
0.140
0.055
0.150
0.021
0.292
0.245
0.144
0.183
0.251
0.080
0.147
0.122
0.069
0.145
0.072
0.143
0.219

0.307
0.001
0.005
0.100
0.020
0.002
0.327
0.001
0.204
0.124
0.340
0.288
0.118
0.005
0.008
0.012
0.010
0.008
0.428
0.024
0.066

0.673
0.044
0.090
0.196
0.116
0.030
0.688
0.033
0.413
0.336
0.702
0.612
0.320
0.055
0.047
0.090
0.129
0.051
0.856
0.143
0.234

Mean 73 0.262 0.148 0.114 0.435
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Total gene diversity (HT), gene diversity within subpopulations (HS), gene diversity among populations
(DST), and the coefficient of gene differentiation among the populations (GST).

The mean values of the proportion of variation within (H’pop/H’sp) and among (1-(H’pop/H’sp)

populations calculated both over all loci and only on polymorphic loci are nearly equal (Tables 8

and 9).

Table 7. Summary of the mean values of Nei (1973) gene diversity statistics in subdivided
populations over all the loci (both polymorphic and monomorphic) for all the samples

Parameter HS DST HT GST

Mean 0.056 0.044 0.100 0.436

Table 8. Summary of Shannon’s information index for each polymorphic locus overall the
samples

Marker H’pop H’sp H’pop/H’sp 1-(H’pop/H’sp)
810-2
810-5
810-6

0.326
0.077
0.126

0.939
0.101
0.176

0.347
0.766
0.717

0.653
0.234
0.283
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810-9
810-10
810-11
810-12
812-6
814-4
814-5
818-4
818-7
818-8
844-3
844-5
844-6
844-7
844-8
844-9
844-11
844-12

0.849
0.317
0.155
0.326
0.067
0.613
0.493
0.324
0.390
0.545
0.207
0.361
0.285
0.157
0.355
0.195
0.334
0.522

0.996
0.399
0.176
0.975
0.103
0.991
0.800
0.991
0.980
0.764
0.318
0.406
0.357
0.245
0.406
0.999
0.452
0.671

0.853
0.795
0.882
0.334
0.646
0.618
0.616
0.327
0.398
0.713
0.649
0.888
0.800
0.643
0.874
0.195
0.741
0.233

0.147
0.205
0.118
0.666
0.354
0.382
0.384
0.673
0.602
0.287
0.351
0.112
0.200
0.357
0.126
0.805
0.259
0.221

Mean 0.334 0.583 0.573 0.427
H’pop=genetic variation for the populations; H’sp=genetic variation for the whole population;
H’pop/H’sp=proportion of within populations genetic variation; 1-(H’pop/H’sp)= proportion of genetic
variation among populations.

Table 9. Partitioning of the genetic variation into within and among populations based on
Shannon’s information index calculated over all the loci for the whole data (78 plants).

Parameter Mean
H’pop
H’sp
H’pop/H’sp
1-(H’pop/H’sp)(G’ST)

0.128
0.223
0.574
0.426

Hpop=mean genetic variation for the populations; Hsp=mean genetic variation for the entire population;
Hpop/HSP= proportion of genetic variation within populations; 1-(Hpop/Hsp)=proportion of genetic
variation between populations.

Analysis of molecular variance (AMOVA) was done for the whole population (entire data) over

all loci by considering all the populations as one geographic region. The measure was done by
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computing distances between “haplotypes”, each individual’s data pattern as one “haplotype” and

computing variance components for each level (Excoffier et al., 1992). These results also support

the larger within populations variation as compared to the among populations variation (Table

10). The percentage values for these estimates are 54.06 and 45.94, respectively.

A locus-by-locus AMOVA was also calculated for each polymorphic locus (data not shown)

and the result is consistent with the calculation for the whole data together.

Table 10. Partitioning of genetic variation into within and among populations by Analysis of
molecular variance (AMOVA)

Source of d.f Sum of Variance Percentage of
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variation squares components variation

Among
populations

Within
populations

3

73

26.07

36.71

0.427

0.503

45.94

54.06

Total 76 62.78 0.930

6.54. AmongBetween-population genetic Differentiation

The amount of genetic differentiation can be seen from dendrogram produced using all

individuals over the whole datadata (Figure 7). Moderate to high genetic differentiation was seen,

i.e., the dendrogram separated at least individuals from the two regionshabitat conditions: from

disturbed and undisturbed. Also individuals from the two populations of the undisturbed habits

are separated from each other and form their own sub-clusters. The extent of genetic

differentiation was also estimated using Shannon’s diversity index as G’st for each locus, Nei

(1973) gene diversity estimate as GST for each locus and analysis of molecular variance (AMOVA)

as Fst using the entire data set as well as only polymorphic loci.

G’ST and GST measure the proportion of variation among populations relative to the total species

diversity estimated as HSP and HT, respectively. The mean GST value was 0.436 over all the loci

(Table 7) and 0.435 over the polymorphic loci only (Table 6). Eight of the polymorphic loci have

a GST value of greater than 0.300 indicating greater differentiation among the populations (Table

6). The mean G’ST values over polymorphic loci and over all the loci are 0.426 (Table 8) and
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0.427 (Table 9), respectively. Ten (48%) of the polymorphic (markers (48%) showed a G’ST

value of greater than 0.300, which is nearer to the values obtained from Nei (1973) statistics. The

mean FST values over all the loci and over polymorphic loci are 0.459 and 0.469 (data not

indicated), respectively.

6.65. Genetic Distance/Similarity between populations

From the analysis of Nei unbiased genetic distance/similarity among the four populations (Nei,

1978) Yayu-1 and Yayu-4 are the most genetically separated groups with (genetic distance of

=0.109) as compared to the rest groups and Yayu-1 and Yayu-2 are the least genetically

differentiated groups, with a genetic distance of 0.011) (Table 11 and Figure 8). Yayu-1 and

Yayu-2 are the least differentiated (0.011) populations and Yayu-1 and Yayu-4 are the most

differentiated groups (0.109). Yayu-4 and Yayu-5 are also less differentiated with a genetic

distance of 0.043. The genetic differentiation among the four populations is summarized by a

dendrogram generated after UPGMA based on the originalunbiased Nei genetic

distance/similarity matrix (Nei 198772) (Figure.8 7).

Table 11. Summary of Nei's Unbiased measures of genetic Identity and Genetic distance/identity
matrix between populations (Nei, 1978). Nei's genetic identity (above diagonal) and genetic
distance (below diagonal)

Population Yayu-1 Yayu-2 Yayu-4 Yayu-5
Yayu-1 **** 0.989 0.891 0.921

Yayu-2 0.011 **** 0.93 0.94

Yayu-4 0.109 0.070 **** 0.957
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Yayu-5 0.079 0.060 0.043 ****

Figure 8. Dendrogram generated based on Nei unbiased genetic distance (Nei, 1978, 1987) and UPGMA for
the four populations.

disturbed

Undisturbed
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7. Discussion

7.12. The Use of ISSR markers in genetic Diversity

Molecular markers are being used widely for genetic variability studies and cultivar identification

in a large number of species. ISSR is one of such molecular markers used in the analysis of

variability at both intra- and inter-specific levels (Wolfe and Liston, 1998). Reliability and

repeatability are essential features of a molecular technique to be used in fingerprinting.

Techniques that use polymerase chain reaction (PCR) require high-level quality DNA to get clear

and repeatable bands on the gel (Wolf and Liston, 1998). Many different steps are taken in

different studies to get quality DNA. In the present study the use of triple extraction, a modified

version of the CTAB method, for each sample and further cleaning with QiaGen kit enabled to
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get pure DNA that can be used for ISSR analysis. More than 99% of the scored bands were

reproducible. The high reproducibility of the ISSR fragments in this study and other studies in

Coffee (e.g. Ruas, et al., 2003; Esayas et al., 2005; Kassahun et al., in prepin press) as compared

to RAPD analyses in most studies may be due to the use of longer primers, which allow more

stringent (higher) annealing temperatures, than those of RAPD.

In the present study 38.18% of the bands scored from five di-nucleotide primers were

polymorphic. But the sample sites of Esayas et al,. (2005) was not strictly similar with the sample

sites of the present study. This percent polymorphism is larger as compared to results obtained by

Esayas et al. (2005) using 11 primers, partly due to differences in the sites used by the two

studies.

7.2. Genetic Variation

The present study reveals low to moderate to high levels of genetic diversity as estimated by

percent polymorphism (%P), Nei’s gene diversity (H) (Nei, 1978), and Shannon diversity index

(H’j o) over all the loci and only when polymorphic loci are considered. The genetic variability

was high for Yayu-2 (P=27.27%, H=0.079, H’j = 0.162) and lower for Yayu-4 (P=10.91%,

H=0.031, H’jo=0.070). These results are comparable with what Esayas et al. (2005) found using

the 11 primers for populations found in Illubabor Zone. EsayasinZone. Again this comparison

should be roughly, since they did not discriminate between disturbed and undisturbed regions in

their analysis. Higher and lower ISSR variability was obtained for populations from disturbed

and undisturbed regions of the forest. The total genetic diversity for the whole population or the

species was (P=38.18%, H=0.100, H’spI=0.223) and is comparable with what Kassahun et al., in

press found, using 10 primers and greater than what they found using only di-nucleotide primes
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(P=20.5%, H=0.07, H’spI=0.30). The use of larger sample size in the present study could be why

A relatively larger or comparable genetic variability observed in the present study could be due to

the use of larger sample size.is found in the present study.

The higher level of variability in the two populations from disturbed (managed) regions, (yayu-1

and Yayu-2,) of the forest than from undisturbed regions could be for two reasons. These two

populations are owned by the local people and are managed to some extent by thinning under

story small trees that compete with coffee and some times larger trees in the canopy could also be

cleared(cleared (Tadddesse, 2003). Such managements could contribute to reduce genetic erosion

at early age (juvenile stage) of the coffee and result in higher genetic diversity. The second type

of management in these areas is the enrichment of the coffee trees by using seedlings from other

parts of the forest. and may be also from the local landraces. This seedling flow into the regions

could increase the genetic diversity of the two populations in the disturbed regions. Generally, the

relatively low total ggenetic variability is expected forof C. arabica L is small as it is a

predominantly self-pollinated and a recently evolved species (Lashermes et al., 1996), by a rare

event of allopolyplodization. This is further evidenced with the absence of variation ofvariability

chloroplastin chloroplast genome of C. arabica collected from wider geographic regions

(TesfayeKassahun et al., Submitin press). Although total variability was small because of large

number of monomorphic loci, about 48% of the polymorphic loci have higher total genetic

diversity(diversity (HT>0.25) (Table .6) and this is greater than the result obtained by Anthony et

al. (2001) using 29 polymorphic RAPD markers.
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7.3. Distribution of the Variability

Plant population structure in space and time is produced by the different evolutionary forces,

which operate within historical and biological context of each species. Any factor that affects

reproduction and dispersal is important in determining the genetic structure of a species (Loveless

and Hamrick, 1984). Breeding system of a species was found to be the most important factor to

determine genetic structure (Nybom and Bartish, 2000). Inbreeding species have lower within-

population and larger among-population variability and out-crossing species have the reverse

kind of genetic diversity distribution. Species with mixed-mating have a somewhat intermediate

distribution of genetic diversity. Mixed-mating is known to cause more genetic variability within

populations and is a potential for differentiation. The among-populations genetic structure

depends on the level of selfing and may vary in time (Loveless and Hamrick, 1984).

Arabica coffee is known to be a predominantly self-pollinated species and is expected to have the

pattern of inbreeding populations. Previous studies such as Esayas (2006) implied concordant

data with some amount of gene flow between local populations and also between geographically

separated populations of wild coffee in Ethiopian. The results of the present study showed that

most of the diversity was distributed within populations rather than among populations. All the

three estimates, GST (0.436), G’ST (0.426) and FST (0.460), indicate larger within population than

among-populations variability. The results indicate that about 54-57% of the variation exists

within-populations. between/ Such results are typical of species with mixed-mating system and

for which some extent of gene flow is expected (Loveless and Hamrick, 1984; Nybom and

Bartish, 2000). The low out-crossing rate estimated for C. arabica (7-15 %) by Carvalho (1974)
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was not confirmed in the study areas and the rate could be higher than what is expected from

other studies conducted out of Ethiopia. The relatively low coefficient of population

differentiation among populations could also be due to gene flow between the closely located

areas by human and wild animals such as baboon, apes and others (Kassahun et al., in press).

The individual level cluster analysis indicated that individuals from undisturbed regions of the

forest (Yayu-4 and Yayu-5) formed their own clusters (Figure 7). Within this cluster they have

their own sub-clusters that separate individuals from the two regions. The failure of individuals

from the two disturbed plots to cluster on the basis of their respective populations could be due to

the presence of substantial gene flow between local populations mainly in the form of seedling,

seed and so on by human and other animals. Population-level genetic distance/similarity

measures between every possible pairs of populations and the resulting clustering also clearly

separate populations from disturbed and an undisturbed plots of the forest (Table 11 and Figure

8). The smaller and the larger genetic distance values are between Yayu-1 and Yayu-2 (0.011)

and between Yayu-2 and yayu-4 (0.109), respectively. In general, a relatively, larger genetic

distance exists between pairs of populations from disturbed and undisturbed regions rather than

between pairs from either disturbed or undisturbed regions indicating less genetic differentiation

between plots under similar habitat condition.

The special genetic structuring of the plots in the undisturbed regions, which is indicated by the

relatively larger genetic distance between them could be an indication that in the absence of

management, populations will have their own genetic structure. They are patches of have their

differentiated genetically genetically from those patcheseach other and also from populations in

the disturbed . and less genetic differentiation observed between patches from the disturbed
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regions. regions. This could be indicates partly due to the absence of human interference in the

two populations and also because they are evolving independently. The fact that they have some

unique markers could be an indication of this situation.

Yyure87

8. Conclusion and Recommendations

8.1. Conclusion

In spite of the smaller number of primers, (only five dinucleotide primers,), that is not as

polymorphic as the tetra-nucleotide primers used in the present study, the genetic diversity
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obtained for some of the populations was large or /moderate. This clearly indicates that one can

use ISSR in the study of intraregional genetic structure of a population. Populations are clearly

differentiated on the basis of management levels carried out in them. Thus, management

difference could create genetic diversity difference of forest coffee difference among the forest

regionsunder different management systems.

Yayu forest is a highly valuable forest ecosystem for biodiversity conservation. Coffee is found

in many regionsarea of the forest. The abundance of coffee in the forest was found to be higher

than that of any other coffee forest in Ethiopia. The genetic diversity of the wild coffee

populations in this forest is found to be larger and deserve conservation for future utilization.

Low to mModerate levels geneticof genetic diversity estimates were obtained for populations in

this study. The genetic structure obtained was typical of populations with mixed-mating rather

than populations with purely inbreeding pattern although C. arabica is kknshown to b e

predominantly self-pollinating species. This deviation could be because of gene flow among the

local populations by many agents such as human in the form of seedlings, some animals such as

Baboonsas Baboons, apes, birds etc. in the form of seeds, and increased out-crossing rate among

the plots studied by honey bees.

8.2. Recommendations: Implication for conservation and Breeding

8.2.1. Implication for conservation

Molecular tools do contribute to conservation efforts. Understanding the relative levels of within-

and among -populations differentiation can help focus efforts on specific populations for

conservation (Haig, 1998). In in situ conservation approach genetic diversity measurements are

needed to designate the appropriate genetic reserve of target species with high variation (Tan and
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Tan, 2002). The present study indicated higher ISSR diversity in populations from Yayu-1 and

Yayu-2, i.e., in populations from disturbed regions. These populations and probably other

populations in the managed areas of the forest need to be given priority for in situ conservation of

wild C. arabica L. genepoolgene pool. Populations from undisturbed regions of the forest

showed lower diversity indices, nevertheless, the strong genetic structuring observed between

them and between populations in disturbed regions is an indication of the presence of unique

individuals with unique genes in the populations. Thus, these populations also should deserve

conservation attention. Ex situ conservation efforts for field gene bank collections should also

give attention to these populations with higher variability.

From the fact that higher ISSR variability is observed in managed areas, it seems that

management such as thinning of understory forests and enrichment of coffee with seedlings from

other areas, would increase the genetic diversity of coffee in the forest. Thus, it is recommended

that such managements be carried out in the forest for in situ conservation of wild coffee.

However, care should be taken not to harm the forest ecosystem that would lead to loss of other

organismsspecies and degradation of the natural forest ecosystem. An alternative approach to this

one could be to establish coffee field gene bank in a nearby area and make collection of coffee in

these field gene banks where management is possible. Such field gene bank would provide an

environment that is nearly similar to the forest ecosystem and also provide give management

possibilitiesoptions that would increase the genetic diversity of coffee. Seedlings could be

collected from the undisturbed regions for replanting in the field gene banks.
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8.2. 2. Implication for breeding

The present result would also help coffee breeders to focus on the populations with higher genetic

variability to select parental coffee plants for crossing to maximize the level of variation present

in segregating populations. Esayasin Here also populations from managed areas need to be given

priority. Again populations in the undisturbed areas should not be ignored for breeding since they

showed some markers of their own and since such markers could code for agronomically

important traits. in this respect also. Coffee productivity was found to be higher in hybrids, for

example, 30 to 60% heterosis in hybrid over the better parent has been observed in Ethiopia for C.

arabica L. (Mesfin, 1990).

88.8. 33. Future research directions

The genetic diversity of the forest coffee should be assessed in time series analysis to confirm the

present genetic structure and to monitor any change in the structure. As one type of molecular

marker is not sufficient for characterization of genetic diversity, the use of co-dominant DNA

molecular markers such as simple sequence repeats and complementing it with some

morphological studies is recommended. Demographic studies are also recommended to monitor

any population number change and its impact on the magnitude of genetic variability of C.

arabica populations in the forest. Since it also seems that the wild populations of C. arabica in

Ethiopia have larger out-crossing rate than expected for world wide cultivars, it is recommended

that the pollination biology of the species be included in future research.
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