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ABSTRACT

Two studies were carried out to genetically characterize the sub-Saharan African goats

using 19 microsatellite markers. The aims were to understand the genetic uniqueness

and relationships among breeds and to quantify the level of genetic diversity within

each breed. The first study investigated the genetic relationships among the major goat

types in sub-Saharan Africa. Ten African breeds were sampled from eastern Africa

(Maasai. Kigezi, Mubende, North West Highland, Arsi-Bale), southern Africa (Ndebele,

Pafuri) and West Africa (West African Dwarf, Maure, Djallonke). Two European

breeds (Grisons Striped, Toggenburg). two Asian breeds (Mongolian Cashmere,

Bandipur) and one Middle East breed (Arab) were included as reference breeds. Twenty

to forty eight animals per breed

breed genetic diversity was determined as the mean number of alleles per locus and

average gene diversity. Two measures of population differentiation, Gst and 0 were

computed to measure the genetic differentiation among the breeds. Breed assignment

test was performed to identify the source populations of individual animals. Three

measures of genetic distances, Ds, DA, and (bp.)2 were used to estimate the genetic

distances between pairs of breeds. These distances were used to construct neighbour­

joining (NJ) trees to assess the relationships among breeds. The genetic relationships

among breeds were further assessed using principal component analysis (PCA) and

multidimensional scaling (MS).

were genotyped at the 19 microsatellite loci. Within
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In total, 263 alleles were detected across all the breeds. Among the sub-Saharan African

breeds, the mean number of alleles per locus ranged from 5.26 ± 0.464 (Djallonke) to

7.05 ±0.516 (Mubende). The lowest and highest average gene diversities were observed

in Pafuri (0.542 ± 0.036) and Ndebele (0.672 ± 0.031), respectively. For all the breeds,

the within breed genetic diversities of European breeds were slightly less than those of

African and Asian breeds. Between 14.6% (0) and 15.7% (Gst) of the total genetic

variation was due to differences between breeds. In the assignment test, 92.1% of all

animals were correctly assigned to their original population. The three measures of

genetic distances indicated that the largest genetic distances were observed between

West African and southern African breeds and the lowest genetic distances were found

between the pairs of breeds within the same country. The (5p)2 distances were found

less effective in revealing the true genetic relationships among the breeds compared to

differences, however, both grouped the breeds according to their geographic origins.

The PCA and MS supported the grouping of the breeds according to their geographic

origins. Unlike the NJ trees, the PCA and MS clearly separated the European breeds

from the Asian breeds. Furthermore, the MS separated the Arab breed from the other

breeds more clearly.

Ds, and Da distances. The NJ trees constructed from Ds, and Da showed some
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The second study examined the genetic diversity and structure of Small short-eared

eastern African goats as a case study. The same 19 microsatellite markers were used to

genotype 13 populations. The populations sampled were Afar, North East Highland,

Boran, Galla, Kenyan Small East African, Maasai, Ugogo, Sukuma, Ujiji, Tanzanian

Coastal, Newala, Mbeya and Landim. The reference breeds were Tswana, Venda, West

African Dwarf, Red Sokoto and Toggenburg. The Galla had the lowest (5.53 ± 0.599)

mean number of alleles per locus while Afar had the highest (6.53 ± 0.646). The level of

gene diversity ranged from 0.667 ± 0.035 (Afar) to 0.553 ± 0.036 (Newala). Between

11% (0) and 12% (Gst) of the total genetic variability could be attributed to differences

among the populations. In the assignment test, 79.1% of the individuals were correctly

assigned to their source populations. NJ tree using individual animals as the taxonomic

units was constructed to study the structure of eastern African goats. Among the

Tanzanian populations, only the Newala appeared to be tightly clustered together, the

rest of the populations were mixed together. Among the Kenyan and Ethiopian

populations, only the Afar and Kenyan Small East African featured in their distinct

clusters, the rest of the populations showed unclear pattern of clustering. The NJ trees

based on Ds, and Da distances, though differed in their topology, clearly marked the

separation of the Tanzanian populations from the Ethiopian and Kenyan populations.

The Landim was grouped together with the Tswana and Venda goats from southern

Africa. The MS supported the separation of the Tanzanian populations from the

Ethiopian-Kenyan populations. However, the PCA indicated that the eastern African

goat populations are genetically close to each other.
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It was concluded that microsatellite analysis is very useful in examining the genetic

relationships of closely related populations of sub-Saharan African goats. The

relationships of the breeds were according to their geographic origins implying that the

goats of eastern Africa, West Africa and southern Africa are substantially differentiated

from each other. This shows the necessity of having separate conservation programmes

for each region.
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CHAPTER 1

1.0 INTRODUCTION

The population of goats in sub-Saharan Africa is estimated at 163 millions (FAO, 1996).

Indigenous goats constitute over 95% of the total goat population. This reflects the

importance of the local genetic resources to the people of this region. Goats play a big role

in providing meat and cash income and to a small extent milk to smallholder farmers. In

addition, goats supply manure and are important for a number of social functions such as

secure form of investment, payment of bride price, religious sacrifices and ceremonial

functionally integrated into farming systems

and they are the current account or working capital as opposed to cattle which are often

considered as equity investment for rural farmers. Furthermore, goats have special

advantages over cattle in that their adaptive features such as feeding behaviour, efficient

feed utilisation and, in part, their overall hardiness enable them to effectively cope with the

stressful nature, even of marginal lands. Compared to sheep, goats are found in larger

number, have a higher reproductive rate, have got a wider ecological distribution and have

important role in the livelihood of many people of sub-Saharan Africa, especially those

living in areas with low agricultural potential.

functions. In sub-Saharan Africa, goats are

higher off-take rate (Winrock International, 1983). Thus, indigenous goats play an
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Indigenous goats are at risk of loss due to indiscriminate slaughter, neglect, inappropriate

husbandry practices and continuous crossbreeding with exotic breeds (Peters, 1987). This

general trend has led to

particularly the complex of traits adapted to climatic and environmental stress, may be lost

(Hammond, 1994). Indigenous breeds of sub-Saharan Africa have a high degree of heat

tolerance, are resistant or tolerant to many diseases prevalent in the tropics and have the

ability to survive long periods of feed and water shortages. These attributes, mostly likely

with strong genetic bases, are all essential for successful animal production in Africa

(Rege, 1992).

In many African countries south of Sahara, indigenous breeds have not been characterised.

hence, there is a risk of losing the local types through uncontrolled and indiscriminate

crossbreeding, before their special and perhaps valuable characteristics are identified and

documented. Characterisation of African goat breeds based on morphological characters

has been reported by Mason and Maule (1960), Epstein (1971), Mason (1981b), and

recently by Rege et al. (1996). These authors divide the goats of sub-Saharan Africa into

five major groups: (i) The Long lop-eared goats of North-east Africa which includes the

Sudanese Nubian and Sudanese Desert found mainly in northern Sudan, the Shukria of

Eritrea and Ethiopia and the Benadir of Somalia; (ii) the Small short-eared goats which

extend from Ethiopia and Somalia through Kenya up to Zimbabwe and some parts of

a global concern for the conservation of indigenous breeds, a

concern that is motivated by the fear that the genetic resources of indigenous breeds, and
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South Africa; (iii) the Dwarf short-eared goats which are found along the coast of West and

Central Africa; (iv) the Sahelian and Intermediate goats seen in the Savannah belt and (v)

the Southern lop-eared goats in southern Africa.

Although the indigenous goats of sub-Saharan Africa have been broadly classified into the

above groups, the distinction of many geographically isolated populations into

breeds/strains has been of controversy. Often populations are named after locations or

communities keeping them, for instances, Boran and Maasai goats are kept by Borana and

Maasai people, respectively. Consequently, phenotypically different populations have the

same names in some cases and phenotypically similar ones have different names in other

cases (Rege et <7/., 1996). The considerable variation observed among the goat populations,

specially, with regard to size and coat colours and pattern has led to some inconsistencies

in the classification of the various local populations into breeds. Furthermore, the grouping

of the goats of sub-Saharan Africa into long lop-eared and small short-eared is

controversial as the lop-eared and short-eared are often mixed together (Epstein, 1971).

Nevertheless, it is true that, given the wide geographic area and the diversified climate and

topography of the region, local populations in different places might have been isolated

drift, thus have become genetically divergent. However, the extent to which various

populations are different from each other is not clear. It is not known whether the goat

over a long period while also being subjected to varying selection pressures and genetic

populations found in different parts of the region represent distinct entities (breeds or
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strains) with the same names or they are genetically similar but have been given different

breeds/populations has resulted in inefficient utilisation of this important genetic resource.

This is because it is difficult to choose the appropriate breeds/populations, among the

many available, on which genetic improvement and conservation programmes can be

based.

There is a need to genetically characterise these animals in order to determine the genetic

diversity and describe the relationship among the different populations. This is important

for formulation of conservation programmes and development of improvement activities

for meat and milk so as to improve the livelihoods of the people. The primary measure

should be to determine the magnitude of genetic differentiation and relationships among

the populations. One way of doing this is to determine genetic distances between pairs of

breeds/populations. The computation of genetic distance requires estimation of allele

frequency data using either protein markers or DNA markers. However, techniques for the

determination of polymorphism of protein products lack the power to resolve the

differences between closely related breeds since a great deal of genetic variations remains

undetected by these methods (Meghen, et al., 1994; Dowling et al. 1996).

In recent years, a range of innovations in molecular genetics have been developed for the

study of genetic variation and evolution of populations using DNA marker genotype

on the distinctiveness of thenames in different places. The lack of knowledge



5

information. One of the recent DNA markers based

(PCR.) are microsatellites. The application of microsatellite markers is currently believed to

be useful in the analysis of genetic diversity as they are numerous, randomly distributed in

the genome, highly polymorphic and they show codominant inheritance (Ellegren, 1993).

This makes it possible to study polymorphism of closely related populations.

Microsatellites, as genetic markers, have been applied successfully in the study of genetic

variation between and among European and African cattle breeds (MacHugh et al., 1997;

genetic distances within and between sheep breeds (Buchanan et al., 1994; Arranz et al..

1998). Unfortunately, for goats, throughout the world, very limited work has been done to

determine genetic variation among breeds/populations and, in fact, information on

microsatellite polymorphism of African breeds is completely lacking.

The general objective of this study was to quantify genetic diversity within and among

sub-Saharan African goat populations and to clarify the genetic relationships among the

breeds/populations found in the region.

Specific objectives were:

1) To test whether the distribution of alleles (allele frequencies) in sub-Saharan African

goat populations deviate from Hardy-Weinberg equilibrium.

on the polymerase chain reaction

Okomo et al., 1998). Microsatellite DNA variation has also been employed to assess
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2) To estimate within-population genetic diversity of selected breeds/populations from

sub-Saharan Africa and to compare it with the genetic diversity of breeds from outside

Africa.

3) To evaluate the extent of genetic differentiation between breeds/populations of sub-

Saharan Africa.

4) To estimate genetic distances among the goat breeds/populations of sub-Saharan Africa

and between sub-Saharan African breeds and breeds from outside Africa.

5) To establish phylogenetic relationships among different breeds/populations of goats in

sub-Saharan Africa and between sub-Saharan African breeds and breeds from outside

Africa.
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CHAPTER 2

2.0 LITERATURE REVIEW

2.1 Classification and domestication of goats

2.1.1 Classification

Taxonomically, goats are placed in the order Artiodactyla, suborder Ruminatia, family

Bovidae and tribe Caprini. The other members of the Caprini are the sheep (Ovis) and

the two goat-like sheep or sheep-like goats, the bharal or blue sheep of Himalayas

(Pseudois nayaur) and the Aoudad or Barbary sheep of the Sahara (Ammotragus lervia).

Goats are divided into two genera - Capra and Hemitragus. The latter is the tahr which

has three species; Hemitragus jayakari, the Arabian tahr, H Jemlahicus, the Himalayan

tahr and H. Hylocrius in the Nilgiri hills of southern India. The genus Capra is divided

into six species (Mason, 1984):

(i) Capra aegagrus - the bezoar or wild goat and ancestor of the domestic goat. Its

distribution extends from Greece to Pakistan.

(ii) Capra ibex - the ibex, with subspcies in the Alps, the western Caucasus, Central

Asia, the Near East and Ethiopia.
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(iii) Capra caucasica - the west Caucasian tur. This species has also been called the

Kuban or west Caucasian ibex, C.ibex severtzovi.

(ivj Capra cylindricornis - the tur of eastern Caucasus.

(v) Caprapyrenaica - the Spanish ibex or Spanish wild goat.

(vi) Capra falconeri - the markhor of Afghanistan, Pakistan and Tajikistan.

All these different species or subgenera have been alleged by various authors to have

contributed to the domesticated stock (Epstein. 1971). According to Mason (1984), the

bezoar is the direct ancestor of the domestic goat and the markhor is said to have

contributed to some breeds of Central Asia (Mason, 1981a). However, Mason (1984)

argues that it is less likely that the markhor has influenced some breeds. The ibexes and

turs have not been domesticated.

2.1.2 Domestication of goats

It is generally accepted that domestic goats mainly descended from the bezoar. This is

because its horns have the anterior keel of domestic goats and their scimitar shape is

mirrored in the horns of many modern breeds, those of the ibexes, the turs and markhor

cytochrome b gene of mitochondrial DNA (mtDNA) in Asian goats, concluded that the

strongest candidate for a matriarch ancestor of domestic goats is the bezoar or pasang

are quite different. Recently, Takada et al. (1997), studying the diversity of the
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(Capra aegagrus'). The goat is the earliest domestic animal, next oldest to the dog, to be

domesticated. It was probably the first ruminant to be domesticated. There are two

principal reasons for this: Firstly, the wild goat was reported to be present in the regions

of Southwest Asia during the time when agriculture was developing. Secondly, the goat

is an extremely hardy animal, hence, could have withstood the rigours of being reduced

to the state of domestication better than other ruminants. Goats were domesticated at

first for meat. As a dairy animal, the goat is regarded as the oldest, even older than cattle

(Devendra and Burns, 1983). This is due to its convenience for milking.

Domestication of goats is considered to have occurred in the mountainous area of

millennium B.C. (Epstein, 1971; Devendra and

Burns, 1983). According to Zeder and Hesse (2000) goats were domesticated 10,000

years before present (B.P.) in the slopes of the Zagros Mountains on the border of

present-day Iran and Iraq. The evidence for time and place is based on the identification

of bones from archaeological sites. However, it has been argued that the goats could

have been domesticated not only in the Zagros range but also in Palestine or elsewhere

in the Fertile Crescent (Mason, 1984). This is because domestic goats from succeeding

centuries have been recorded in other sites in the Near East. Furthermore, phylogenetic

analysis of mtDNA has revealed three divergent lineages suggesting three separate

maternal origins of domestic goats (Luikart et al., 2001). It is believed that goats were

probably present at Caydnii in Southeast Anatolia about 7000 B.C. They were present at

western Asia between the 7,h and 9 lh
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Jarmo in Iraqi Kurdistan where the site is dated from about 6500 B.C. to the end of the

millennium B.C. They were also present in Palestine (Beidha, Elkhitam, Jericho) in

the 7 th millennium B.C. and at Sialk on the Iranian plateau as early as the 6 th millennium

B.C. Domestic goats with scimitar horns like the bezoar spread over a large part of the

millennium B.C. Goats with twisted horns are also

depicted in ancient Mesopotamia from the 4,h millennium B.C. and the small short-eared

sabre-horned generalised type was occasionally illustrated in the tomb paintings of the 4

and by about 3500 B.C. goats with spiral or corkscrew horns entered Egypt from the

Middle East. From Egypt the goats moved to the south and west. A dwarf goat was the

first true goat received by the ancient Egyptians who passed it to the rest of Africa up the

Nile valley and across to Lake Chad. The dwarf goat is recorded at Shaheinab near

Khartoum in the Sudan from 3300 B.C. The screw-homed lop-eared type later spread in

the same directions and is illustrated from Nubia and Libya in 2650 B.C. The goats of

Africa south of the Sahara are predominantly small, short-eared, short-haired and short

horned. They presumably derive from the goats that spread from Egypt southwards

through Sudan and Ethiopia into East African regions. Goats are noted to appear in East

centuries AD (Smith, 2000).

6"’

Africa by 4000 - 3500 years B.P. (Marshall, 2000) and in southern Africa by 4,h to 7,h

Old World during the Neolithic period. They were represented in vase paintings from

ancient Mesopotamia in the 4 lh

111 millennium B.C. It is believed that by the 5lh millennium B.C. goats had reached Egypt
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2.2 Goat genetic resources of sub-Saharan Africa

2.2.1 Classification criteria for African goats

Over the millennia, goats have been migrating with their human keepers throughout the

world. Consequently, through natural and artificial selection, breeds and types, which

vary greatly in appearance and performance, have evolved in different parts of the world.

The indigenous breeds of Africa have developed mainly through genetic isolation and

important role in

shaping the present-day populations through traditional breeding systems dating back to

the original African livestock keepers. However, African goats are not classified in terms

of breeds in the western sense in which a breed has animals of a more or less closed

population of interbreeding animals similar in some conspicuous traits such as colour,

conformation etc, with a breed society, breed standard and herd book. Breeds in Africa

based on groupings of those populations/ecotypes which seem to be similar. The names

of breeds normally refer to tribe or location of the people keeping such animals. The

Many methods of classifying domestic goats have been used by various authors using

different criteria such as ear length (Mason and Maule, 1960), geographical origin

genetic composition of these populations reflect their values to their traditional owners.

are largely populations/ecotypes found in different countries and the classification is

natural selection. Also African livestock keepers have played an
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combination of horns and ear characters, with geographical and functional consideration

authors differ in details of breeds/strains, the main groups are the same in each case.

They divide the goats of sub-Saharan Africa into three main groups; the long lop-eared

types of the north-east and south Africa, the short-eared dwarf goats of west Africa and

the small short-eared types of eastern Africa. In between, however, there are various

transitional groups. For example, the lop-eared Sahelian goats in northern Africa

gradually mix with the dwarf goats toward the southwest in the border of the Sahara

desert and the lop-eared Nubian goats in Northern Sudan and Ethiopia give way to small

short-eared goats towards the south. The lop-eared goats reappear again in the southern

part of Africa.

2.2.2 Breed types

African breeds in general have been described by Epstein (1971), those in eastern and

southern Africa by Mason and Maule (1960), in South Africa by Joubert (1973), and in

West Africa by Mason (1951). The distribution of the major breeds of sub-Saharan

Africa is shown in Figure 1. In the review under this section, African goats will be

grouped according to the classification of Rege et al. (1996), with some modification

whenever necessary. Nevertheless, the above-mentioned references (Mason and Maule,

as supplementary criteria (Mason, 1981b, Rege et al., 1996). Although the various

(Devendra and Burns, 1983), climate (Epstein, 1971), function (Payne, 1990), a
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I960; Epstein, 1971; Mason, 1981b) are the main sources of information used in the

description of the following breeds.

2.2.2.1 The long lop-eared goats of Northeast Africa

This group includes the Sudanese Nubian, Sudanese Desert, Shukria, and Benadir.

i) Sudanese Nubian

The Sudanese Nubian goat is also known as Beladi. It is the typical goat in urban and

riverain Sudan north of latitude 12°N. It is basically of medium size with straight or

convex profile. It is usually horned in both sexes and the horns are small and curved

backwards. It has long lop-ears and it is black in colour and hairs are long. It is a good

milker.

ii) Sudanese Desert

This breed is a typical goat of arid areas (desert and semi-desert) of northern Sudan and

south of Egypt. It is variable in size (medium to large) and both sexes are homed, the

horns being long, twisted and projecting laterally. The male usually has a thick mane and

beard. Ears are of medium size and pendulous. Hair is short and the coat colour is
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variable ranging from white to black, but most of the goats

prolific, usually producing two kids at each parturition.

iii) Shukria

This goat is similar to the Sudanese Nubian. It is found in western Eritria’s lowlands and

northwest Ethiopia. It is of medium size with a convex profile and curved or straight

horns. The ears are long and pendulous and the males have beards and ruffs but no

tassels. It is brown in colour with long hairs. The goat produces single kids but it has

good milk yield.

are grey, marked with black

or brown. Milk yield is much lower than the Sudanese Nubian but the females are
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iv) Benadir

This is a goat breed of Webi Shibeli valley in southern Somalia. It is large in size with a

good conformation and good muscling. Homs are more or less robust, pointing

large and pendulous with turned up tips. The

coat is usually short and smooth but sometimes long and coarse. The coat colour is often

red-spotted or black-spotted; plain white is rare.

2.2.2.2 The Intermediate Types or Short Eared Twisted Horns

This group represents goats intermediate between the West African dwarf and the

Sahelian goats. Among the several types of intermediate goats, the famous and well

Sahelian.

i) Red Sokoto or Maradi

This breed is found in northwest Nigeria and in Niger where it is known as the Chevre

intermediate between the Sahelian goat and the dwarf goat. It is homed in both sexes.

The ears are short and oriented horizontally. Hairs are short and the coat is soft with

backwards and running parallel. Ears are

developed ones are the Red Sokoto or Maradi and the West African long legged or

rousse or Maradi. The goat is of variable size (small to medium size) but generally
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bright mahogany-red colour. It produces milk, but the goat is most famous for its skins,

twins and triplets, even quadruplets. The major drawback of the goat is its lack of

hardiness. It is not suited as a range goat and is not capable of long treks.

ii) Sahelian or West African long legged

Sahel goats are found in the Savannah belt lying between the tropical forest of West

Africa and the desert of northwest Africa. This group of goats is of larger size and has

long legs. Facial profile is straight or slightly convex. Homs are thin, flat and twisted in

males and sickle-shaped in females. Sometimes males have long twisted homs

usually short andprojecting upwards. Beard and tassels

horizontal, sometimes moderately long and pendulous. Hair coat is short and fine. In

males, the forehead is occasionally covered with a long forelock, while tufts of long hair

extend over the shoulder and outer surface of the thighs. The commonest colours are

white, black and brown, usually combined into a pied or tri-coloured coat. The goat is

adapted to the arid conditions of sub-Saharan savannah regions. The females produce

one kid per parturition but they are valued for milk, meat and skin.

are common. Ears are

which are the raw material for Moroccan leather. It is prolific, sometimes producing
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2.2.23 The West African Dwarf (WAD) goats

This rather large and diverse population is also known as Fouta Djallon. It is widespread

in the coastal countries of west and central Africa south of latitude 14°N. Similar types

are also found in southern Sudan, west of Zaire, Angola and northern Namibia. Its main

feature is that it is generally an achondroplastic dwarf, i.e., it has disproportionately short

its plump body. The horns are very short such that their twist is not conspicuous, a few

are polled. The ears are short to medium sized and erect or carried horizontally. The coat

is short but the males often have a ridge of longer hair along the spine and beards. The

most common coat colour are ‘wild agout’ (fawn to brown with black back line, belly

and tail) or black, brown, grey or black and white or tri-coloured (white, red and black).

but either pattern of colours are encountered. It is basically a meat goat but, most

importantly, it is trypanotolerant. The dwarf goats have been widely exported to Europe

and North America for many decades, originally for their novelty value in zoological

gardens, and then as laboratory animals. More recently, they have become popular as

pets in Europe and North America where different breeds have evolved such as the

African pigmy and Nigerian dwarf in U.S.A., Pigmy in Britain and Dutch dwarf in The

Netherlands.

legs (about 40 - 50 cm long) which are often bent, a short, broad head and a pot belly on
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2.2.2.4 The Small Short-eared goats

The major breeds grouped under Small short-eared goat type

(Galla) and Small East African goats.

i) Abyssinian

The Abyssinian goats are widely distributed in Ethiopia and Eritrea. They have straight

to concave facial profiles. Both males and females are bearded and have ruffs and tassels

are short (average 14 cm). Coat length varies according to type from smooth short hair to

coarse long hair. The colour is fawn, often patched with either white or brown. However,

some animals are black, grey or reddish-brown with or without patches. The breed is

prolific, often having twins and sometimes triplets or even quadruplets. Some strains like

the Kefa is valued for milk, meat and skins.

ii) The Somali group

The Somali goats include most goat varieties in Somalia and in the Somali region of

Ethiopia (Ogaden). A similar type is found in the northeast Kenya where it is called

Galla. This group is intermediate in size between the desert goats of North Africa and

are sometimes present. Horns tend to be straight with some animals being polled. Ears

are Abyssinian, Somali
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the small goats of East Africa. The goat has relatively small head with a slightly dished

profile. The male has short and slender horns, which may be spiral or crescentic in

shape. The female’s horns are small but many are polled. The male has a short beard.

Ears are short and either erect or directed forward. Hair is short and the colour is brilliant

reddish tinge

shoulders and often with brown or black spots around the eyes, ears and nose. The skin

has black pigmentation. The breed is adapted to dry environment and is used for meat

and skin production.

iii) Small East African goats

This is the most widespread and numerous goat type in Kenya, Uganda and Tanzania. It

is also the dominant goat type of Rwanda, Burundi, Zambia, Malawi, Mozambique and

here and there in Zimbabwe. The breed is a very variable type in body size and general

characteristics. The majority have fine shapely heads, characterised by a straight or

slightly concave facial profile. Homs grow backwards and upwards or laterally, varying

considerably in length from very short (2.5 cm) to moderately long (25 cm) and often

scimitar-shaped, especially in females. In males beard and tassels may or may not be

present. The ears are short and in most cases erect, but sometimes horizontal. The hair is

usually short and soft, though males often have longer hair along the spine and

sometimes on the shoulders and flanks. The colours and pattern vary considerably, but

or with coloured patches on the neck andwhite, occasionally with a
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multi-colour. The breed is praised for its hardiness and is used mainly for meat and skin.

In some areas this general type has become distinct, for example, in Uganda, varieties

include the Mubende of Buganda which has short, fine and usually pure black hair (some

animals are pied). The variety is valued for skin. The Kigezi of southwest Uganda has

long hair and black colour or grey. It is prized for its long hair, which is used to make

clothing.

2.2.2.5 The Lop-eared Southern goats

Nguni, Damara, Tswana, Ndebele, Pafuri, Boer and Angora.

i) Pafuri

The Pafuri of Mozambique is found in the Limpopo, northwest of Gaza in Suldo

province. It is also called Boer goat because it descended from male Boer goats which

1928. The goat has a convex profile and well developed horns. Ears are flat and

drooping with rounded tips. Coat colour is very variable, it may be black, red, white,

lop-eared in the south of Africa areThe most important indigenous breeds which are

common colours are black, brown, white and grey in various combinations of bicolour or

were introduced into the Pafuri’s present breeding area and crossed with Landim in

A..
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grey, brown or pied. It is a meat and milk goat. The breed has been documented as

endangered.

ii) Ndebele

characterised by long lop-ears

carried horizontally. The horns are

usually short, but some have longer

hairs especially on the hind quarters. The variable coat colours include white, black and

brown, and may be spotted or pied. It is a meat goat.

iii) Nguni

The Nguni goats of Swaziland and Zululand are also known simply as Swazi or Zulu

goats. The goat is of fairly large size (30 - 40 kg adult live weight). Both sexes are

horned and the horns are twisted. The ears are of medium length and flabby. The coat is

usually short, but some males have long hairs on the upper part of the extremities. The

coat colour is very variable, black, white, grey, whole or mixed. It is principally a meat

goat.

short and erect, some animals are polled. Hairs are

The Ndebele of Gwanda-Tuli, southwest Zimbabwe are

that turn up at the tips, but sometimes the ears are
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iv) Damara

The Damara or Herero of Namibia is characterised by either straight or convex facial

short and can be of many colours but is usually white, red and white or brown and white

and sometimes red or grey. It is mainly a meat goat.

v) Tswana

The Botswana type is a lop-eared goat with erect, medium size horns but some animals

may be polled. Ears are usually long and pendulous with tumed-up tips, but sometimes

may be horizontal. Hairs are usually short but may be long on the hindquarters. Colours

include white, black, brown and spotted or pied. It is a meat goat.

vi) Boer

The Boer goat of South Africa was derived principally from Hottentot goats. It became

known as Boer goat during the 19th century in order to distinguish it from the Angora

goat. Ideally, the modern Boer is totally white with a chestnut-red head and white blaze.

The horns are prominently rounded and set well apart growing with a gradual backward

curve. The head is strong with roman nose and large eyes. Ears are broad, drooping and

profile with medium length horns. The ears are long, wide and drooping. The coat is
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of medium length. The coat is soft, smooth and grossy and the hairs are short to medium

in length with no woolly undercoat. It has been bred deliberately as a meat goat.

However, it has good milk yield (1.3 - 1.8 kg/day). Also it produces a good quality skin

and has a high reproductive rate (7% triplets, 50% twins).

vii) Angora

Angora goats were introduced into South Africa in 1938 from Anatolia in Turkey. They

are also found in Lesotho. The goat has a straight or slightly concave facial profile.

Horns are short to medium in length with a homonymous twist. Ears are of medium

length and pendulous or semi-pendulous. It is almost pure white in colour. The Angora

goat is unique in producing true fleece (mohair).

2.3 Conservation of domestic animal diversity

2.3.1 Meaning and importance of Domestic Animal Diversity

Domestic animal diversity has been defined by Hammond (1993) as the spectrum of

genetic variation existing among species, breeds and individuals, of all animal species

which have been domesticated, and their immediate wild relatives. This genetic variation

has been developed during the millions of years of evolution to form and stabilise each
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species. Globally, there are about 40 species of domestic livestock (FAO, 1995) which

have been domesticated by humans

domestication, however, separate and genetically unique breeds and strains have

developed within each species as a result of human development and occupation of new

areas over the planet. According to FAO (1995), there are about 4,000 to 5,000 breeds

and strains of domestic animals in the world, of which 300 are breeds of goats

(Devendra and Bums, 1983). These breeds and strains are referred to as the global

animal genetic resources and the genetic variation both between and within the breeds is

described as the diversity within the species of domestic animals. The selection

processes, both environmental- and human-directed, have resulted in much of the

diversity existing between breeds. Differences among the breeds have been created by

reproductive isolation, often imposed by humans through pursuit of different breeding

objectives and physical separation for various lengths of time. As a consequence of

physical separation, each breed/strain has been adapted to particular ecological

conditions to suit the local climate and the requirements of the community. Thus, in the

conservation of domesticated species, it is the diversity between breeds, rather than the

variation between species, which is of crucial importance (Hammond, 1993; Barker,

1994).

Intraspecific diversity has got both within-population and between-population genetic

components. Genetic variation at the population level consists of the differences in the

over the last 12,000 years. In the process of
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types of alleles present and their frequencies across all members of a population

considered together. Within population genetic variation is caused by change of allele

frequencies over time due to selection, random genetic drift and gene flow (immigration

from or emigration to other populations). Within population genetic variation is

important as it is related to heterozygosity which is known to enhance fitness-related

characteristics (Allendorf and Leary, 1986). Between-population variability arises both

from random processes (founder effects, demographic bottlenecks, genetic drift and

mutations) and from local selection imposed by environment and humans (Hartl and

Clark, 1997). Between-population variability is the result of adaptations of populations

to their local conditions and it is important since locally adapted populations may have

particular genes or gene combinations critical for viability in their local environment.

For conservation of animal diversity, it is therefore, important that both within- and

between-population variation be maintained. This will enable better utilisation of

animals for production of food and agriculture to meet the current needs of humankind

while maintaining the potential to meet the range of future possible changes and needs

(Hammond, 1993; FAO, 1995). This is because genetic diversity is the basis for a

species evolutionary flexibility and responsiveness to environmental changes.

One reason put forward to support conservation of genetic diversity is that the

improvement of domestic animals to meet human needs is dependent on genetic

variation both within- and between-breeds/strains. Loss of genetic diversity will likely
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decrease the ability of animals to respond to environmental change and will also discard

genetic information potentially useful to humans (Primack, 1993; Hunter, 1996). The

earth’s climate varies widely and is continuously changing. It is the diversity of species

and breeds that will allow the environment to be utilised efficiently and throughout the

years both in temperate areas and in the tropics. The arguments for conservation,

particularly in developing countries, are strengthened by the predictions of the scale of

human population growth. It has been predicted that, human needs for food will double

over the next two generations with the demand for animal products increasing more

rapidly than that of plants (Hammond, 1993; Hammond, 1994). With increasing

population pressures, the quantity of food and other products must increase. In

developed countries consumer emphasis on product quality is increasing. Changing the

production level and product quality require different types and varieties. In addition.

changes in food and agriculture production will require new combinations of plant and

animal species and lines (e.g. breeds and varieties) and changes of management and

production strategies. Sustainability in these new production systems will require

different genetic types (FAO, 1995).

The second reason put forward to support conservation of domestic animal diversity is

that, for a long time to come, the large differences between regions in human needs for

food and agriculture and in production capability will persist. According to Hammond

(1994), almost three quarters of the world agriculture will remain at the low- to medium-
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input levels where animal production environments incorporate combinations of stress

such as feed shortage, disease, drought and heat. Breeds in these environments are

reservoirs of genetic information responsible for the adaptations necessary for

production under adverse environment. Although they have been overlooked, the breeds

which are able to produce in harsh conditions, in future may make important

contribution to feeding humans most in need (Simm, 1998).

A third reason for conservation of domestic animal diversity is that sustainable

crossbreeding schemes require at least two viable purebred populations and often more.

Trends towards fewer breeds will reduce the opportunities for improvement of

productivity through crossbreeding.

A fourth reason is that the wide variety of livestock breeds and strains we have today is

part of our cultural heritage and deserves protection. At the level of breed, unique

genetic differences exist between the breeds of each domestic species, for example in

goats, the Nubians have high milk yield, the Small East African are hardy animals and

the West African dwarf goats are trypanotolerant. Thus, genetic diversity at the level of

species can be exploited simply to satisfy human needs for varieties.
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2.3.2 Loss of genetic diversity in domestic animals

Concern about reduction in genetic diversity has been expressed primarily in terms of

loss of breeds and strains. It is postulated that the current rate of extinction of species,

breeds and strains is greater now than at any time in the past (Hammond, 1993). It is

estimated that at least 30 to 40% of all animal genetic resources are currently at high risk

of extinction (Hammond, 1994). However, adequate records do not exist to enable

reliable estimates of either loss rates of the breeds or of domestic animal diversity itself.

Thus, the existing data on the number of endangered breeds are likely to be

underestimates of the magnitude of the problem. The loss of genetic diversity is

occurring both within populations and among populations.

2.3.2.1 Loss of diversity within populations

The factors that diminish genetic diversity within populations are genetic bottlenecks,

random genetic drift, inbreeding and human activities. All the four factors are functions

of population size (Lacy, 1987; Lande and Barrowclough, 1987).

a) Genetic bottlenecks

A demographic bottleneck occurs when a large population experiences a severe,

temporary reduction in size due to environmental or demographic events. In domestic
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livestock, natural catastrophes which occur at unpredictable intervals include such things

as drought, disease outbreak and war. These catastrophes kill a certain percentage of a

population. One result is that the genetic variability of all subsequent generations is

contained in the few individuals that survive the bottleneck and reproduce. Hence, some

genetic diversity is lost in the process, the magnitude of the loss depends on the size of

the bottleneck and the growth rate of the population afterward (Hunter, 1996). Another

phenomenon related to bottleneck effects is a founder event. A founder event occurs

when a few individuals of a population establish a new population. The genetic

constitution of the new population depends upon the genetics of the founders. The

genetic diversity of the original larger populations is reduced because the sample of

genes in the few founders is not likely to be representative of the original gene pool.

Generally, passing through a genetic bottleneck can create two problems (Carson, 1983):

survive, and a reduction in the amount of variation in genetically determined

characteristics due to the presence of fewer alleles and decline in heterozygosity. Baker

and Moeed (1987) have shown that the founder populations of several species of

introduced birds have fewer alleles and lower heterozygosity than the source

populations. Bottlenecks have been shown to reduce allozyme heterozygosity (Leberg,

1992). Leberg (1992) suggested that extremely low levels of allozyme heterozygosity in

broad geographical surveys imply the occurrence of one or more recent severe

a loss of certain alleles, especially rare alleles, if no individuals possessing those alleles
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bottlenecks. The overall effect of bottlenecks is the decline in fitness of the individuals

in the populations.

b) Random genetic drift

Genetic drift is a random change in gene frequencies in small populations, attributable to

sampling error. In small populations each generation retains just a proportion of the gene

pool of the previous generation. After many generations of random genetic drift, small

populations will usually result in loss of variability as a consequence of fixation of some

alleles on loci and loss of other alleles.

c) Inbreeding depression

Mating among close relatives results in inbreeding depression. Its probability of

occurrence increases in small populations if matings occur at random. Inbreeding allows

the rare, harmful recessive alleles to become expressed in the homozygous form, with

Charlesworth and Charlesworth, 1987; Lomker and Simon, 1994) such as reduction in

fertility, fecundity, offspring size, growth and survival, and physical deformities. Since

inbreeding depresses reproductive fitness, it is assumed to increase the risk of extinction.

This presumption is supported by correlation between extinction and inbreeding in

laboratory and domestic animals (Soule, 1980).

resulting harmful effects on the offsprings (Selander, 1983; Ralls et al, 1988;
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d) Human activities

Extinction of species, breeds and strains/varieties through human activities represents the

greatest threat to genetic diversity. The major threats to genetic diversity that result from

human activity are habitat destruction and degradation, pollution, introduction of exotic

species, and over-exploitation (Frankham, 1994). These threats are all caused by an ever-

increasing use of the world’s natural resources due to expanding human population and

development of market economy. The growth of towns, factories and mines in

developing countries creates a cash market for livestock products. Consequently, the

traditional farmers who formerly kept animals for their own needs begin to supply the

cash market. Genetic variation is being lost as farmers in developing countries abandon

their local breeds in favour of high-yielding breeds for commercial production. Even if

human activities do not directly eliminate a breed or strain, loss of genetic variation is

taking place as the numbers of individuals in populations are reduced. In the long run the

longer viable and may eventually go extinct.

2.3.2.2. Loss of diversity among populations

isolated populations experience an artificially high rate of gene flow from other

populations. In domestic animals this is typically happening as traditional fanners mix

population size of a breed or strain may become so small that the breed/strain is no

Loss of among-population genetic diversity occurs when historically divergent and



33

and interbreed populations by moving from one place"to another when they set up new

settlements. Also it occurs through crossbreeding by increasingly promoting universal

that the uniqueness of formerly distinct breeds/strains is diminished or lost. Moreover,

subpopulation, merging may result in the break-up of these and the loss of the particular

adaptedness of each subpopulation to its environment (Templeton, 1986). Lacy (1987)

has shown that the effect of gene exchange between subpopulations is to increase the

variance within groups, decrease the variance between groups and decrease the total

variance. According to Hammond (1994) about 50% of the total variation for several

quantitative traits in cattle, sheep and pig breeds is at the between-breed level, the

remainder being common to all breeds. Hence, a move to one breed would eliminate half

of the total variation. Loss of genotypic variance is irreversible as is the loss of alleles

from a population. This is because it is impossible to sort out the alleles into groups of

genotypes resembling the original subpopulations (Nelson and Soule, 1987).

2.3.3 Approach to conservation of animal genetic diversity

Conservation of genetic resources has become a major issue of public interest in the last

decade or so. This is due to the fact that genetic diversity is the basis for a species

evolutionary flexibility and responsiveness to environmental changes and loss of genetic

use of very few superior breeds per species to upgrade local breeds. The result of this is

there are concerns that, if there exist co-adapted groups of genes within each
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diversity will restrict the opportunities available to mould our domestic animals to meet

unpredictable future changes and requirements. Hence, genetic diversity needs to be

preserved. Although loss of variation within breeds is continually balanced by the

introduction of new variation through

mutations as they generally have deleterious effects on reproductive fitness (Frankham,

1994). Moreover, the genetic variation present as differences among breeds cannot be

readily regenerated. Each breed or strain is a product of mutation, genetic drift as well as

separate adaptation and evolution, often over many centuries and different selection

pressures imposed by climate, endemic parasites and diseases, nutrition and selection

imposed by humans. Each breed, thus, comprises a unique set of genes which should be

conserved.

Conservation of domestic animal diversity has been defined as the sum total of all

operations involved in the management of animal genetic resources such that the pool of

best utilised and developed to meet immediate and short term human needs while

maintaining the diversity they harbour to meet possible longer term needs for future

generations. Most attention in conservation of animal diversity has been directed

towards rare breeds. However, in management of animal genetic resources, the

fundamental problem is not the distinction between the breeds that are endangered and

management of human activities in such a way that these animal genetic resources are

new mutations, it is unwise to rely on new

genetic diversity is maintained over time (Hammond, 1993). It encompasses
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those that are not, but between those that are perceived to have little or no current utility

and those which do have current utility or seem likely to have an immediate future use

(Barker, 1994). According to Notter et a/.(1994), the critical issues in conservation of

domestic animal diversity includes: First, defining utilisation strategies for available

breeds to optimise production efficiency and sustainable utilisation throughout the global

range of environments and production systems, and livestock improvement strategies

that make appropriate use of global domestic animal diversity. Second, development of

optimum strategies for assessment and preservation of the genetic diversity which exists

in breeds that are little or not currently favoured in commercial production. FAO (1995)

has recommended the following strategies for effective management of domestic animal

diversity at global level and for each species:

- Identifying and listing all breeds,

- Describing and characterising breeds in order to understand their unique qualities and

potential contributions and to understand which breeds have the potential to make the

greatest variety of future contributions,

- Monitoring the population statistics for each breed and regularly reporting to the world

those populations currently at risk of extinction,

- Storing adequate samples of as many breeds as possible, generally in the form of

frozen semen, ova, and embryos, to enable the future regeneration of lost populations of

animals.
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used for conservation of genetic resources to support future

livestock improvement: in-situ conservation and ex-situ conservation.

2.3.3 1. In-situ conservation

Hammond (1994) in-situ conservation is primarily the active breeding of animal

populations for food and agriculture, such that diversity is both best utilised in the short

term and maintained for the longer term. Operations pertaining to in-situ conservation

include performance recording and development (breeding) programmes. It also includes

ecosystem management for sustainable production of food and agriculture. It has been

suggested that the number of animals required to maintain a breed in western countries

ranges from 150 to 1500 breeding females, depending on the species and reproductive

rate. However, in developing countries the number should not decline below 5000

breeding females (Hodges, 1990). The advantages of this approach are that the animals

evaluated, and the breeds have the opportunity to evolve. The disadvantages are that

selection and genetic drift may result in unfavourable genetic changes if the population

is small. There is a risk of increasing inbreeding and hence homozygosity, which is

associated with reduced fitness. The animals are at risk from diseases and other natural

disasters. Also, they are likely to be less productive and so more costly to maintain.

In general, two methods are

are still being utilised, the performance characteristics can be properly recorded and

This involves maintaining breeds in their normal farm environment. According to
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2.33.2 Ex-situ conservation

storage. Generally three approaches are used for ex-situ conservation.

a) Maintaining breeds in farm parks or other collections

This involves the preservation as live animals of a sample of a breed in a situation

removed from its normal production environment or habitat. Many of the pros and cons

are similar to the in-situ conservation method. However, there is potentially more control

over management of the population. It has been suggested that 50 individuals should be

the minimum number necessary to maintain genetic variability (Franklin, 1980). With

this population only 1% of the genetic variability will be lost per generation. This figure

is on the safe side as it has been indicated that animal stocks can be maintained with a

loss of 2 - 3% of the variability per generation (Primack, 1993). According to Notter et

al. (1994) populations can be maintained at an inbreeding rate of 1% per generation

corresponding to effective population size (Ne) of 50 which can be achieved with 14

males and 100 females under random mating.

b) Creating a conservation herd (gene pool)

This involves crossing several rare breeds together, then breeding them to maintain

genetic variability. It is an effective way of conserving genetic variation for two or three

In the context of conservation of domestic animal diversity, ex-situ conservation means
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breeds. Maintenance of genetic diversity is almost better served by pooling five breeds

in a conservation herd with Ne of 250 (Notter et al., 1994). However, there is a greater

risk of losing useful genes when more populations are combined. The disadvantage of

this approach is that, although useful genes may be conserved, the identity of individual

breeds is lost.

c) Cryopreservation

This involves frozen storage of rare breeds in the form of living semen, ova, embryos or

tissues, which can be used to regenerate animals. Cryopreservation of semen and

embryos is a powerful tool for preservation of genetic diversity (Moore, 1985). Where

there is a critical threat of a breed becoming extinct, preservation of genetic material of

individual animals in the form of germ cells and embryos is necessary to ensure that an

adequate genetic pool is retained for future improvement programmes. Technologies for

the use of artificial insemination (Al) and embryo transfer (ET) can provide support for

this approach. The use of frozen semen in conservation programme is particularly

feasible where a tradition of use of Al is already strong. Collection of semen of

endangered local breeds should take place as part of the Al programme. According to

Smith (1984), semen from 25 unrelated sires would provide an exceptionally good

sample of the genetic diversity of a breed. However, Notter et al. (1994) recommended

cryopreservation of semen from five breeds with 10 sires from each of the breeds and

argued that this will provide greater preserved diversity than frozen semen of 25 sires of
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each of two breeds. For multiple alleles, the probability of retaining all alleles from the

conservation herd maintained by random mating alone (Lomker and Simon, 1994).

utilisation. If frozen semen is used as the only method of conservation, then several

generations of backcrossing are needed to reinstate the breed concerned. In contrast,

breeds can be reinstated rapidly from frozen embryos. Embryo preservation is

the generation interval is

recombination of cytoplasmic alleles does not occur across maternal lineages. These

alleles are effectively conserved by maintenance of even a modest number of female

lineages. However, for all species, the likely cost per haploid genotype maintained or per

animal sampled is much less for semen than for embryos (Notter et al., 1994). In

general, embryo preservation should be attempted only when ET is already in use for

livestock improvement or when a breed has both clear potential value and a high

likelihood of extinction.

Frozen storage of semen and embryos have the advantage that after the initial

investment, they are relatively inexpensive. Semen and embryos provide much greater

refractory to natural breeding conditions (Moore, 1985). In addition, the breed being

particularly important when the reproductive rate is low or

flexibility for finding ways of enhancing the reproduction of individuals which are

rare breed is higher for the conservation herd supported with frozen semen than for a

long. Furthermore, maternal cytoplasmic genes cannot be preserved from semen, as

However, the ability to rapidly recreate living purebreds is a key issue in germplasm
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conserved is free from unintended genetic change (Simm, 1998). During storage frozen

genetic material is at less risk from disease and natural disasters than live animals, but

obviously at risk from technological failures. These risks can be minimised by splitting

the material collected from a particular breed or population and storing it in different

locations. The disadvantages

successful or presently available for all individuals or all species and the expertise is not

always available in the places where it is needed most. Also, the breeds conserved in this

way are not able to adapt to changes in the production environment or new disease

challenges. Semen or embryos frozen now may as well be unable to meet future

requirements for improvement.

2.4 Molecular Techniques for the Assessment of Animal Genetic Diversity

2.4.1 Rationale for molecular genetic approach

Phenotypic characterisation has traditionally been used in the description of breeds. The

characters vary from external features (horns, ears, coat colour), physical body

measurements (heart girth, height, body length), production traits (body weight, milk yield,

wool production, carcass traits), reproductive traits (fertility, age at first kidding, kidding

interval) to adaptive traits (mortality, resistance to diseases, tolerance to heat and poor

management and feeding) (Aboagye, 1992; Aboagye et al., 1994). The description of

are that reproductive technologies are not uniformly
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breeds with respect to coat colour, horns, physical body measurements and productive

traits is based upon observation of the phenotype. This is due to the fact that an organism's

phenotype is principally a manifestation of its genotype. Phenotypic characters have the

advantages of being easily seen and measured and usually much lower costs are incurred

during phenotypic characterisation (Minelli, 1993). For these reasons, phenotypic

characters have been used extensively for characterisation of breeds. One of the problems

associated with phenotypic characterisation is the difficulty in combining different

measures in order to provide a useful tool for the description of a given breed. Most

phenotypic characters are polygenetically inherited and many of them are influenced by

environmental effects, sometimes with a genotype x environment interaction. Furthermore,

phenotypic characters are affected by natural selection. Therefore, due to the influence of

different environmental conditions and different selection pressure on different kinds of

characters, interbreed phenotypic comparison is unlikely to give meaningful results.

Earlier work to study genetic variability of individual animals and populations employed

screening of protein variants by gel electrophoresis. Polymorphism in gene products such

as enzymes, blood group systems and leucocyte antigens have been used for investigating

genetic phenomena at the molecular level. Using the above protein markers, numerous

studies have estimated genetic variability, gene flow and phylogenetic relationships among

populations (Barbanchao et al., 1984; Nguyen 1990; Pepin and Nguyen 1994). However,

these techniques lack the power to resolve the differences between closely related breeds



42

(Meghen et al., 1994; Dowling et al., 1996) since a great deal of genetic variation remains

undetectable by using protein markers. Moreover, the genotype frequencies estimated from

protein markers may be influenced by natural selection among alleles (Allendorf et al.,

1983; Pemberton et al., 1988; Mopper et al., 1991) making it difficult to interpret

interpopulation comparisons. Since the goal of breed characterisation is to determine the

within- and between-breed genetic diversity, the near ultimate description of an animal

should be a description of the sequence of nucleotides that comprise its genome.

Describing differences and similarities in the DNA of two or more populations can provide

the measure of relative genetic distances of such populations from each other (Kemp,

1992). The analysis of DNA has several significant advantages over protein markers for

the study of molecular population genetics and systematics (Dowling et al., 1996). First,

the genotype rather than the phenotype is assayed. Second, the expression of DNA markers

is not influenced by development or by environmental factors. Third, one or more

sequences appropriate to a problem can be selected on the basis of evolutionary rate or

mode of inheritance. Fourth, the methods are, for most part, general to any type of DNA

and, fifth, DNA can be prepared from small amounts of tissues and is relatively stable,

information on rare or endangered species can be obtained without destructive sampling

(Taberlet et al., 1997) and it is possible to analyse DNA from extinct populations or

species (Taylor et al., 1994). More recently, molecular data from DNA markers have

received particular attention in the study of population variability because of their possible

even in non-cryogenetically stored tissues. The last attribute means that genetic
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are much less subject to natural selection than phenotypic traits.

2.4.2 Molecular techniques in the study of animal genetic diversity

The past decade has witnessed the development of DNA-based techniques for the study of

molecular evolution and population genetics. A variety of different molecular techniques

are now being used in various laboratories for the study of inter- and intra-specific genetic

variation at the DNA level. The most widely used techniques are restriction fragment

length polymorphisms (Southern, 1975) of nuclear DNA (Jeffreys and Morton, 1987) and

mitochondrial DNA (Loftus et al., 1994), minisatellites (Jeffreys et al., 1985; Jeffreys and

Morton, 1987), microsatellites (Weber and May, 1989), random amplified polymorphic

DNA (Williams et al., 1990), amplified fragment length polymorphism (Vos et al., 1995)

and sequencing of mitochondrial DNA (Cunningham et al., 1994). These techniques differ

in the type of data they generate, in the way that they resolve genetic variations and in the

taxonomic levels at which they may be most appropriate.

2.4.2.1 Restriction Fragment Length Polymorphism (RFLP)

In RFLP, DNA is digested with restriction enzymes that cut DNA at particular sites within

a specific recognition sequence, typically of 4 - 6 base pairs (bp) long (Dowling et al.,

use in determining the chronology of evolutionary events. This is because DNA markers
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1996). Since each enzyme cleaves DNA at a characteristic recognition sequence, the

complete digestion of a particular DNA produces an array of fragments. These fragments

are separated by gel electrophoresis and blotted onto a filter and then probes are hybridised

to the DNA. Variations in fragment lengths between individuals, populations or species is

a result of mutations, which either alter restriction sites or lead to insertions/deletions of

cleavage sites. Such polymorphism in a specific gene locus can be used to distinguish

animal species, populations and individuals. The advantages are that, RFLPs give highly

distinguishable. The limitations of RFLPs are: It is labour intensive and relatively

expensive because a good supply of probes is needed and the blotting and hybridisation

steps are time-consuming and difficult to automate. The extent of detectable polymorphism

may be limited for intraspecies comparison. And sufficient quantities (e.g. lOpig per

digestion) of good quality DNA are required. Because of the last limitation, RFLPs are not

applicable where very limited amount of source material or preserved tissues are available.

2.4.2.2 Mitochondrial DNA (mtDNA) analysis

Mitochondrial DNA (mtDNA) sequence differences among individuals or populations can

be assayed indirectly through restriction site analysis (Loftus et al., 1994) or directly

through DNA sequencing (Cunningham et al. 1994; Bradley et al., 1996; Kikkawa et al.,

1997). The former is often less expensive and allows rapid screening of large samples. The

reproducible band patterns and are codominant markers, hence, heterozygotes are
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latter is more laborious but provides data in their most elemental form. In restriction site

analysis, isolated mtDNA is digested with a restriction enzyme and the resulting fragments

separated by gel electrophoresis. Genotypes

fragment pattern for a band of 10 - 20 restriction enzymes. The pattern of restriction site

loss or gain among genotypes for a panel of restriction enzymes can be used to estimate

genetic distinction and evolutionary history of populations or species (Avise, 1994). In

sequencing, mtDNA genes are directly sequenced via the PCR using universal primers that

allow amplification of sequences as much as several thousand base pairs in length. Since

different genes in the mtDNA genome evolve at different rates, rapidly evolving genes can

be analysed to determine the relationship of recently diverged populations, whereas slowly

evolving genes can be used to answer for systematic questions involving distantly related

species.

The reasons for increasingly widespread use of mtDNA in the studies of animal

populations are: the matrilineal inheritance and concomitant hyplotype transmission,

general conservation of gene order and composition (especially among closely related

forms), rapid rate of sequence divergence (especially in vertebrates), small size as

compared to the nuclear genome and relatively ease of isolation and purification. The

drawbacks of using mtDNA for population studies are, first, the lack of recombination

makes the mitochondrial genome a single heritable unit (effectively a single locus with

multiple alleles) potentially producing gene diversity estimates that have larger standard

are comprised of the composite restriction
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individual copy number variation of certain tandemly repeated lengths (more rarely sites)

variants than formerly realized. This variation may reflect de novo replication errors and

not necessarily heritable changes. Third, a small chance of paternal inheritance of mtDNA

complicate some population level analysis.

2.4.2.3 Random Amplified Polymorphic DNA (RAPD)

The ability of this technique to examine DNA sequences is based on the polymerase chain

reaction (PCR) described by Mullis and Faloona (1987). The PCR is a method used to

exponentially amplify a specific DNA sequence. The basis of the PCR consists, in

repetitive cycles, of three thermal steps, denaturation of the target DNA at a high

temperature, hybridisation of specific oligonucleotides on the target DNA at a determined

temperature and extension of these oligonucleotides used as primers by DNA polymerase

at an elevated temperature usually between 70 and 72°C (Sambrook et al., 1989). RAPD

involve the use of a single arbitrary primer (purchasable from commercial companies) in a

PCR and result in the amplification of several discrete DNA products. Each product is

derived from a region of the genome that contains two short segments in inverted

orientation, on opposite strands that are complementary to the primer and sufficiently close

together for amplification to work. In RAPD, the amplification products are separated on

errors than those determined using nuclear loci. Second, there appears to be more within-

has been suggested. This possible paternal contribution of mtDNA inheritance can
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agarose gels in the presence of ethidium bromide and the resultant bands are visualized

under ultraviolet light (Williams et al., 1990; Welsh and McClelland, 1990). The presence

be scored and the data converted into similarity matrices for

calculation of genetic distances (Gwakisa et al., 1994).

The advantages of RAPD are that: there is no requirement for DNA probes or sequence

information for the design of primers, the procedure is quick, simple and can be automated,

and very small amount of DNA (e.g. 10 ng per reaction) is required. Disadvantages of

RAPD are many. First, RAPD methods are very sensitive to the reaction conditions, DNA

quality and PCR temperature profiles (Karp et al., 1998). It is absolutely critical to

maintain strictly constant PCR conditions in order to achieve reproducible results. Second,

the markers are dominant, thus heterozygotes cannot be detected.  Third, in the absence of

pedigree analysis, the identity of individual bands in the multi-band profiles is not known

and there can be uncertainty in assigning markers to specific loci. This makes it difficult to

use RAPD in interpopulation or interspecific comparisons (Dowling et al., 1996). Fourth,

single bands on the gel can sometimes be comprised of several co-migrating amplification

products. This makes it difficult to distinguish many of the polymorphisms apparent from

PCR artifacts.

or absence of bands can
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2.4.2.4 Amplified Fragment Length Polymorphism (AFLP)

The AFLP method is a more recent PCR based technique (Vos et al., 1995) which is

essentially intermediate between RFLPs and RAPDs. In AFLPs, the first step involves

restriction digestion of the genomic DNA and then oligonucleotide adapters are ligated to

the ends of the restricted fragments. The second step involves selective amplification of

sets of restriction fragments. Either, a pre-selection step is performed using magnetic beads

followed by a round of selective PCR or two selective rounds of PCR amplification are

applied (Vos et al., 1995). In the last step, the amplified products are separated by

polyacrylamide gel electrophoresis and can be visualised using radioactive or fluorescent

labelling.

An additional advantage over RAPDs is that AFLPs are reproducible (Vos et al., 1995).

Compared with RFLPs, AFLPs are faster, less labour intensive and provide more

information (Powell et al., 1996). Because of their large genome coverage (on average they

give 100 bands per gel compared with 20 for RAPDs), AFLPs are particularly good for

mapping and fingerprinting and genetic distances can be calculated between genotypes.

However, AFLPs share many of the limitations, with respect to band homologies and

identities, as RAPDs. Furthermore, AFLP bands have been shown to cluster on genetic

maps around the centromere (Karp et al., 1998).



49

2.4.2.5 Variable Number of Tandem Repeats (VNTRs)

many regions comprised of tandemly repeated simple

sequences. These repeat sequences vary in number and hence in length and are generally

called variable number of tandem repeats (VNTRs), although the terms minisatellite and

microsatellite are used depending on the size of the sequence of base pairs which gets

repeated. The repeated sequences in minisatellite are 10 to 60 bp long (Haberfeld et al.,

1991, Armour and Jeffreys, 1992) whereas in microsatellite the repeated sequences are

only 2 to 5 bp long (Tauz, 1989; Weber and May, 1989; Queller et al., 1993). The number

of times a given sequence of bases is repeated varies between animals and the rate of

mutation at these loci can be veiy high, up to 10'2/gamete/generation (Jeffreys, et al., 1988)

as can the number of alleles per locus. Because of this variation these repeat sequences can

be used as markers for studying genetic diversity. Although variation in both systems is the

result of changes in copy number, the underlying mechanisms of mutation and the

chromosomal locations differ. Microsatellite loci are randomly distributed and subject to

replication slippage (Weber and May, 1989; Schlotterer and Tautz, 1992) while

minisatellite loci tend to be concentrated near telomeres and vary because of

intramolecular or intrallelic recombination and gene conversion (Jeffreys et al., 1994).

Minisatellites are assayed by digestion of DNA with restriction enzymes which do not

cleave within the tandem repeats and transfer hybridisation using minisatellite sequences,

Throughout the genome there are
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be applied. In one approach, the mixture of restriction fragments can be separated by size

radioactively labelled probe based on the core sequence of the repeat (Jeffreys et al., 1985).

The result is complex patterns of bands that are usually unique to an individual. The

DNA fingerprint. DNA fingerprinting has

become an extremely powerful tool for testing parentage (Burke, 1989), relatedness of

individuals as well as overall population variability (Wayne et al., 1991). A major

advantage of this method is that many probes can be applied across a wide spectrum of

plants and animals. An apparent problem with DNA fingerprinting is that it is a multilocus

approach, which reveals fragments not all of which segregate independently of each other.

Thus, there are correlations among loci due to linkage. Assigning specific fragments to a

particular locus is difficult and hence, identifying alleles and determining genotypes is not

possible. Moreover, there is potential co-migration of non-homologous fragments. This

leads to inflated band sharing coefficients between non-relatives (Lynch, 1988). In the

alternative approach, hypervariable loci are assayed one at a time using synthetic

oligonucleotides or cloned sequences as single locus probes (Nakumara et al., 1987). The

advantage of this method is that alleles can be assigned to specific loci and genotypes can

be identified. However, cloning of minisatellite loci is a relatively complex process. This

method requires more effort than multilocus fingerprinting and the variation at individual

loci tends to be taxonomically restricted (Hanotte et al., 1991).

or synthetic oligonucleotide probes. Two strategies can

on agarose gels in the presence of an electric field and visualized by hybridisation with a

complex band patterns are widely known as

an entire hypervariable sequence
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Microsatellite loci are usually examined one at a time via PCR (several loci can be

examined simultaneously by multiplexing). The PCR amplification products can be

visualized using radioactive or fluorescence methods. Under radioactive methods, PCR

amplified microsatellites can be detected either by direct incorporation of a single labelled

dcoxynucleoside triphosphate (dNTP) like [a-32P]dCTP during thermal cycling (internal

labelling) or a single 5’ [y-32P]dATP end-labelled primer in the PCR mix (end labelling).

The products are resolved on acrylamide gels, fixed, dried and autoradiographed. Under

the fluorescence methods, fluorescently labelled dNTPs are used for internal labelling in

the PCR. The PCR products, fluorescently labelled, are separated on polyacrylamide gel

and detected when excited to fluoresce by a laser and analysed by computer software.

Although the initial cost is high, this system offers considerable advantage in terms of

sizing accuracy and enhances throughput. An advantage of microsatellite over minisatellite

is that the total size of the arrays is much smaller and single loci can be amplified using

PCR. Thus, there is a great potential for studying allele frequencies at single hypervariable

loci in contemporary and historic populations. Moreover, codominant genotypes can be

scored and exact allele sizes can be determined. The technique has great potential for speed

and accuracy once the appropriate PCR primers are known and a great deal of

polymorphism can be determined. Part of the appeal of microsatellites over RFLPs and

RAPDs is that their genetic basis of variability is readily apparent: unique primers amplify

observed variation. The disadvantage is the work required to develop primers for each new

a genomic region including a well defined repeat structure that is responsible for the
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species examined and that only a few allelic states

chance of parallel evolution of a particular sequence repeat. However, with the increasing

number of microsatellite maps for economically important species and due to the fact that

primers developed for one particular species can be applied across a wide range of related

species will be unnecessary in the near future.

2.5 Application of microsatcllite markers for the analysis of populations

2.5.1 Microsatellites as genetic markers for population studies

Microsatellites are segments of DNA which consist of simple tandem repeats of very short

100 times (Tauz, 1989). Thenucleotide motifs of 1 - 6 bp long, repeated up to

dinucleotide repeat cytosine - adenine (CA) (or guanine - thymine (GT) on the other

strand) is the most common in mammalian genomes (Meghen et al., 1994). Polymorphism

of microsatellites takes the form of variation in the number of repeats at any given locus.

Microsatellite polymorphism has advantages over other techniques in that it is a very

reliable, highly accurate and repeatable method and has the potential of being standardised

all over the world. The desirable characteristics are that: microsatellite loci are found in

large numbers and are relatively evenly distributed throughout mammalian genomes. For

instance, in haploid human genome there are at least 35,000 CA repeats. That is, they

taxa (Moore et al., 1991), cloning of microsatellites for development of primers for new

are possible, hence, increasing the
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occur at least every 100,000 bp (Weber, 1990). Tri- and tetra-nucleotides have been shown

to occur at a frequency of 1 every 300 - 500 kb on X-chromosome (Edwards et al., 1991).

Due to exceptionally high rate of mutation, the majority of microsatellite loci are highly

polymorphic in most mammalian species (Jeffreys et al., 1988; Weber, 1990). Alleles at

microsatellite loci confonn to Hardy-Weinberg principle and segregate in a Mendelian

fashion. Most microsatellite loci are selectively neutral. This makes them compatible with

the assumptions of most population genetic theories. One potentially very large advantage

of microsatellites in population genetics is the fact that primers developed for a particular

species can be applicable across a wide range of related taxa. For example, primers

developed for cattle can be used for sheep, goats, buffalo, yak, etc.

Microsallites as genetic markers have, recently, become the markers of choice for gene

mapping and population studies (Bruford and Wayne, 1993; Wall et al., 1993). They have

been extensively used for linkage mapping in diverse organisms from humans to

mosquitoes (Weissenbach et al., 1992; Crawford et al., 1995; Vaiman et al., 1996;

Barendse. et al., 1997) and their use has enabled the identification of quantitative trait loci

in major livestock species (Georges et al., 1993). Trinucleotide repeats have been used for

linkage analyses in association with disease susceptibility genes in humans (Richards and

Sutherland, 1994). Microsatellites have proven useful in the analysis of paternity and

kinship (Queller et al., 1993) and in the probability of sample identity at both the

individual (Edwards et al., 1992) and population levels (Paetkau et al., 1995).
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Microsatellite variation has been used to study the amount of hybridisation between

closely related species (Gottelli et al., 1994; Roy et al., 1994). Spatial distributions of

alleles have been used to study local gene flow and population sub-structure (Allen et al.,

1995; Gottelli et al., 1994). Effective population sizes and inbreeding have been estimated

from microsatellite data (Edwards et al., 1992). Microsatellites have been increasingly

used for the study of genetic variation between and within animal populations. They have

been successfully applied in the study of genetic variation in a variety of vertebrates (Kashi

et al.. 1990) and in livestock species such as poultry', sheep and bovines (Haberfeld et al..

1991). Microsatellite DNA variation has been employed to assess genetic distances

between strains of poultry (Kuhnlein et al., 1989) and within and among European and

African cattle (MacHugh et al., 1994; MacHugh et al., 1997; Okomo, et al 1998) and

sheep breeds (Buchanan et al.. 1994; Arranz et al., 1998).

2.5.2 Estimation of genetic distances from microsatellite data

One of the most important problems in the conservation of genetic diversity' in domestic

animals is how to choose appropriate breeds or populations for conservation, among many

available now, such that maximum genetic diversity could be maintained. One way could

be to compute the genetic distances between pairs of breeds which are likely to be useful

and to choose breeds that show the widest genetic differences among them (Barker, 1994).

Genetic distances are used either for estimating divergent time or for construction of



55

be used to decide which breeds should be kept (Nei and

Takczaki, 1994). There are many different measures of genetic distances (Nei, 1987) and

the merits and demerits of each measure have been investigated (Takezaki and Nei, 1996).

Many of the earlier measures of genetic distance are geometric distances, which are based

explicitly

population genetic models. These distance measures obey the axioms of Euclidean

geometiy. The most commonly used distance is Cavalli-Sforza and Edward’s (1967) chord

multidimensional hypersphere with dimension equal to the number of alleles. Dc is the

chord distance between two points representing the gene frequencies in two different

populations. This distance incorporates an angular transformation of gene frequencies and

the principle of triangle inequality is fulfilled. The transformation has the effect of

standardising the distance with respect to random drift, so that the rate of increase in

genetic distance under drift is nearly independent of the initial gene frequencies. However,

little attention is paid to the relationship between genetic distance and evolutionary change

of populations. Another widely used measure of genetic distance which is close to Dc is the

Nei et al.'s (1983) angular distance (DA). The problem of geometric distances is that the

absolute values of these measures do not have any particular biological meaning (Nei et

al., 1983), and only the relative values are important for finding the genetic relationship

among populations.

phylogenies, which in turn can

on geometric representations of gene frequencies rather than on any particular

distance (Dc). In this distance measure, populations are represented as points on a
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The most commonly used genetic distances are based on population genetic models and

ancestor (coalescence time) of pairs of genes or to the time since two populations diverged

from one another. There are two most important genetic models, which have been

proposed to explain the mode of mutation as the cause of evolutionary divergence between

copies of homologous genes since the time of their common ancestor. The models are

infinite alleles model (IAM) and stepwise mutational model (SMM). The IAM model

assumes that ever}' new mutation gives rise to an allele that does not already exist in the

population while the SMM assumes that mutations increase or decrease allele sizes by

single units. IAM seems to apply to classical genetic markers such as protein and blood

polymorphisms (Nei, 1987) and SMM apply to microsatellite loci (Goldstein et al., 1995a)

since alleles at microsatellites are thought to evolve by a stepwise mutation. Edwards et al.

(1992) and Valdes et al. (1993) have shown that the pattern of mutation for microsatellite

loci follow a kind of stepwise mutation model which is close to the IAM of mutation when

in a manner similar to protein polymorphisms. The most widely used distance measure

based on IAM is Nei’s (1972) standard genetic distance (Ds). Dsis intended to measure the

number of codon substitutions per locus that have occurred after divergence between a pair

This assumption is violated under microsatellite loci. According to Farris (1981) Ds is not

a relatively short evolutionary time is considered. Thus microsatellite data can be analysed

are supposed to be linearly proportional to time: either to the average time to a common

assumes that the rate of gene substitution per locus is uniform across loci and lineages.

of populations and is expected to increase linearly with time (Nei and Takezaki, 1994). Ds
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obey the triangle inequalities. Another widely used distance measure under IAM is Rogers’

(1972) distance (DR). This measure has the virtues of simplicity and it satisfies the

principle of triangle inequality. However, Ds is better than DR with respect to the linear

relationship with time. Both Ds and DR have the undesirable property of being influenced

by within-taxon heterozygosity. That is, the distance between two taxa that are fixed for

alternate alleles exceeds that between two taxa in which one or both are heteroallelic but

have no alleles in common.

large number of genetic distances could conceivably be applied to

microsatellites, estimators of population parameters based on the 1AM are unlikely to

apply to microsatellites (Goldstein et al., 1995a). This is because the majority of mutations

at microsatellite loci are stepwise in nature, changing allelic sizes up or down by one or a

very few number of repeats. Thus, distance measures which apply to microsatellites

generally assume the SMM model. Three distances have recently been developed

specifically for application to microsatellite evolution assuming the SMM model:

Goldstein et al's (1995a) genetic distance (8p)\ Goldstein et al's (1995b) and Slatkin’s

(1995) average square distance (ASD) and Shriver et al.'s (1995) stepwise distance

(DSW). The expected values of (8p)2and ASD increase linearly with time under the SMM

model, but DSW seems to be non-linear with time. Although these distances apply to

microsatellites, their efficiencies for obtaining the correct topology of the phylogenetic tree

appropriate for making a phylogenetic tree because it is not a metric measure and does not

Although a
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are generally low (Takezaki and Nei, 1996). This is because ASD, (8g)2 and DSW have

large sampling errors due to their dependence on the variation within populations and on

the sensitivity to fluctuation in effective population size (Takezaki and Nei, 1996).

various estimators of population

appropriate for different

purposes. Nei and Takezaki (1994) and Forbes et al. (1995) have reported that classical

distances based on the IAM model and the distances based upon multidimensional

geometric considerations are more effective in obtaining the correct tree topology than the

SMM-based genetic distances. Nei and Takezaki (1994) and Takezaki and Nei (1996) have

shown that Dc and DA are more efficient in obtaining the correct tree topology than other

distances whereas Ds and (8p)2 are more appropriate for estimating evolutionary time than

other distances.

2.5.3 Methods for the reconstruction of phylogeny

graphical representations consisting of nodes (taxonomic units)

and branches (pathways connecting nodes) that summarize the evolutionary relationships

among organisms (Avise, 1994). Reconstruction of a phylogenetic tree is considered as

statistical inference of a true phylogenetic tree which is unknown (Nei, 1996). For the

Phylogenetic trees are

Other widely used measures of genetic distances are

(Slatkin, 1995). Different measures of genetic distances are

subdivision (FST) such as, GST (Nei, 1973), 0 (Weir and Cockerham, 1984) and RsT
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reconstruction of phylogenetic trees, a large number of methods have been described for

two ways of building trees, either by clustering

methods or by exhaustive search methods. Clustering methods use a specific algorithm

for constructing the best tree. These methods have the advantage of being easy to

perform, resulting in very fast computer programs (Saitou and Imanishi, 1989). The

ranking criterion for

evaluating trees. Exhaustive search methods use optimality criteria for choosing the best

tree among the set of all possible trees. The criterion is used to assign to each tree a score

or a rank, which is a function of the relationship between the tree and data. Search

methods have the advantage that they provide a ranking criterion under which all trees

demanding, resulting in computer programmes which are much slower to perform and

cannot give exact results when there are more than 12 taxa (Nei, 1996).

Based on the above ways of building trees, the methods of phylogenetic inference

currently used in molecular phylogenetics can be classified into three major groups:

distance methods, parsimony methods and likelihood methods.

tree building. In principle there are

biggest limitation is that cluster methods do not provide a

can be evaluated (Page and Holmes, 1998). However, they are computationally
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2.5.3.1 Distance methods

In distance methods, an evolutionary distance is computed for all pairs of populations

and a phylogenetic tree is constructed from the pairwise distances. The most commonly

used methods are the ‘unweighted pair group method with arithmetic averages’

(UPGMA) of Sneath and Sokal (1973) and the Neighbour-Joining (NJ) of Saitou and

Nei (1987).

The UPGMA is a clustering method, which operates as follows: A distance matrix is

scanned for the smallest distance element and the corresponding operation taxonomic

units (OTUs) are joined. This distance element in the matrix is then discarded. The

matrix is again scanned for the smallest remaining distance element and the process is

repeated until all OTUs are finished. In each cycle of the clustering procedure, OTUs or

previously formed clusters are grouped according to the smallest mean distance between

distances. UPGMA produces a dendrogram which is rooted, implicitly at the point where

the last clusters join. The major assumption of UPGMA clustering is the equal rate of

heuristic for finding the least squares ultrametric tree for a distance matrix. UPGMA

method performs well in recovering tree topologies (Tateno et al., 1982; Nei et al.,

1983). This is due to the fact that genetic distance estimates are subject to large

the populations involved. Each OTU contributes equally to the calculation of these mean

evolution along all dendrogram branches (Nei, 1987). UPGMA is considered as a
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stochastic error and the distance averaging aspects of UPGMA reduces the effects of this

error (Nei, 1987).

The NJ is a clustering method but assumes unequal rates of molecular change among the

branches (Nei, 1987). In the NJ method the raw data are provided as a distance matrix

and the construction of a tree begins by assuming that the populations are all related to

one another by a star phylogeny, thus the initial tree is a star tree. The next step is to

begin a procedure that groups certain populations together. In order to do this, first,

branch lengths for the tree are estimated by least square and the sum of the branch

lengths for the entire tree is calculated. Then pairs of populations that give the minimum

single entity. At each step of the analysis a transformed distance matrix is constructed in

which the separation between each pair of nodes is adjusted on the basis of their average

divergence from all other nodes. The tree is constructed by linking the least distant pair

of nodes as defined by the modified matrix. When two nodes are linked, their common

ancestral node is added to the tree and the terminal nodes with their respective branches

ancestor into terminal node on a tree of a reduced size. The process of considering all

possible pairs is repeated and is completed when two nodes remain, separated by a single

branch. According to Nei (1996) NJ is a heuristic method for estimating the minimum

evolution tree. NJ produces a reasonably good phylogenetic tree when the extent of

sum of branch lengths are considered as neighbours and are joined and considered as

are removed from the tree. This pruning process converts the newly added common
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population differences is large and a large number of loci are examined (Rzhetsky and

Nci. 1992). The efficiency of the NJ method in obtaining the true tree is due to the fact

that in each step of population clustering the principle of minimum evolution is applied

and according to Nei (1996) the repeated application of this principle reduces the effects

of sampling errors in topology construction.

2.5.3.2 Maximum parsimony methods

Maximum parsimony (MP) methods fall under optimality criteria methods. Under MP

the best tree is the one that requires the smallest number of evolutionary changes to

explain the observed differences among OTUs. A number of related methods have been

described for inferring phylogenies by parsimony approach, the most commonly

employed are Fitch and Wagner parsimony (Fitch, 1971; Farris, 1970), Dollo parsimony

(Farris, 1981), Camin-Sokal parsimony (Farris, 1971) and generalised parsimony

(Swofford and Olsen, 1990). These methods differ in their underlying evolutionary

assumptions but they are united by the goal to reconstruct the evolution of OTUs on a

tree based on the constraint of invoking the fewest possible evolutionary changes (Page

and Holmes, 1998). Among the advantages of parsimony methods are that the approach

implicit assumption about evolution that evolutionary changes are rare (Swofford et al.,

1996). The rarity of evolutionary changes implies that the tree that minimises the change

apparently makes few assumptions about the evolutionary process and it is based on
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is likely to be the best estimate of the actual phylogeny (Pages and Holmes, 1998).

According to Swofford et al., (1996), if there are no multiple nucleotide substitutions at

each site, MP is expected to generate the correct topology as long as enough parsimony-

informative sites are examined. The main disadvantage of MP is that under some models

of evolution it is not consistent. Indeed, when the true tree has a special type of topology

and branch lengths, MP may generate an incorrect topology even if an infinite number of

loci are examined (Nei, 1996). Takezaki and Nei (1996) have shown that this can happen

even if the rate of nucleotide substitution is constant for all evolutionary lineages.

Another disadvantage of MP is that in parsimony analysis it is difficult to treat the

phylogenetic inference in a statistical framework because there is no natural way to

compute the means and variances of minimum number of substitutions obtained by the

parsimony procedure. However, under certain circumstances, MP is quite efficient in

obtaining the correct topology and it is the only method that can easily take care of

insertions and deletions of nucleotides, which sometimes give important phylogenetic

information (Nei, 1996).

2.5.3.3 Maximum likelihood

Maximum likelihood (ML) methods of phylogenetic inference evaluate the likelihood

that a given tree will yield the observed data. The data are observed gene frequencies or

nucleotide sequences, the unknowns are the branching order and branch lengths of the
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tree (Felsenstein, 1981). In ML approach, a model of the evolutionary process that

accounts for the conversion of one sequence or allele into another must first be specified.

The next step is to calculate the probability that the observed data would have been

generated by a particular tree topology under that model. The tree that makes the

observed data the most probable evolutionary outcome (i.e. the tree that gives the highest

likelihood) is chosen as the ML estimate of the phylogeny. ML is an appealing method

of inference as it can incorporate explicit models of evolution and also allows statistical

tests of evolutionary hypotheses. The objection to likelihood methods is that the

dependence on a model raises the question of which model to use as the pattern of

nucleotide substitution varies from site to site and with evolutionary time (Tateno et al.,

1982). The biggest problem with ML is a technical difficulty for computing the

likelihood itself. This is computationally time-consuming, and recently it has been

shown that more than one maximal likelihood value may exist for a given tree (Nei,

1996), making it difficult to guarantee that the likelihood value for that tree is actually

maximal.
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2.6 Summary of the review

It is believed that the domestic goat, Capra hircus is derived from the wild goat, Capra

aegagrus. Archeological evidence suggests that the domestic goat was first domesticated

10,000 years B.P. in the Fertile Crescent on the borders of present-day Iran and Iraq.

Immediately after domestication, differentiation of goats into types must have begun. In

the process of domestication, genetically unique breeds and strains developed in

different parts of the world mainly through mutation, genetic drift and selection, both

natural and artificial. Most breeds have evolved in geographical isolation. However,

mixing and interbreeding might have occurred during human movements, trade and wars

(livestock raids).

In sub-Saharan Africa there exist populations of goats, in some locations, which seem to

be relatively uniform in phenotypic characteristics. Based on phenotypic characters the

goats of sub-Saharan Africa can be classified into five major types:- The Northern long

lop-eared goats, the Intermediate types or Short-eared twisted horns, the Short-eared

dwarf goats, the Small short-eared goats and the Southern long lop-eared goats.

many intermediate and less

distinguishable subtypes. The history of these types and subtypes (how they were

established and if they were later crossed with other types) is not well documented and,

thus, the genetic relationships among these types and subtypes is unclear. Unplanned

However, in between these major types there are
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crossbreeding, ravages of drought, civil conflicts/wars and overexploitation through

indiscriminate slaughter and trade pose a risk of loss to these important genetic

the aim of determining the genetic uniqueness of different goat types and subtypes and

clarifying the phylogenetic relationships among these types and sub-types is of

paramount importance. This information could be used to prioritise breeds/strains for

conservation programmes and for establishing improvement programmes to enhance the

utilisation of indigenous goats for meat and milk to improve food security and the

livelihoods of the people.

In order to help to understand the genetic relationships among the breeds/strains and to

quantify the genetic diversity within breeds/strains, this study was undertaken to

genetically characterise the goats of sub-Saharan Africa using microsatellite markers.

Genetic distances estimated from microsatellite data will give insight into the uniqueness

of the different goat breeds/strains in the present study. Genetic distances are used in the

reconstruction of phylogenetic relationships of the breeds/strains. The phylogenetic tree,

in turn, could be used in prioritising breeds/strains for conservation.

resources. Genetic characterisation of the indigenous goats in sub-Saharan Africa with
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CHAPTER 3

3.0 MATERIALS AND METHODS

investigated the genetic relationships

among the major goat types of sub-Saharan Africa and between sub-Saharan African

goat breeds and goat breeds from Europe, Middle East and Asia. Part two studied the

genetic diversity and structure of goats from eastern African region. The genotyping of

samples for part one was done at the Molecular genetics and genomics laboratory,

International Livestock Research Institute (ILRI), Nairobi, Kenya, while for part two it

was done at the Animal genetics laboratory, Donnan laboratories. School of Biological

Sciences, University of Liverpool, Liverpool, UK.

3.1 Brceds/populations and sampling strategy

3.1.1 Breeds representing the major goat types of sub-Saharan Africa

The aim of this study was to assess the genetic diversity and relationships among the

goat breeds in sub-Saharan Africa and to compare sub-Saharan African goats with

breeds of the other continents. For this purpose, a total of 10 breeds representing the

major types of goats in sub-Saharan Africa (i.e. Long lop-eared goats, Small short-eared

The study was divided into two parts, part one
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goats, Dwarf short-eared goats and Sahelian goats) were sampled. The sampled animals

were selected to be as representative of the breed as possible based on the phenotypic

characteristics and geographical distribution of the breeds as pre-determined through

consultation with local authorities and scientists in the respective countries where the

breeds were sampled. For each breed, animals

villages, sampling 1 - 4 flocks which are far apart (approximately 1 km) in each village

and 1 - 5 animals per flock. In order to avoid sampling related individuals, farmers were

asked about the origins and familial relationships of individual animals. Additional five

breeds from outside Africa were sampled to serve as reference breeds. Two breeds were

sampled from Asia, one from Middle East and two from Europe. For the reference

breeds, animals were sampled from research institutions and breeding records were

consulted to avoid sampling related individuals. For all the breeds, approximately equal

number of females and males were sampled. The breeds, number of animals per breed,

country of origin and phenotypic characterisation are shown in Table 1.

Samples collected were either blood (for all African breeds) or hair roots (for the breeds

from outside Africa). Blood was collected by jugular vein puncture using 10 ml EDTA

vacutainer tubes. To avoid cross-contamination between samples, a new needle was used

for each animal. The blood in the tube was then gently inverted about five times to mix it

with EDTA. After collecting blood at the field site, all necessary precautions were taken

to avoid exposure to extreme temperatures (hot or cold) and direct sunlight. Following

were sampled from distantly located
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centrifuged within 48 h. Samples were centrifuged

at 2000 rpm for 20 minutes. The plasma was discarded and the buffy-coat containing the

peripheral blood lymphocytes transferred with a wide-mouth pasteur pipette into a 2 ml

cryotube. Then 1 ml of 8 M urea was added into the tube, the content of the tube mixed

by gentle inversions five times, the tube properly labelled and stored in upright position

at room temperature, ready for DNA extraction.

Hair samples were collected by plucking 50 - 100 hairs from each animal, making sure

that the hairs had hair roots. The plucked hairs for each individual animal were packed

into a new, clean envelope and the envelope was then sealed and properly labelled.

Collecting plucked hairs is an attractive alternative for collecting materials for DNA

extraction as it requires less skill, time, money and it is much easier to obtain a sampling

permit than collecting blood (Goossens et al., 1998). For this reason there were

situations whereby only hair roots were sampled.

field collection, blood samples were
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Table 1: Breeds used in the analysis of genetic diversity of sub-Saharan African

goats and the breeds from outside Africa

Breeds Number genotyped Origin Type Sub-type

48 Tanzania Short-eared small homs

Kigczi 45 Uganda Short-eared small homs

Mubende 47 Uganda Short-eared small homs

Short-eared small homs/Xrsi-Bale Ethiopia40

Nigeria Short-eared small homs40

Short-eared twisted hornsMali40

Short-eared small homsSenegalDjallonkc 40

Cashmere goats

Long lop-eared goats33

Short-eared small horns20Toggenburg

Short-eared small homsSwitzerland40Grisons
Striped

Reference 
breeds 
Bandipur 
Mongolian 
Cashmere 
Arab

Ndcbele
Pafuri
North West
Highland

West African
Dwarf
Maure

African 
breeds
Maasai

40
40

40
40
42

United Arab 
Emirates 
Switzerland

Zimbabwe
Mozambique
Ethiopia

Nepal 
Mongolia

Long lop-eared goats
Long lop-eared goats
Short-eared small homs

European dairy 
goat
European dairy 
goat

East African small 
meat goat
East African small 
meat goat
East African small 
meat goat 
Southern lops 
Southern lops 
East African 
intermediate meat 
goat
East African 
intermediate meat 
goat
Dwarf African 
meat goat 
Intermediate West 
African twisted 
horn
Dwarf African 
meat goat



71

3.1.2 Populations sampled for the study of eastern African goat populations

The aim of this study was to quantify the genetic diversity, both within- and between-

populations of goats from eastern Africa (Ethiopia, Somalia, Kenya, Uganda, Tanzania)

dominated by small short-eared goats, the major types being the Small East African, the

Somali and the Ethiopian short-eared goats (sometimes classified as Small East African

goats). It has been very difficult to classify the various populations of eastern African

goats into breeds based on phenotypic characters. This is because the goats of this region

characteristics used for phenotypic characterisation e.g. horns and ears. A total of

thirteen (13) populations of eastern African goats were sampled. Reference breeds were

European breed was also included (sampled in Kenya). Table 2 shows the populations

sampled, country of origin and their classification based on physical characteristics. The

sampling strategy was the same as that explained above in section 3.1.1.

3.2 DNA extraction

DNA was extracted from either peripheral blood lymphocytes (PBL) or hair roots. The

extraction procedures applied are described in the following sections.

as a case study for a sub-regional genetic diversity study. The eastern African region is

sampled from southern part of Africa (2 breeds), West Africa (2 breeds) and one

are very variable in terms of body size, coat colours but homogeneous in most
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3.2.1 DNA extraction from peripheral blood lymphocytes (PBL)

put into an eppendorf tube and 200 p.1 of 2 M

chloroform-isoamyl-alcohol were added and the contents of the tube were mixed for

about 1 h, then centrifuged at 14,000 rpm for 10 minutes and the supernatant transferred

to a new eppendorf tube. To the supernatant 30 pl 6 M of sodium chloride were added

and the contents mixed by inverting the tube slowly. Then 500 pl of chloroform were

added, the contents mixed for 10 minutes, centrifuged at 14,000 rpm for 10 minutes and

the supernatant transferred to a new tube. To this supernatant, 800 pl of ice-cold absolute

ethanol were added, the contents were mixed and then allowed to settle for 30 minutes.

Thereafter, the contents were centrifuged at 14,000 rpm for 10 minutes to precipitate the

DNA and the supernatant was decanted. To the precipitate 500 pl of 70% ethanol was

added, the contents were shaken to wash the precipitates and then spinned at 14,000 rpm

for 10 minutes and the supernatant was decanted. The DNA was air-dried for three days

and then dissolved with 100 pl of Tris-EDTA (TE) buffer. After extraction, the

concentration of DNA was determined by spectrophotometry and then the DNA

concentration was adjusted to 20 ng/pl.

Two hundred (200) pl of blood PBL were

urea were added, then the mixture vortexed. To this mixture 500 pl of phenol-
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Table 2: Breeds used in the analysis of genetic diversity and structure of eastern

African goat populations

Populations Origin Type Sub-type

48 Tanzania Short-eared small horns

Maasai Tanzania Short-eared small homs50

Sukuma Short-eared small homsTanzania48

Short-eared small hornsTanzaniaNewala 50

Short-eared small homsTanzaniaMbeya 48

Short-eared small hornsTanzaniaUjiji 48

Short-eared small hornsTanzaniaTanzanian Coastal 45

Short-eared small homsKenya41

Short-eared small hornsKenya40

Short-eared small homsKenya20Galla

Short-eared small hornsEthiopia46

Short-eared small homsEthiopia45

Short-eared small homsMozambique36Landim

Short-eared small hornsNigeria40

Short-eared small homs European dairy goatKenya24

West African 
Dwarf 
Toggenburg

Reference breeds
Tswana
Venda
Red Sokoto

North East 
Highland 
Afar

Kenyan Small East
African
Boran

Number 
genotyped

Botswana 
S. Africa 
Nigeria

Long lop-eared goats
Long lop-eared goats
Short-eared twisted horns

Southern lops
Southern lops
Intermediate West
African twisted horn
Dwarf African meat goat

East African small meat 
goat
East African small meat 
goat
East African small meat 
goat
East African small meat 
goat
East African small meat 
goat
East African small meat 
goat
East African small meat 
goat
East African small meat 
goat
East African 
intermediate meat goat 
East African 
intermediate meat goat 
East African 
intermediate meat goat 
East African 
intermediate meat goat 
East African small meat 
goat

Eastern African 
populations 
Ugogo

40
15
41
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3.2.2 DNA extraction from hairs

Fifteen (15) to twenty (20) hairs with hair roots were cut at about 5 mm from the hair

root base and put into an eppendorf tube. One hundred (100) p.1 of lysis buffer (10 mM

1 ris (pH 8.3), 50 mM KC1 and 0.5% Tween 20) were added into the tube. Then 20 pl of

20 pig/pl solution of Proteinase K in 10 mM Tris-HCl (pH 7.5) were added. The contents

were vortexed for one minute and centrifuged at 14,000 rpm for one minute. Thereafter,

the contents were incubated overnight in a water-bath set at 56°C. Then the contents

were incubated for 10 minutes in a water-bath set at 94 °C (to destroy the proteinase K),

cooled down to room temperature and then centrifuged at 14,000 rpm for one minute.

The resultant sample was used as PCR template.

3.3 Microsatellite markers, PCR conditions and genotyping

Nineteen (19) microsatellite loci were chosen from the goat genome database maintained

at INRA (Institut National de Recherche Agronomique) (http://locus.jouy.inra.fr/) and

(http://www.ri.bbsrc.ac.uk). The characteristics of the 19 microsatellites are shown in

Table 3.

from the sheep genome database maintained at Roslin Research Institute

http://locus.jouy.inra.fr/
http://www.ri.bbsrc.ac.uk
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Table 3: Microsatellite markers studied and their characteristics

Primer sequences 5' - 3’Locus Chromosome

TET 800BMI81S 5523

BMC 1222 55 HEX 70013ql2

58BMS357 HEX 800Unknown

55 HEXBMSI494 Unknown 800

FAMILSTS005 10 55

HEX1I.STSI 1 5514

ILSTS17 57 HEX 800Unknown

57 TET 700ILSTS44 Unknown

TET58 700ILSTSS7 Unknown

FAM57 700INRA5 12

55 FAM 800INRA63 18q22

HEX57 7001NRAI32 23

HEX 70055UnknownMAF35

50 TETMAF65 15

57 FAM 800UnknownMAF209

58 FAM 800OarAE129 7

55 HEX 700UnknownOarFCB304

55 TET 70010q36SRCRSP3

57 FAM 8006SRCRSP7

Annealing 
temp.°C

F- AGCTGGGAATATAACCAAAGG 
R- AGTGCTTTCAAGGTCCATGC 
F-CCAATTTTGCAGATAAGAAAACA 
R-CCTGAGTGTTCCTCCTGAGT 
F-TCCAAACAAGTCTTCTCTATTTACC 
R-CCAAATAATTGCTGGTCAGG 
F-TCTGGAGCTTGCAAAAGACC 
R-AATGGATGACTCCTGGATGG 
F-GGAAGCAATGAAATCTATAGCC 
R-TGTTCTGTGAGTTTGTAAGC 
F-GCTTGCTACATGGAAAGTGC 
R-CTAAAATGCAGAGCCCTACC 
F-GTCCCTAAAATCGAAATGCC 
R-GCATCTCTATAACCTGTTCC 
F-AGTCACCCAAAAGTAACTGG 
R-ACATGTTGTATTCCAAGTGC 
F-AGCAGACATGATGACTCAGC 
R-CTGCCTCTTTTCTTGAGAGC 
I'-CAATCTGCATGAAGTATAAATAT 
R-CTFCAGGCATACCCTACACC 
F-ATTTGCACAAGCTAAATCTAACC 
R-AAACCACAGAAATGCTTGGAAG 
F-AACATTTCAGCTGATGGTGGC 
R-TTCTGTTTTGAGTG GTA AG CTG 
F-TCAAGAATTTTGGAGCACAATTCTGG 
R-AGTTACz\AATGCAAGCATCATACCTG 
F-AAAGGCCAGAGTATGC/VATTAGGAG 
R-CCACTCCTCCTGAGAATATAACATG 
F-GATCACAAAAAGTTGGATACAACCGTGG 
R-TCATGCACTT/V\GTATGTAGGATGCTG 
F-AATCC?\GTGTGTGAAAGACT/\ATCCAG 
R-GTAGATCAAGATATAGAATATTTTTCAACACC 
F-CCCTAGGAGCTTTCAATAAAGAATCGG 
R-CGCTGCTGTCAACTGGGTCAGGG 
F-CGGGGATCTGTTCTATGAAC
R-TGATTAGCTGGCTGAATGTCC 
F-TCTCAGCACCTTAATTGCTCT 
R-GTCAACACTCCAATGGTGAG

ABI 
(Colour)

Labelling 
tl-COR 
(IRD)
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3.3.1 Study of genetic diversity within and among sub-Saharan African goats

The 19 microsatellite loci shown in Table 3 were analysed at ILRI. The PCR protocol

applied was as follows:- All PCR amplifications were performed in a total volume of 10

pl on either PTC-100™ Programmable Thermal Controller (MJ Research, Inc.) or PTC-

200 Peltier Thermal Cycler (MJ Research, Inc.) or Gene/\MP3PCR System 9700 {PE

Applied Biosystems). Each PCR reaction contained 1.5 pl of 20 ng template DNA, 0.05

pl of 200 mM each primer, 0.55 pl of 2.5 mM each dNTP (i.e. dATP, dCTP, dGTP,

dTTP), 1.10 pl of PCR buffer (2.0 mM MgCl2, 100 mM Tris-HCl (pH 8.3), 50 mM KC1,

0.01% gelatin and 0.25% Tween 20) and 0.5 units Taq DNA polymerase (Promega). All

amplifications included an initial denaturing step of 4 min at 95 °C, followed by 35

cycles of 45 sec at 94 °C, 1 min at an appropriate annealing temperature (Table 3) and 1

min at 72 °C. Final extension was for 20 min at 72 °C. The PCR products were analysed

by electrophoresis on a 4.25% denaturing polyacrylamide gel using a 377 ABI automatic

DNA sequencer (PERKIN-ELMER). For this purpose, the forward primer for each locus

Three PCR products (with primers either labelled with different colours or have different

sizes) were co-loaded in a single lane of the gel. In preparation for loading, the sample

of GENESCAN™ TAMRA 350, loading dye and formamide in the ratio of 1:1:4). The

mixture was heated to 94 °C for 4 min, immediately put on ice and then 1.5 pl was

was labelled with a fluorescent dye, either FAM (blue) or TET (green) or HEX (yellow).

was prepared by mixing 0.5 pl of each PCR products and 2.0 pl of loading buffer (made
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loaded in each lane of the gel. The GENESCAN™ TAMRA 350 served as an internal

size standard in each lane. For further standardisation of fragment sizes, in addition to

the GENESCAN™ TAMRA 350, a control sample was included in each gel. Sizes of

analysed using the 672 GENESCAN™ analysis software

(version 2.0) and the GENOTYPER™ software (version 2.0).

3.3.2 Study of genetic diversity and structure of eastern African goat populations

In this study 3 microsatellite loci ( ILSTS5, ILSTS11 and MAF65) were analysed at

ILRI using the same protocol as that explained above (section 3.3.1). The remaining 16

microsatcllite loci (BM1818, BMC1222, BMS357, BMS1494, ILSTS17, ILSTS44,

ILSTS87, INRA5, 1NRA63, INRA132, MAF35, MAF209, OarAE129, OarFCB304,

SRCRSP3 and SRCRSP7) were analysed at the University of Liverpool. The PCR

protocol adopted for the 16 loci was as follows:- All PCR amplifications were performed

in a total volume of 5 pl on the GeneAMPsPCR System 9700 (PE Applied Biosystems).

Each PCR reaction contained 1.5 pl of 20 ng template DNA, 0.05 -0.1 pl of 200 mM

each primer and 2.5 pl Reddy-load PCR master mix (ABgene) (containing 75 mM Tris-

HC1 (pH 8.8), 20 mM (NH4)2SO4, 1.5 mM MgCl2, 0.01% (v/v) Tween 20, 0.2 mM each

dNTP and 1.25 units Tag DNA polymerase). All amplifications included an initial

denaturation step at 95 °C for 1 min followed by a phase of 5 cycles at 94 °C for 30 sec,

annealing temperature (Table 3) for 30 sec and 72 °C for 30 sec. The 5 cycles were

amplified fragments were
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followed by 30 cycles of 30 sec at 92 °C, 45 sec at the annealing temperature (Table 3)

analysed on a 6% denaturing polyacrylamide gel using a 4200 LI-COR automatic DNA

sequencer (MWG-B1OTECH). For this purpose, the forward primers were labelled with

infrared radiations, either 700 or 800 1RJD. Four PCR products (with different radiation

loading mixture, 1.0 pl from each of the PCR products was pooled, 2.0 pl of sterile

double distilled water added, then 1.5 pl of the mixture taken and mixed with an

equivalent amount of loading buffer. The mixture was heated for 4 min at 94 °C,

immediately put on ice and 1.0 pl was loaded in each lane. External size markers

consisting of a mixture of samples with known alleles for each of the microsatellite loci

were loaded on the first, middle and last lane of each gel. Scoring of the allele sizes was

done using the Gene ImagIR™ software.

3.4 Statistical analyses

Observed allele frequencies

kindly provided by Stephen Park, (park@tcd.ie)). The allele frequencies were used in the

determination of both within- and between-population genetic variation.

wave length or different sizes) were co-loaded in a single lane of the gel. To prepare the

and 55 sec at 72 °C. Final extension was for 30 min at 72 °C. The PCR products were

were computed using the Excel macros (a programme

mailto:park@tcd.ie
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3.4.1 Determination of genetic variation within populations and test for Hardy-

Weinberg equilibrium

Genetic diversity within each population was determined as the mean number of alleles

per locus and average observed and expected heterozygosities. Number of alleles per

locus per population was obtained by direct counting. Average observed and expected

heterozygosities were calculated using the GENEPOP package version 3.1 (Raymond

and Rousset, 1995a). Deviations from Hardy-Weinberg equilibrium (HWE) were tested

in two ways: (a) for each locus per population by an exact test using Guo and

Thompson’s (1992) Markov chain Monte Carlo algorithm implemented in the

GENEPOP package version 3.1 (Raymond and Rousset, 1995a); and (b) for all loci and

populations using Fisher’s method in the GENEPOP package version 3.1 (Raymond and

Rousset, 1995a). In addition, the correlation between pairs of genes within individuals

within populations (inbreeding coefficient) (/) (Weir and Cockerham, 1984), analogous

3.4.2 Measurement of population sub-division

The drift-based classical measures of population differentiation (F-statistics): the

correlation of genes between individuals in the same population (0) (Weir and

Cockerham, 1984) and the coefficient of gene differentiation (GST)(Nei, 1973),

was estimated using the GENEPOP package version 3.1.to Wright’s FIS,
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were used to measure the genetic differentiation among the

populations. These measures were considered more appropriate for this analysis because

genetic drift is said to be the main factor in genetic differentiation among closely related

populations or for short-term evolution (Reynolds et al., 1983; Weir, 1990; Takezaki and

Nei, 1996). The parameter 0 was estimated using the GENEPOP package version 3.1

(Ota, 1993). The significance of breed differences was tested using an exact test of

population differentiation (Raymond and Rousset, 1995b) implemented in the

GENEPOP package version 3.1. The exact test of differentiation (genic differentiation)

is designed to assess population differentiation based on whether allelic composition is

independent of population assignment. The null hypothesis (Ho) tested is that “ the

allelic distribution is identical across populations”. As an additional measure of

interbreed differentiation, breed assignment test was performed using the WHICHRUN

programme (Banks and Eichert, 2001). It has been demonstrated that the set of alleles an

population. WHICHRUN uses multilocus genotypic data to allocate individuals to their

most likely source population. The likelihood that an individual sample may come from

each of the source populations is presumed to be equal to the Hardy-Weinberg frequency

of its specific genotype at each locus in each respective source population. Likelihood

values for each locus are multiplied to give a series of multi-locus likelihood functions

for assignment of individuals to each of the source populations. Alternative hypotheses

analogous to Wright’s FST,

organism carries for a panel of microsatellites can be used to identify its source

(Raymond and Rousset, 1995a) while GST was estimated using the DISPAN program
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that individual samples in question may come from each source population were

evaluated using the jacknife method. A jacknife method provides a more empirical

means for evaluating baseline data and the chances of correct allocation.

The genetic structure of eastern African goat populations was studied by assessing the

similarity between individual animals. The similarity between individual animals was

measured as the proportion of alleles shared over all loci and a distance measure between

pairs of individuals was calculated as 1- Ps (Bowcock et al., 1994) using the

MICROSAT program (Minch, 2000). Where Ps is the proportion of alleles that the

individuals share averaged over loci. A distance matrix for all individuals was generated

using the MICROSAT program (Minch, 2000). A neighbour-joining tree (NJ) (Saitou

and Nei, 1987) using individual animals as operational taxonomic units (OTUs) was

constructed with the distance matrix derived from the allele-sharing statistic. The

TREEVIEW program (Page, 1996) was used to build the tree.

3.4.3 Determination of genetic variation and relationships among populations

Genetic diversity among populations was measured using three genetic distances: Nei’s

(1972) standard genetic distance (Ds), Nei et al.’s (1983) angular distance (DJ and

Goldstein et al. ’s (1995b) distance (Sp)2. The Ds distance is based on the infinite alleles

model (IAM) and is said to be more appropriate for estimating evolutionary time. The



82

Da distance is based on genetic drift model and has been shown to be efficient in

recovering the true topology of an evolutionary tree of closely related populations. The

(8pt)2 distance is based on stepwise mutational mode (SMM) and has been shown to be

appropriate for estimating evolutionary time for microsatellite loci. Both Ds and DA

distance measures were computed using the DISPAN program (Ota, 1993). The NJ

methodology (Saitou and Nei, 1987) implemented in the DISPAN program was used to

construct the phylogenetic tree of breed relationships. The NJ method is known to be

more efficient than many other methods in obtaining the correct tree (Rzhetsky and Nei,

1992). The reliability of the tree topology was examined by performing 1000 bootstrap

resampling. The (8p)2 genetic distance was computed using the MICROSAT program

(Minch, 2000) and the NJ tree was built using the TREEVIEW program (Page, 1996).

3.4.4 Multidimensional scaling and principal component analysis

Multidimensional scaling (Manly, 1986) was used to produce graphical representation of

the genetic distances (DA distances) between the populations. The DA distance, compared

to Ds and (8p)2, revealed better the relationships of the breeds and hence, it was used

here. Multidimensional scaling analysis was done using the XLSTAT program (version

4.3) (Fahmy, 2000). Multidimensional scaling is a method that reduces the distance

matrix to a set of co-ordinates representing the populations in a small number of

dimensions (e.g. two or three). The purpose of multidimensional scaling is to determine
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both the dimensionality needed to represent the information in the distance matrix

adequately and the position of the points, so that there is maximum correspondence

between the observed distances and the inter-point distances. The co-ordinates selected

minimise the difference between the observed genetic distances and the fitted distances.

The goodness of fit of the distances between co-ordinates (fitted distances) to the

observed distances is measured by a stress statistic. The stress statistic varies between 0

and 1, with small values of stress (0 to 0.1) indicating a better fit.

A principal component analysis (PCA)(Manly, 1986) was carried out on the allele

frequencies to determine breed relationships based directly on the gene frequencies. PCA

involves a linear transformation of the observed allele frequencies into a new set of

variables (in geometrical terms, a rotation of the co-ordinate axes). The new variables

chosen so as to minimise the variation of the transformed data measured along each new

co-ordinate axis. PCA was performed using the XLSTAT program (version 4.3) (Fahmy,

2000). The first three principal components are the most informative and, in the present

inspection of the relationships of all populations.

are uncorrelated with each other. The coefficients defining the linear transformations are

study, these were plotted on a three-dimensional scatter diagram to allow visual
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CHAPTER 4

4.0: RESULTS

4.1 Genetic diversity within and among sub-Saharan African goats

A total of 592 individuals, from 10 African breeds and five breeds from outside Africa,

were analyzed by determining genotypes at 19 microsatellite loci. All loci were

polymorphic and a total of 263 alleles were detected. The numbers of alleles at each

locus for each breed are presented in Appendix 1. Table 4 shows the size range, number

of alleles and gene diversity for each locus analyzed. The number of alleles across all

breeds varied from 8 for locus MAF35 to 23 for locus OarFCB304. Mean gene diversity

0.019).

4.1.1 Hardy-Weinberg equilibrium test

A summary matrix of the tests performed to test the deviations from Hardy-Weinberg

equilibrium (HWE) is shown in Appendix 2. In total, 95 out of 285 locus-population

combination tests conformed to HWE proportions. The genotypes for loci ILSTS17 and

OarFCB304 showed significant deviation from HWE expectations in all sub-Saharan

was lowest for the locus MAF35 (0.321 ± 0.044) and highest for MAF65 (0.796 ±
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Table 4: Size ranges, number of alleles and gene diversity of the nineteen (19) loci

analysed

Locus Size range (bp) Number of alleles Mean gene diversity ± s.e.

BM1818 250 - 300 13 0.759 ± 0.020

BMC 1222 13 0.685 ± 0.029273 - 297

BMS357 102-138 18 0.734 ± 0.033

0.695 ±0.019BMS1494 252-284 15

0.480 ± 0.049ILSTS5 164-194 12

0.705 ± 0.02419250-316ILSTS11
0.658 ± 0.03911122 - 142ILSTS17
0.493 ± 0.06217135 - 175ILSTS44
0.599 ± 0.03719139- 1791LSTS87
0.569 ±0.0329133 - 167INRA5
0.624 ± 0.03110141 - 179INRA63
0.512 ±0.04511139-159INRA132
0.321 ±0.044899-119MAF35
0.796 ±0.01914104- 138MAF65
0.443 ± 0.0639101 - 131MAF209
0.713 ±0.03422130-176OarAE129
0.651 ±0.04423128-180OarFCB304
0.585 ± 0.04511107 - 127SRCRSP3
0.582 ± 0.0259115-131SRCRSP7
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African breeds. Table 5 shows the total number of loci showing departure from HWE

and the estimates of/(analogous of Wright’s FIS) in each breed analyzed. The highest

number of loci showing departure from HWE were observed in the Ndebele goats; the

breed revealed significant departure (P < 0.05) from HWE at all loci. The Arsi-Bale

goats had the minimum number of loci (9 loci) showing deviation from HWE. When the

results were pooled across loci and breeds using Fisher’s combined probability method,

all populations showed significant deviation (P < 0.001) from HWE expectations. The

average values for f estimates across all loci were all positive and ranged from 0.126 ±

deficiency of heterozygosity from Hardy-Weinberg expectations. Genotypic

disequilibrium was assessed for all pair-wise combinations of loci in each population.

The exact test for non-random association of genotypes across loci in each population

revealed 168 pairs (out of 1065 pairs) of loci with significant values (P < 0.05) in all the

15 breeds.

4.1.2 Genetic variation within breeds

Genetic variability within breeds was measured by the mean number of alleles per locus

and average heterozygosity (both observed and expected) (Table 6). Among the sub-

Saharan African breeds, the mean number of alleles ranged from 5.26 ± 0.464 to 7.05 ±

0.516 in Djallonke and Mubende, respectively. When all breeds were considered, the

0.082 to 0.500 ± 0.046 in Grisons Striped and Ndebele, respectively, indicating a
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lowest mean number of alleles (4.05 ± 0.442) was observed in Toggenburg while the

Bandipur from Nepal had the highest (7.47 ± 0.646). Observed average heterozygosity

per breed ranged from 0.342 ± 0.038 in Ndebele to 0.547 ± 0.048 in Mongolian

Cashmere. For the expected heterozygosity, the lowest value (0.542 ± 0.036) was found

in Pafuri while the highest value was observed in Ndebele (0.672 + 0.031). In all cases,

average observed heterozygosities were lower than that expected under HWE.

4.1.3 Measures of population differentiation

Table 7 shows two measures of population subdivion, the GST (Nei, 1973) and 0 (Weir

and Cockerham, 1984) (analogous of Wright’s FST), values across breeds. The values for

the two measures of population differentiation were more or less the same. The overall

values were 0.157 and 0.146 for GST and 0, respectively. Locus MAF35 had very high

values (0.481 for GST and 0.504 for 0) and locus INRA63 had the lowest values, 0.095

and 0.076 for GSTand 0, respectively. The exact test for population differentiation for all

pairs of breeds across all loci showed that all breeds were significantly (P < 0.001)

different from each other. When breed pairs were tested at each locus (Appendix 4), only

164 tests (out of 1995 tests) showed that the two breeds being compared were not

different from each other.
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The results of the breed assignment test (Table 8) showed that on average 92.1% of the

animals could be assigned correctly to their original population. In each breed the

proportion of individuals assigned to their source population ranged from 79% for

Mubende goats to 100% for Arsi-Bale, Arab, Toggenburg and Bandipur.

4.1.4 Pair-wise genetic distances among sub-Saharan African breeds

Three measures of genetic distances, Ds, DA and (8g)2 were used to estimate the genetic

and (8g)2, respectively. For all measures of genetic distances, the lowest distances were

observed between Arsi-Bale and North West Highland (Ethiopian breeds) and it was

0.0819, 0.0874 and 0.1590 for Ds, DA and (8g)2, respectively. Among the sub-Saharan

African goat breeds, the largest distance for Ds was found between Pafuri and West

African Dwarf (WAD) (0.4222) while for DA the largest distance was between Pafuri

and Djallonke (0.2731). For the (8g)2 distances, the largest distance was observed

between Pafuri and Maure (7.106). For all the 15 breeds analyzed, the largest distances

respectively. Generally, the distance values for (8g)2 were higher than those of Ds and

Arab (Emirates) (0.3824) and Pafuri and Maure (7.106) for Ds,

Da distances.

were found between Mongolian Cashmere and Djallonke (0.6942), Toggenburg and

Da and (8g)2,

distance for each pair of breeds. The data are shown in Tables 9, 10 and 11 for Ds, DA
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Table 5: Number of loci showing deviations from HWE and estimates of inbreeding

coefficients /) in sub-Saharan African goats

Breed Average /estimates ± s.e.

African breeds

0.457 ± 0.06717

Reference breeds
Arab
Grisons Striped
Toggenburg
Mongolian Cashmere
Bandipur

Number of loci 
significantly deviating 
from HWE

14 
10 
7 
8
10

12
18
17
9
10

12
15
12
19

0.266 ± 0.056
0.429 ± 0.036
0.464 ± 0.048
0.218 ±0.057
0.306 ±0.057

0.303 ±0.079
0.300 ±0.078
0.320 ±0.070
0.500 ± 0.046

0.311 ±0.057
0.126 ±0.082
0.162 ±0.066
0.144 ±0.049
0.242 ± 0.059

Maasai
Kigezi
Mubende
Arsi-Bale
North West Highland
(NWH)
West African Dwarf
(WAD)
Mau re
Djallonke
Pafuri
Ndebele
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Table 6: Within-breed genetic diversity of sub-Saharan African goats as indicated

by mean number of alleles per locus and average heterozygosity

Breed Mean number of Average observed Average expected
alleles ± s.e. heterozygosity ± s.e. heterozygosity ± s.e.

African breeds

Maasai 5.84 ±0.327 0.420 ± 0.040 0.588 ±0.037

Kigezi 6.00 ±0.452 0.376 ± 0.032 0.649 ± 0.032

Mubende 7.05 ±0.516 0.356 ±0.034 0.656 ±0.035

0.672 ±0.031Ndebele 6.84 ±0.318 0.342 ±0.038

0.366 ±0.051 0.637 ±0.0366.11 ±0.483WAD

0.406 ±0.041 0.597 ± 0.0405.79 ±0.570NWH

0.542 ± 0.0360.376 ±0.0485.74 ±0.523Pafuri
0.609 ±0.0410.421 ±0.0536.05 ±0.521Maure

0.475 ±0.038 0.623 ±0.0345.95 ±0.623Arsi-Bale
0.423 ± 0.056 0.569 ±0.0455.26 ±0.464Djallonke

Reference breeds

0.587 ± 0.0500.391 ±0.0445.53 ±0.564Arab
0.509 ± 0.060 0.559 ±0.0565.58 ±0.608Grisons Striped
0.473 ± 0.068 0.553 ±0.0604.05 ± 0.442Toggenburg
0.547 ± 0.048 0.634 ±0.0446.53 ± 0.707Mongolian Cashmere

0.645 ± 0.0490.498 ± 0.0557.47 ± 0.646Bandipur
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Table 7: Measures of population differentiation in sub-Saharan African goats

Locus 0

BM1818 0.111 0.096

BMC 1222 0.125 0.108

BMS357 0.168 0.159

BMS1494 0.104 0.097

ILSTS5 0.0940.109

ILSTS11 0.1360.151

ILSTS17 0.099 0.082

0.225ILSTS44 0.242

0.205 0.207ILSTS87

0.102 0.092INRA5

0.0760.095INRA63

0.2010.2271NRA132

0.5040.481MAF35
0.1150.125MAF65

0.148 0.333MAF209
0.164 0.157OarAE129

0.167 0.154OarFCB304

0.099 0.082SRCRSP3

0.0970.110SRCRSP7

0.1460.157AU loci

Gst



92

-ao o o o o o

o

o o o o o o o

z
o

o o

o o o o o o o

o o o o o o o o o o o o o o

.52
o o

o

o

oo
CJ

o

oo

oooooooo oo

oooooooo oo

oo

o cn <n
oooooooo o

o O o oKO

Q

O

C3

o
GS

O 
O

O 
O

.BP

Q <
£

£ z

a 
W

ri

ex

cs*

oo

’O 
o

OO 
a> s 
cl 
H

oo

o s

• o

C3
PQ

U 
P 
PX,

o

o

cs
CU

o
&
-u

■s
T3 z

-a 
§ 

CQ

J2) 

s

I

ro 
o 
C/J

R'~ <

r-*

CS
GO

o 
CJ

-3
in

o

6°

o 
f-« 

cj

o 
o

2
So 
X 
co

o 
CJ

X?
x:
CJ « 
G)
g
O
£
co

s
.5 '2
cs
o 
o on«
C 
o 
CJ
o

P-<

g
CJ

bJD

co

o' O 
I

I 
-S z>

o u<
3 O

o'
24S o

U.

JO 
tu- a •— o 
J tn

o .
JO JO
E ■* 
a 
s 
o

« i~. 
> tn 

Q "
r-^

I
JO 
u

"O _
% .2,

3
CO s 
■I S
C4-< o CJ

I
II

1 w S)io

<
GO

i—

’5 
i w 

Q S < s

s

73
-S xj 
00 a> 
‘C <i> o £

o
H 

I 
u tn •r- o

H

oo
KO - - - 
oo r> cn m o

. co 
CS OO M- o o

o cs rn o 
cs cs o o\ o

wn 
o o o o cs

<n 
ocsoooooo

o
ovSoooooo

»n 
ooc^ooooo

o 
o 

OOGSOOOOO

o 
o 

000-0000

«n
A ri
Knoooocsoo

OO 
xr 

OOOOOOOCK

o ~o <1 
s

cs cn vi cs cs o cs o

cs «nri o tt o cs

cs 
OGKOOOOOO

KO
ooooooori

r>- Kn
o o Tf cs o

co «n 
o o cs o cs*

o

CxOCSOOOOO

o 
c< 

cs o r* o o

cn »n 
o o cs* o cs

”3 £?

"o

ri o
(S O O CS GK

•n g vq 
o o o o o c< — cs

O o

S ,2P^ -g 5- qT'm J M’S -c o.2°° S s w S Z > 3-Z S-£ S < Q*M o H s c-ra

O 3 bD^ _ 

2 £ ®
i i sf 
bD'tJ « 

••—j Cu 2 s 
.s ._r -o' «GJ r-* C'S E g § O 
3 « 3 c 
g S .2P.2 
a ■ ~a 
<D 

£

o

1 1 T3
3 g §

3 1 
g r " u» 

rO
(D

-rs k

2 1 rt —
E O’ 

« «
rt

I w1 <
E i
S jo

C I

Z S
1 2E -

> CD



93

4.1.5 Phylogenetic relationships among breeds

The neighbour-joining (NJ) tree shown in Figure 2 was constructed using the Ds genetic

distances. The phylogeny of all breeds revealed five clusters. The first cluster comprised

of West African breeds (WAD, Maure and Djallonke) and the second cluster was made

up of eastern African breeds (Maasai, Kigezi, Mubende, Arsi-Bale and North West

Highland). The Arab (Emirates) from the United Arab Emirates formed the third cluster.

The fourth cluster consisted of the breeds of Southern Africa (Pafuri and Ndebele) and

the fifth cluster was made up of the European breeds (Grisons Striped and Toggenburg)

and the Asian breeds (Mongolian Cashmere and Bandipur). Within the fifth cluster, two

subclusters could be identified, one for the European breeds and the other for the Asian

breeds. The bootstrap values (number of times a node was observed in 1000 replicates of

resampled loci) ranged from 15 to 95%. The NJ tree generated using the DA distances

(Figure 3) indicated six clusters. The first cluster consisted of East African breeds

(Maasai, Kigezi, Mubende) and the second cluster consisted of West African breeds.

cluster with the other Eastern African goats, the DA based phylogenetic tree separated

these breeds from the East African breeds (Maasai, Kigezi, Mubende) and they formed

the third cluster. The fourth cluster was made up of breeds from Southern Africa and the

fifth cluster consisted of one breed, the Arab (Emirates). Finally, the sixth cluster

consisted of the European - Asian breeds. As was the case with the phylogeny generated

Unlike the phylogeny based on Ds in which the Ethiopian breeds were on the same
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using the Ds genetic distances, the two sub-clusters for European and Asian breeds were

revealed in this phylogeny. The bootstrap values ranged from 38 to 97%. The phylogeny

made up of one Ethiopian goat population (Arsi-Bale) and the second cluster consisted

of Pafuri, Ndebele, North West Highland, Grisons Striped and Kigezi. The third cluster

had three subclusters, the first comprised of East African goats (Mubende and Maasai),

the second subcluster consisted of Asian and Middle East breeds (Bandipur, Mongolian

Cashmere and Arab (Emirates)), and the third subcluster consisted of West African

breeds (Maure, WAD and Djallonke) grouped together with a European breed

(Toggenburg).

constructed from (8p)2 distances indicated three major clusters. The first cluster was
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UAD38
65 Maure

Djallonke15
Masai

Z9 55 Kigezi
ZZ Mubende

41 AsiBale
45 ---NUH

Enirates
Pafuri

Ndebele
GrisonsStriped8135 Toggenburg

9Z Mongolian
95 Bandipur

Figure 2: Unrooted neighbour-joining tree generated from Ds distances showing 
genetic relationships among 10 goat breeds of sub-Saharan Africa and 5 
breeds from outside Africa

The numbers at each node are percentage boostrap values obtained after 1000 
replications of resampled loci.
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Masa i54
60 Xigezi

Mubende46
Maure

WAD8163
66 Djallonke
NUH38

83 AsiBale
85 Ndebele

71 Pafuri
Emirates

GrisonsStriped97
Toggenburg

Mongolian
95 Bandipur

Numbers at the nodes are bootstrapping values from 1000 replicates.

Figure 3: Unrooted neighbour-joining tree showing genetic relationships of 10 
breeds from sub-Saharan Africa and 5 breeds from outside Africa based 
on Da genetic distances
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ASIBALE

Kigezi

GrisonsStr

NWH

Ndebele

PAFURI

Masai

Mubende

Emirates

Mongolian

Bandipur

Toggenburg

—DJALLONKE

WAD

MAURE
0.1

Figure 4: Unrooted Neighbour-joining tree showing genetic relationships of 10 breeds from sub- 
Saharan Africa and 5 breeds from outside Africa based on (8p)2 genetic distances 

0.1 is the units on the linear scale which relates the branch lengths to (Sp.)2 units.
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4.1.6 Results of principal component analysis and multidimensional scaling

Figure 5 (a) illustrates the plots of the first, second and third principal component scores

obtained from the analysis of allele frequencies. The first principal component accounted

for 16.1% of the total variability and separated the European-Asian breeds and the East

African breeds (Maasai, Kigezi and Mubende) from the rest of the breeds. The second

principal component accounted for 12.4% of the variation and clearly separated the

European breeds from the Asian breeds. The Arab (Emirates) from the Middle East was

also separated from the African, European and Asian breeds with this principal

component. The third principal component, which separated the West African breeds

from the other African breeds, accounted for 9.1% of the total variation. The 3-

dimensional diagram (Figure 5 (b)) obtained by combining the first three principal

components indicated three separate groupings of the breeds of sub-Saharan Africa, the

first group being for the West African breeds, the second for the eastern African breeds

and the third for the breeds of southern Africa. The Mubende goats were well separated

from all other African breeds. When all the breeds were considered, the PCA revealed

that the European breeds were well separated from the Asian breeds. The African breeds

Cashmere was found to be closer to the breeds of Southern Africa than to the Bandipur

from Nepal. The first ten principal components accounted for 86.1% of the variation

and, in total 14 principal components were required to account for all the variation.

were found to be in between the Asian breeds and the European breeds. The Mongolian
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Figure 6 illustrates the graphical representation of the DA genetic distance matrix using

clearly the grouping of the sub-Saharan African goats into the three groups revealed by

principal component analysis i.e. a group of eastern African breeds (Maasai, Kigezi,

Mubende, North West Highland and Arsi-Bale), a group of Southern African breeds

(Ndebele and Pafuri) and a group of West African breeds (WAD, Maure and Djallonke).

Similarly, the European breeds were separated from the Asian breeds. The Arab

(Emirates) was well separated from all other breeds.

multidimensional scaling. The plot has a stress statistic of 0.11. The plot indicated
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Figure 5(b): Three-dimensional scatterplot for the 10 African breeds and 5 
reference breeds from outside Africa generated by combining the 
first three principal components

The first tliree components were plotted with the first, second and third 
principal components represented by axes 1, 2 and 3, respectively. The 
letters stand for the breeds: A - Maasai, B - Kigezi, C - Mubende, D - 
Arab (Emirates), E - Ndebele, F - West African Dwarf, G - North West 
Highland, H - Pafuri, I - Maure, J - Arsi-Bale, K - Djallonke, L — Grisons 
Striped, M - Toggenburg, N- Mongolian Cashmere and P - Bandipur.
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Figure 6: Graphical representation of the DA genetic distances among 10 African 
breeds and 5 reference breeds using multidimensional scaling

The letters stand for the breeds: A - Maasai, B - Kigezi, C - Mubende, D - 
Arab Emirates, E - Ndebele, F - West African Dwarf, G — North West 
Highland, H - Pafuri, I - Maure, J - Arsi-Bale, K - Djallonke, L - Grisons 
Striped, M - Toggenburg, N- Mongolian Cashmere and P - Bandipur.
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4.2 Genetic diversity and structure of eastern African goats

A summary of the results for the HWE tests is presented in Appendix 5. Out of 247

locus-population combinations, 140 tests showed significant (P < 0.05) deviations from

HWE expectation. At locus BMS357, all populations revealed genotype frequencies

which significantly (P < 0.05) deviated from HWE proportions while at locus MAF209,

10 out of 13 populations did not show significant (P > 0.05) departure from HWE

expectation. Table 12 indicates the total number of loci showing deviations from HWE

and f estimates per population. The Galla had the minimum number of loci (5 loci) with

genotype frequencies significantly (P < 0.05) different from HWE proportions. On the

other hand, Ugogo and Mbeya goats showed significant (P < 0.05) departures from

HWE at 14 and 13 loci, respectively, out of the 19 loci analysed. The average f estimates

were all positive and ranged from 0.066 ± 0.061 in Galla to 0.238 ± 0.040 in Tanzanian

Coastal goats.

4.2.2 Within population genetic diversity

The measures of genetic variation within populations are shown in Table 13. In total,

201 alleles were detected in the 13 eastern African goats across the 19 loci analyzed. The



107

numbers of alleles at each locus in each population are given in Appendix 5. Table 13

shows that, among the eastern African goats, the lowest mean number of alleles per

locus was observed in Boran (5.53 ± 0.698) and Galla (5.53 ± 0.599) goats while the

highest number of alleles was found in Afar goats (6.53 ± 0.646). Correspondingly, the

Afar goats had the highest observed (0.613 ± 0.038) and expected (0.667 ± 0.035)

heterozygosities. The lowest heterozygosities, both observed (0.455 ± 0.037) and

expected (0.553 ± 0.036), were found in Newala goats.

4.2.3 Population differentiation

Estimates of population subdivision (GST and 0 ) are given in Table 14. It is evident that

values ranged from 0.06 for locus INRA132 to 0.70 for locus MAF35 while 0 ranged

from 0.04 to 0.72 for the same loci. The overall values were 0.12 and 0.11 for GST and 0,

respectively. The exact test for population differentiation between pairs of populations at

each locus revealed that out of 1482 tests, only 363 tests indicated no significant

differentiation. The overall test by Fisher’s method indicated that all pair-wise

comparisons for eastern African goat populations were significantly differentiated from

each other in terms of allele frequencies at the loci analyzed. The results for the

assignment of individual animals to their source populations are presented in Table 15.

the two measures of population subdivision were approximately equivalent. The GST
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Table 12: Number of loci that showed significant departure of genotype

proportions from HWE and inbreeding coefficient (/) estimates in

eastern African goat populations

Population f estimates ± s.e.

0.071 ±0.061

11
5
11

0.092 ±0.065
0.066 ±0.061
0.087 ±0.032

0.076 ± 0.047
0.238 ± 0.040
0.196 ±0.048
0.151 ±0.047
0.168 ±0.043
0.146 ±0.039
0.161 ±0.048
0.169 ±0.046
0.143 ±0.051
0.191 ±0.051
0.194 ±0.061
0.071 ±0.052

10 
13 
14 
12 
12
10 
12 
13 
10 
II
7 
10

Kenyan Small East
African (KSEA)
Boran
Galla
North East Highland
(NEH)
Afar
Tanzanian Coastal
Ugogo
Ujiji
Maasai
Sukuma
Newala
Mbeya
Landim
Tswana
Venda
Red Sokoto

Number of loci showing 
deviations from HWE 

8
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heterozygosities in eastern African goats

Population Average expectedMean number of alleles Average observed

heterozygosity ± s.eper locus ± s.e. heterozygosity ± s.e

Eastern African

0.609 ± 0.036KSEA 0.542 ± 0.0355.63 ±0.553

0.602 ± 0.0350.536 ±0.0415.53 ±0.698Boran

0.615 ±0.0380.566 ±0.046Galla 5.53 ±0.599

0.618 ±0.0380.565 ±0.0416.00 ±0.519NEH
0.667 ± 0.0350.613 ±0.0386.53 ±0.646Afar

0.627 ±0.0360.481 ±0.042Tanzanian Coastal 6.26 ± 0.425
0.630 ± 0.0420.507 ± 0.0425.95 ±0.527Ugogo
0.642 ± 0.0320.542 ± 0.0406.16 ±0.520Ujiji
0.595 ± 0.0400.485 ±0.0395.95 ±0.449Masai
0.624 ± 0.0440.524 ±0.0406.26 ±0.670Sukuma
0.553 ±0.0360.455 ± 0.0375.74 ±0.545Newala
0.646 ± 0.0280.541 ±0.0396.21 ±0.487Mbeya
0.610 + 0.0480.524 ± 0.0456.21 ±0.629Landim

Reference breeds
0.633 ± 0.0340.518 ±0.0446.53 ±0.574Tswana
0.603 ± 0.0440.488 ±0.0534.79 ±0.416Venda
0.639 ± 0.0420.594 ±0.0516.21 ±0.712Red Sokoto

Table 13: Mean number of alleles per locus, average observed and expected
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Among the eastern African goats, the lowest proportion of individuals correctly assigned

to their source population was found in Ugogo goats (64.6%) and Galla goats (65%)

while the highest proportion was observed in Newala goats (100%). The overall

percentage of animals assigned to their source population was 79.1%.

4.2.4 Genetic structure of eastern African goats

The genetic structure of eastern African goats was assessed using the phylogenetic

analysis of individual animals. The phylogenetic trees using individual animals as the

taxonomic units for the Tanzanian and Ethiopian-Kenyan goat populations are shown in

Figures 7 and 8, respectively. For the Tanzanian goats (Figure 7), the pattern of grouping

clusters for each population. The Table shows that 83% (15 out of 18 animals) of the

Tanzanian Coastal goats were found in cluster I at the top of the tree. Cluster II consisted

of a mixture of Ujiji (89%), Ugogo (50%), Sukuma (44%), Maasai (22%) and Mbeya

(17%) goat populations. Cluster III at the middle of the tree was mainly made up of a

mixture of Mbeya (61%), Sukuma (44%) and Ugogo (17%) goats. The Newala goats

(94%) were grouped in cluster IV. Cluster V consisted of the Tswana goats (reference

breed) and cluster VI at the bottom of the tree was mainly made up of the Maasai goats

(50%).

can be divided into 6 clusters. Table 16 shows the distribution of animals into these
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'fable 14: Estimates of genetic differentiation between eastern African goat
populations

Microsatellite Locus 0

BM1818 0.094 0.083

BMC 1222 0.086 0.069

BMS357 0.103 0.088

0.096 0.089BMS1494

0.1060.124ILSTS5

0.128 0.122ILSTS11

0.0550.071ILSTS17

0.1060.1431LSTS44

0.0730.082ILSTS87

0.0610.0721NRA5
0.0840.090INRA63
0.0380.057INRA132
0.7200.701MAF35
0.1230.122MAF65
0.0790.100MAF209
0.0580.078OarAE129
0.0700.079OarFCB304
0.0610.068SRCRSP3
0.1140.130SRCRSP7
0.1100.120All loci
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In the phylogenetic tree for the Ethiopian-Kenyan populations (Figure 8), seven clusters

could be identified. Table 17 shows the distributions of animals into these clusters. The

Kenyan Small East African were found mainly in cluster III (68%) and VI (12%), the

Boran were distributed in cluster I (20%), II (12%), III (16%), V (28%) and VI (12%).

The Galla appeared to be spread in clusters III (45%) and V (30%). The Afar were found

in cluster I (68%) and II (12%). The North East Highland were distributed in cluster II

(20%), III (16%), VI (40%) and VII (20%). The Tswana goats (reference breed) were

found in cluster IV (88%).



I

II

H   

m

MB1

IV
NW8

 nW
 -=p

V

TC15-tS8
CI

MB12

VI
0.1

MS11 —
NW5

Figure 7: Neighbour-joining dendrogram constructed from allele-sharing 
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Tabic 16: Allocation of animals into clusters identified from the individual animals

dendrogram of the Tanzanian goat populations

Populations Clusters Total

I II III IV V VI

15 1 0 0 1 1 18

Table 17: Allocation of animals into clusters identified from the individual animals

dendrogram of the Ethiopian - Kenyan goat populations

TotalPopulations
VIIVIVIIII II

9
16
8
3
4
0
0
41

17
4
9
4
0
3
37

n

2 
8
11
1 
0 
0
25

1
7
6
0
0
0
14

1
0
0
0
3

0
18
23

1
2
1
5
3 
0 
12

18
18
18
18
18
18
18
144

25
25
20
25
25
25
145

2
5
1
1
17 
0
26

1
3
2

3
0
14

0
1
0
0
I
22
24

0 
0 
1
0 
0 
17 
0 
18

3 
3
1
10
1 
0
18

KSEA 
Boran 
Galla 
NEH 
Afar 
Tswana
Total

5 
0 
0

1 
0 
0 
24

0 
0
1
1
9
1 
0
13

Tanzanian 
Coastal 
Ugogo 
Ujiji 
Sukuma 
Mbeya 
Maasai 
Newala 
Tswana 
Total

Clusters
-TV
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4.2.5 Pair-wise genetic distances among eastern African goat populations

Genetic distances between pairs of populations are shown in Tables 18 and 19 for Ds and

Da genetic distances, respectively. Among the eastern African populations, the lowest

observed between Ugogo and Landim (0.3859) followed by Tanzanian Coastal and

Landim (0.3839) for the Ds genetic distance. When all populations were considered, the

highest distance was observed between WAD and Newala goats (0.5897). For the DA

distance, the pair of populations that had the lowest distances were Sukuma - Ugogo

(0.0676), Afar - North East Highland (0.0684) and Boran - Galla (0.0687). The highest

distance was observed between Ujiji and Landim (0.2260), followed by Ugogo and

Landim (0.2171). For all the populations, the highest DA distance was found between

Newala and Toggenburg (0.3017).

4.2.6 Phylogenetic relationships among eastern African goat populations

The dendrogram showing the genetic relationships based on Ds genetic distances among

the eastern African goat populations is shown in Figure 9. This dendrogram indicates

three groupings of eastern African goats. The first group, which also contains the

reference breeds from West Africa (West African Dwarf and Red Sokoto), consisted of

Boran and Galla. The second group consisted of North East Highland, Afar and Kenyan

distance was found between Boran and Galla (0.0381) while the highest distance was
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subgroup separated from the Ethiopian goats (North East Highland and Afar). The third

group was made up of the Tanzanian goat populations. This could be divided into two

subgroups, one containing Newala, Mbeya and Tanzanian Coastal goats and the other

containing Sukuma, Maasai, Ugogo and Ujiji goats.

based dendrogram of genetic relationships among eastern

African goat populations. This dendrogram clustered the goats of eastern Africa into two

groups, a group of Kenyan - Ethiopian populations and a group of Tanzanian

populations. The first group had two subgroups, the first being for Ethiopian populations

(North East Highland and Afar) while the second subgroup consisted of Kenyan

populations (Boran, Galla and Kenyan Small East African). In the second group, three

subgroups could be identified. The first subgroup was made up of Tanzanian Coastal and

Maasai, the second subgroup consisted of Newala and Mbeya, while the last subgroup

consisted of Sukuma, Ugogo and Ujiji.

Both dendrograms (Figures 9 and 10), showed that the Landim goats are genetically

closer to the goats of southern Africa (Tswana and Venda) than to the eastern African

goats. Also the European breed (Toggenburg) is genetically close to the southern African

goats but well separated from eastern African goats.

Small East African. However, the Kenyan Small East African formed their own

Figure 10 shows the DA-
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The numbers at the nodes are bootstrap values for 1000 bootstrap 
resamplings.

Ugogo

—Ujiji

Figure 9: Unrooted neighbour-joining tree constructed from Ds distances showing 
genetic relationships of 13 eastern African goat populations and five 
reference goat populations from southern Africa and West Africa and 
one European breed
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Tsuana63
68 Uenda

46 Landin
36 Toggenburg

RedSokoto
99 UAD5

NEH90
Afar

'2
29

63 Galla
Tzcoast3?

Masai
Neuala57

4
31

47

Bootstrap values are shown at each node.

KenyanSEA

— Boran

Mbeya 
—Sukuna

Ugogo
--- Ujiji

Figure 10: Unrooted neighbour-joining tree constructed from DA genetic distances 
showing genetic relationships of 13 eastern African goat populations 
and five reference goat populations from West Africa and southern 
Africa and one European breed
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4.2.7 Principal components analysis and multidimensional scaling

The plots of the first three principal components are shown in Figure 11 (a). The first,

second and third components accounted for 13.9%, 11.8% and 9.8% of the total

variations. The first principal component separated the breeds from West Africa while

the second principal component separated the European breed from eastern African

goats. The breeds from southern Africa were separated from the eastern African goats by

the third principal component. The first ten principal components accounted for 77.7%

of the variability. Figure 11 (b) shows the three-dimensional PCA plot constructed using

the first three principal components simultaneously. The 3-dimensional plot indicated

that the eastern African goats are very close to each other. However, close inspection of

the plot revealed two clusters of eastern African goats, the cluster of Ethiopian - Kenyan

goats and the cluster of Tanzanian goats. Unlike the dendrograms, the PCA plot showed

that the West African goat populations are well separated from all eastern African goat

populations while the goats of southern Africa

goats. It can also be noted that the European breed (Toggenburg) is well separated from

all African goat populations.

The graphical representation of the DA genetic distance matrix using multidimensional

scaling (Figure 12) showed that the eastern African goat populations were clustered into

are closely related to eastern African

two groups, a group of Tanzanian populations and a group of Ethiopian-Kenyan
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populations. Among the Tanzanian populations, the Newala goats were separated from

the other goat populations. The reference breeds from southern Africa (Tswana and

Venda) as well as from West Africa (WAD and Red Sokoto) were separated from the

two groups of eastern African goats. The European breed (Toggenburg) was well

separated from all African breeds. The value of the stress statistic was 0.13.
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The first three principal components are plotted with the first, second and third 
components represented as axes 1, 2 and 3, respectively. The letters represent 
the breeds: A - Tswana, B - Venda, C - Kenyan Small East African, D — 
Toggenburg, E - Landim, F - Boran, G - Galla, H - North East Highland, I - 
Afar, J - Tanzanian Coastal, K - Ugogo, L - Ujiji, M - Maasai, N - Sukuma, 
P - Newala, Q - Mbeya, R - Red Sokoto and S - WAD.

Figure 11 (b): Three-dimensional scatterplot showing the genetic relationships of 
13 eastern African goat populations and five reference goat 
populations from West Africa and southern Africa and one 
European breed
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CHAPTERS

5.0: DISCUSSION

5.1 Genetic diversity within and among sub-Saharan African goats

The main focus of this study was to examine the genetic diversity within- and between-

populations of goats from sub-Saharan Africa using allele frequencies data obtained

from microsatellite analysis. Microsatellite data can be used to produce genetic distances

among the breeds, the

recommended that, for studies of genetic distance, microsatellite markers to be used

should have more than four alleles to reduce the standard error of the distance estimates.

In this study the total number of alleles per locus ranged from 8 (MAF35) to 23

(OarFCB304). This observed number of alleles for each locus demonstrates that all the

microsatellitc loci were sufficiently polymorphic in the goat populations studied. Mean

gene diversity for each locus ranged from 0.321 (MAF35) to 0.796 (MAF65) indicating

that the markers used were a mixture of slightly less polymorphic markers and very

polymorphic markers in most of the populations. The use of a mixture of very

polymorphic and less polymorphic microsatellites reduces the danger of overestimating

genetic variability which might occur if only very polymorphic loci are used (Wimmers

et al., 2000).

raw material for phylogenetic analyses. Barker (1994)
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The first step in studying genetic differentiation among populations within a species is to

test for HWE conformity. HWE testing is done in order to see if populations can be

characterised by allelic frequency instead of genotypic frequency. In this study, the exact

test for HWE indicated that out of 285 locus-population combinations, 190 tests showed

significant (P < 0.05) departures from HWE. This was more than what would be

expected to occur by chance alone. Since the genotype frequencies deviated from HWE

proportions, the expected average heterozygosity was not equal to the average

proportions of heterozygotes in the populations studied, but rather, it should be

considered as the probability that two randomly chosen genes from a population are

different (Nei, 1987). According to Nei (1987), this probability is called gene diversity.

Gene diversity is equivalent to heterozygosity in a randomly mating diploid population

heterozygosity (Nei, 1987).

Deviations from expected HWE values may be caused by many factors: inbreeding or

outbreeding, selection, population subdivision, migration or gene flow from an external

population and existence of null alleles. The estimates for the coefficient of inbreeding

(/) gave positive average values in all populations. Positive f values indicate deficit of

heterozygotes, thus providing evidence for inbreeding to be common in the populations

studied. However, this conclusion does not hold, since by investigating ail the tests at all

and can be defined in terms of gene frequencies in the same way as that of
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loci (Appendix 3), all populations showed both positive and negative/values. Negative/

indicates excess heterozygotes thus revealing outbreeding. In addition, except the

Ndebele goats, none of the loci analysed showed systematic deviations across all

populations. Though no problems were encountered in amplifying PCR fragments at any

locus, the problem of null alleles cannot be excluded as some of the markers (MAF35,

MAF209 and ILSTS44) were monomorphic in some of the populations. Non-amplifying

alleles due to mutations at PCR primer sites have been frequently reported in

species are used in studies of another species. In this study, most of the primers were

bovine and ovine and the overall deficit of heterozygotes observed in all populations

suggests that this was probably the true situation in these cases. However, in a large-

scale population survey of genetic variation like this where there is no pedigree

information, it is difficult to say which factor caused the deviations. According to Callen

et al. (1993), if the genotype proportions at a locus are not in HWE for a number of

populations, perhaps it is an evidence of selection or an indication of null alleles.

Conversely, if a population deviates significantly from HWE at a number of independent

loci, it suggests that the population may actually be composed of discrete demes, subject

samples were collected from more than one area (i.e.

compliance with HWE does not indicate the reason for non-compliance. A

administrative districts) for each breed. However, it should be remembered that non­

microsatellite analysis (Arranz et al., 1998), especially when suitable markers in one

actually subdivided as

to undergoing nonrandom mating. Therefore, it is possible that the populations were
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mutation, selection and migration) for HWE did not hold for those populations.

5.1.1 Genetic variation within breeds

considered to be a reasonable indicator of genetic variation within the populations,

provided that the populations are at mutation-drift equilibrium and that sample size is

more or less the same (MacHugh et al., 1997). Generally, all populations studied

revealed high level of allelic diversity, the mean number of alleles ranged from 5.26 ±

0.464 in Djallonke to 7.05 ±0.516 in Mubende goats. When the mean number of alleles

per locus and gene diversity (expected heterozygosity) are compared among the goat

breeds studied, it is evident that the African (except Djallonke for the number of alleles

and Pafuri for the expected heterozygosity) and Asian populations had slightly higher

values than the European breeds. This phenomenon, of lower level of genetic variation

in European breeds, as measured by allelic and gene diversities, has also been observed

in cattle (MacHugh et al., 1997) and has been attributed to the recent evolutionary

history of European populations. Reproductive isolation and artificial selection, with the

concomitant increase in the level of inbreeding, may have contributed to the slightly

lower levels of genetic variability within the European breeds.

that at least one

demonstration that the populations did not have HWE genotypic frequencies only means

of the assumptions (i.e. large population, random mating, with no

Mean number of alleles observed over a range of loci in different populations is
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A more appiopriate measure of genetic variation within a population is gene diversity

(average expected heterozygosity) (Nei, 1987). Gene diversity for each breed ranged

from 54.2% in Pafuri to 67.2% in Ndebele. This level of genetic diversity is similar to

the values reported in Swiss goat breeds (51 - 58%) for 20 microsatellite loci

(Saitbekova et al., 1999), but is slightly lower than those reported in Chinese goat breeds

(77.7 - 82.3%) for 6 microsatellite loci (Yang et al., 1999). It is possible that the small

number of markers (6) used in the case of the Chinese breeds were all very polymorphic

and thus overestimated the expected heterozygosity. The levels of gene diversity

observed in the goats of sub-Saharan Africa are comparable to the values reported in

African cattle (MacHugh et al., 1997) and chicken (Wimmers et al., 2000) but below the

values observed in humans (Bowcock et al., 1994). This is probably, because of

strictness of cultural norms for avoiding mating between closely related individuals in

humans, which is not commonly the case in livestock.

5.1.2 Population differentiation

The two estimators of population subdivision indicated that the levels of population

differentiation were considerable as all values for GST and 0 differed from zero and the

exact test of population differentiation indicated significant differentiation between pair-

wise comparisons. The breed assignment test confirmed the differentiation among the

breeds. In the assignment test 92.1% of all animals genotyped for 19 microsatellite loci
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between the breeds. Since there have been no deliberate efforts undertaken to create

distinct goat breeds in sub-Saharan Africa, founder effects and genetic drift may have

due to population differences, the remaining 85.4 (for GST) and 84.3% (for 0)

corresponded to differences among individuals within the populations. These values for

the between-breed variation are close to that reported in Swiss goats (17%) (Saitbekova

et al., 1999) using microsatellites and higher than the amount of variation observed

among goat breeds (10.7%) from Africa, Middle East, Asia and Europe using mtDNA

analysis (Luikart et al., 2001). Furthermore, the values observed in this study are slightly

higher than that reported in European cattle breeds (10.5%) (MacHugh et al., 1998) and

within the range found in humans (10 - 20% (Cavalli-Sforza et al., 1994). Analysis of

the estimators of population differentiation can provide an indication of the evolutionary

forces acting on individual markers. In this study, considerable breed differentiation was

variation was due to between breed differences). This is because locus MAF35 was

monomorphic for different alleles in most of the breeds; that is, there were few

overlapping alleles between populations. This suggests that genetic drift is operating at

this locus and thus, causing fixation or loss of alternative alleles in different populations.

and 0 values indicated that between 14.6 and 15.7 % of the total genetic variation was

were correctly assigned to their original breed. Reproductive isolation due to geographic

barriers or socio-political reasons had caused the genetic differentiation observed

played a major role in the differentiation of African populations. The multi-locus GST

observed at locus MAF35 (48.1 and 50.4% for GST and 0, respectively, of the total
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Probably the locus is close to a region of the genome that is under strong influence of

natural selection.

5.1.3 Genetic relationships

were estimated. These measures were selected due to their superior performance in

distance is based on the infinite alleles model and the DA is based on genetic drift model.

The (5li)2 distance assumes the stepwise mutational model which is thought to be

appropriate for microsatellite data. The data in Tables 9, 10 and 11 for the three genetic

distance measures showed that the values for (Sp.)2 distance were higher than those for

Ds and DA distances. A close examination of the three measures of genetic distances,

revealed that the distances between eastern African breeds and southern African breeds

African breeds or West African breeds and eastern African breeds. The largest distance

values were those between West African breeds and the breeds from southern Africa.

This indicates that the breeds of southern Africa were more closely related to the eastern

African breeds than to the breeds of West Africa.

were smaller than the distances between either West African breeds and southern

phylogeny reconstruction when using microsatellites (Takezaki and Nei, 1996). The Ds

Three different measures of genetic distance (Ds, DA and (5p)2) between pairs of breeds
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The phylogenies constructed from the three distance measures indicated that Ds and DA

grouped the breeds according to their geographic locations of origin but (8p)2 distances

did not show a clear pattern of population clustering. Unlike the phylogenies constructed

from Ds (Figure 2) and DA (Figure 3), the phylogeny generated from (8p)2 distances

(Figure 4) showed that the two European breeds did not cluster together: Toggenburg

containing southern African populations and eastern African populations. Also the East

African goats (Maasai, Mubende and Kigezi) were separated into different groups. From

this observation it can be said that the genetic distances estimated from (8p)2 were less

effective in revealing the true genetic relationships of the populations compared to those

estimated from Ds and DA. Similar observation has been reported by Kantanen (1999)

who found the values for (8p)2 distances to be less reliable, compared to DA distances,

in recovering the evolutionary history of North European cattle breeds.

Although the phylogenies constructed from Ds (Figure 2) and DA (Figure 3) distances

separation was observed between the group of European-Asian breeds and the group of

African breeds indicating that European breeds are more closely related to Asian breeds

(breeds from Mongolia and Nepal) than to African breeds. This is probably due to

admixture or introgression of Europeans breeds into Asian breeds. For a long time

European breeds have been exported to Asia to improve milk production of local breeds

was grouped together with the West African goats while Grisons Striped was in a cluster

were slightly different, there was a general accordance in their topology. A clear
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through crossbreeding but

European and African breeds. However, the multidimensional scaling and principal

component analyses showed that the European and Asian breeds are well separated from

each other. Hence, it is conceivable that the close relationships between European and

Asian breeds evident in the phylogenetic trees may be a result of the limitation of

phylogenetic analysis procedure to show the relationships of distantly related breeds

when using microsatellite data.

A close investigation of the two phylogenies (Ds-and Debased dendrograms) showed

that the phylogeny based on DA distances clearly separated all the breeds from outside

Africa from the African breeds. In the phylogeny constructed from the Ds distances the

Arab (Emirates) breed (from the Middle East) was grouped together with the African

breeds. Bootstrap values (percentage of occurrence of a node in 1000 bootstrap

resampling of loci) ranged from 15 to 95% for Debased phylogeny and 38 to 97% for

Debased phylogeny. This indicates that the topology for the phylogeny constructed

distances. This is in agreement with the findings of Arranz et al. (1998) who, in a study

of Spanish sheep, reported higher bootstrap values for the dendrogram constructed from

Da distances, compared to that constructed from Ds distances. Similarly, in a simulation

study to compare different genetic distance measures, Takezaki and Nei (1996)

concluded that DA genetic distance gives the best performance in obtaining the correct

from Da distances was more reliable than that of the phylogeny based on the Ds

no widespread crossbreeding has been practised between
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studied better than that based

evident that the breeds were grouped according to their geographic origins. A similar

observation of populations clustering according to their geographic origins has been

reported in humans (Bowcock et al., 1994), cattle (MacHugh et al., 1997), and chickens

(Wimmers et al., 2000). This implies that geographically adjacent populations are more

genetically related, probably because of founder effects and interbreeding, especially

around bordering areas.

The three-dimensional plot for principal component analysis (PCA) (Figure 5) and the

multidimensional scaling (Figure 6) support the grouping of the African populations

according to their geographic origins, i.e. West Africa, eastern Africa and southern

Africa. The eastern African breeds were found to be in between the West African breeds

and the southern African breeds. This confirmed the observation that the largest genetic

distances were those between southern African breeds and West African breeds. Hence,

it can be said that the eastern African breeds are more closely related to either of the two

each other. Unlike the results of the phylogenies, the plots for PCA and the

multidimensional scaling indicated the separation between the European and Asian

breeds more clearly. This is in agreement with the results of the study of domestication

on the Ds distances. From the Debased phylogeny it is

tree topology from microsatellite data. In view of this, it can be said that the phylogeny

based on DA distances recovered the evolutionary relationships of the populations

groups (West African and southern African breeds) than the two groups are related to
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and phylogeography of Taurine and Zebu cattle by MacHugh et al. (1997) which

ieported the PCA, using microsatellite allele frequencies, to be a powerful tool for

revealing the underlying evolutionary history among distantly related populations of

cattle from Africa, Europe and Asia. While the PCA results of the present study provide

breed, the multidimensional scaling grouped the two breeds together, but the interpoint

distance between the two breeds was large. This implies that, though grouped together

by the phylogenies, Mongolian Cashmere and Bandipur are somewhat distinct breeds.

5.2 Genetic variation within and among eastern African populations

5.2.1 Within population genetic diversity

The mean number of alleles per locus ranged from 5.53 to 6.53 and the average level of

gene diversity ranged from 55.3% to 61.3% indicating that all populations had relatively

high within-population genetic variability. The narrow range of these values indicates

that the differences, in terms of within-population genetic variability, are not large

among the eastern Africa goat populations. Intercrossing between adjacent populations

this relatively high level of within-population genetic diversity in all populations. The

levels of genetic variations observed in eastern African populations are comparable to

no evidence for the Mongolian Cashmere breed to cluster together with the Bandipur

may be the main factor homogenising the level of genetic variation and thus retaining
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those observed in other goats of sub-Saharan Africa (section 5.1.1). This is most likely a

direct reflection of the absence of strict breed standards in Africa similar to the western

definition in which animal registration ensures breed boundaries. The mean number of

alleles and the gene diversity observed in eastern African goat populations corresponds

to that reported in East African cattle from microsatellite analysis (Okomo et al., 1998).

This implies that the ruminant livestock in eastern Africa are, in large part, quite outbred.

Deviations from HWE were observed in all eastern African goat populations and average

observed heterozygosity was always lower than expected heterozygosity. Moreover, the

values of f in all populations were positive suggesting some inbreeding within the

populations. However, deviation from HWE can be caused by other factors such as

assortative mating, population subdivision, selection, migration or gene flow from an

external population and presence of experimentally undetectable alleles (null alleles). As

explained above, in a genetic variation survey like this, it is not possible to determine

which factors caused these deviations.

5.2.2 Population differentiation

The overall values of the measures of population genetic differentiation (GST and 9)

indicated that the proportion of genetic variations due to interpopulation subdivision

12% and 11% for Gsr and 0, respectively.

slightly lower than those reported for the first data set onAs expected, these values are

among eastern African goat populations was
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the whole of sub-Saharan Africa (section 5.1.2), indicating that the extent of genetic

each other compared to those which are far apart. This could be attributed to admixture

between adjacent populations or recent separation from a common ancestral population.

significantly differentiated in terms of allelic composition across all the 19 loci analysed.

The results of the assignment test indicated that on average, 79.1% of all animals from

populations. This may reflect a relatively low level of gene flow between populations

probably due to limited movements of populations across national borders.

5.2.3 Individual animals genetic relationships

The neighbour-joining dendrograms in which each individual animal from the eastern

African goat populations was treated as a taxonomic unit are shown in Figures 7 and 8.

The dendrogram for the Tanzanian goats (Figure 7) indicated that, among the

populations analysed, Newala and Tanzanian Coastal goats appeared to be tightly

clustered together. However, close investigation revealed that, only Newala goats

formed a distinct cluster. This is because 94% of the animals from the Newala

found in a single clade and only 6% of the animals from other

populations were found in this clade. In the breed assignment test 100% of the animals

However, the exact test for population differentiation indicated that the populations are

population were

the 13 eastern African goat populations were correctly assigned to their source

differentiation is low for populations which are geographically in close proximity to



141

fiom the Newala goats were correctly assigned to their source population. Also the plot

(Figure 12) for multidimensional scaling confirmed the separation of the Newala goats

from other Tanzanian goats. This indicates that the Newala goats are very distinct from

other Tanzanian goats as a result of limited movement and trade between the Newala

district and other parts of Tanzania. Although most of the Tanzanian Coastal goats

appeared in a single clade, in this clade there were an appreciable number of animals

from the other populations. Out of the 24 animals in this clade, 9 (38%) w'ere from other

populations (Ugogo, Mbeya, Maasai). This was expected as animals from the goat

populations in the interior are normally brought to the Coastal region through trade

resulting in substantial interbreeding. The rest of the populations (Ugogo, Ujiji, Sukuma,

Mbeya and Maasai), did not show a clear pattern of clustering. The lack of population­

specific clustering for these populations is probably a consequence of a recent

evolutionary history or of intermixing and interbreeding as communities keeping these

populations intermingle. The dendrogram showing the relationships between individual

animals from the Ethiopian and Kenyan populations (Figure 8) indicated that, only

Kenyan Small East African and Afar goat populations appeared in a distinct clade (17

out of 25 animals clustered together). The rest of the populations showed a very low

degree of population structuring: Animals from North East Highland, Boran, and Galla

distributed both at the top and at the bottom of the tree. The small

tendency for clustering together for individuals from the same population may be a result

populations were

the other f anzanian goats, probably, because of little mixing of the Newala goats with
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of a recent separation from a common ancestral population or population admixture. An

examination of the two dendrograms (Figures 7 and 8), shows that the reference breed

(Tswana goats) from southern Africa was differentiated from the eastern African goat

populations.

5.2.4 Genetic relationships among populations

The phylogenetic relationships of eastern African goat populations is shown in Figures 9

and 10. There were some differences in the topology of the two phylogenies because the

position of some populations differed between the two dendrograms. However, both

phylogenies clearly showed the differentiation of the Tanzanian populations from the

Ethiopian and Kenyan populations. This is probably because of relatively longer period

geographical distances. Also, the continuing movements of the Ethiopian and Kenyan

pastoralists between southern Ethiopia and North-east Kenya (the place where the goats

populations than is experienced between Kenyan and Tanzanian populations. As

reported above, in the study of sub-Saharan African goats, the phylogeny constructed

from Da distances represented better the evolutionary relationships of the eastern African

populations. In Figure 10 the eastern African populations are clearly separated from

other African goats (used as reference breeds). In this phylogeny (Figure 10) the

of separation of the Tanzanian goats from the Ethiopian-Kenyan goats due to

were sampled) may be responsible for admixture between Ethiopian and Kenyan
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populations

and genetic drift may have played a major role in the differentiation of the populations

between countries. This is supported by the fact that, among the Kenyan populations, the

Small East African goats, sampled from the south-west, are separated from the Boran

and Galla sampled from the north-east. Also, the Tanzanian populations were grouped

according to their locations of origin. However, the bootstrap values are low for most of

the nodes. This indicates that the topology of eastern African goat population clade is

not robust implying that there is low level of genetic differentiation between

populations. The low level of differentiation between populations is also reflected in the

branching orders, which vary depending on the genetic distance measure used.

The principal component analysis and the multidimensional scaling support the

separation of the Tanzanian populations from the Ethiopian-Kenyan populations.

Although the principal component analysis was carried out on allele frequencies and the

multidimensional scaling was based on genetic distances, the two plots of breed

relationships were in good agreement. The small inter-point distances between the two

groups may be the result of recent separation from a common ancestral population,

the case for sub-Saharan African goats, the PCA plot showed that the goats from

southern Africa are genetically closer to eastern African goat populations than to the

goats of West Africa.

are grouped according to countries of origin indicating that founder effects

coupled with lack of selection to create standardised populations or breeds. Also, as was
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5.3 Evolutionary relationships and origins of domestic goats

The current classification of goat breeds is based on body size, ear shape and length,

horn types and functions. It is assumed that the differences in such traits reflect distinct

origins or genetic identity. The classification of the breeds studied according to these

criteria is shown in Tables 1 and 2. Investigation of the phylogenies indicated that the

phylogeny constructed from DA distances best grouped the African breeds according to

their phenotypic characterisation. Among the West African breeds, the Maure goats,

classified as “Intermediate twisted horn” breed type, were separated from the Dwarf

small horn breeds, the WAD and Djallonke. Also the PCA plot indicated that the WAD

and the Djallonke are more close to each other than to the Maure. Similarly, for the

eastern African goat populations, there is clear separation of the Ethiopian - Kenyan

(North East Highland, Afar, Boran and Galla) breeds, classified as “Intermediate East

African goats”, from the Tanzanian populations which are classified as “Small East

African goats”. However, the Landim goats, classified as Small East African goats,

clustered together with the long lop-eared breeds (Tswana and Venda). This made the

conclusion that the breeds were related according to phenotypic characteristics not to

hold. The lack of long lop-eared goats from Northern Africa in this study made it

impossible to show that the genetic relationships of the breeds were according to

physical types rather than geographic locations of origin as explained above. However, it

has been reported that morphological differences between populations are not taken into
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account by neutral molecular markers such as microsatellite (Hartl and Clark, 1997). It is

genetic drift process that causes the genetic differentiation between populations detected

by the use of neutral molecular markers. Hence, breed relationships were more related to

geographical locations of the breeds than to the morphological differences between the

breeds.

Domestication of goats is thought to have occurred in the highlands of western Iran

10,000 years before present (Zeder and Hesse, 2000). Archaeological evidence based on

changes in skeletal morphology, particularly population-wide reduction in body size

following human-controlled management, changes in age and sex profiles resulting from

controlled breeding and selective slaughter of young males, and metrical analyses of

skeletal collections from modem wild goats, have been used to locate the place of early

domestication. It is believed that goats entered Africa from the Middle East and were

first domesticated in Egypt. From Egypt goats moved westwards to West Africa and

southwards through Sudan and Ethiopia to East Africa. Thus, the present-day goat

relationships among the breeds in Figure 3 support the evolutionary split of African,

European and Asian breeds from the Middle East breeds represented by the Arab

(Emirates) breed. Multidimensional scaling and the analysis of allele frequencies by

PCA revealed the separation of African, European and Asian breeds more clearly, thus,

providing a strong indicator of different ancestry. Luikart et al. (2001) suggested three

populations may indicate a clue to their ancient ancestors. The phylogenetic
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distinct origins of domestic goats from mtDNA analysis. According to Luikart et al.

(2001) domestic goats arose from three independent domestication locations, the first

being in the southern Turkish region, the second place is the Zagros Mountains and the

third place is the Indus Basin. However, the intercontinental mixing and interbreeding of

goat breeds through human movements and trade may have disturbed the phylogenetic

relationships of the breeds. Population admixture has been shown to affect the

relationships among breeds (Blott et al., 1998). For the African breeds, the phylogeny

(Figure 3) indicates the differentiation of eastern African populations, West African

populations and southern African populations from Ethiopian populations. This supports

the contention that, from the centre of domestication in north-east Africa, two

movements were followed in the spread of goats in Africa, one westwards to west Africa

and another one southwards to East Africa. With regard to the goats of southern Africa,

there are two hypotheses which have been suggested to explain the origins of all

ruminant livestock in southern Africa (Smith, 2000). The first hypothesis is that the

African Iron Age people moved southwards with their livestock from Cameroon and the

second hypothesis is that East African herders moved far southwards to southern Africa.

The second hypothesis is supported by the widespread distribution of Small short-eared

goats, like those of East Africa, in southern Africa - Malawi, Mozambique, Zambia,

Zimbabwe and some parts of South Africa. The present study supports the second

hypothesis. This is because, the genetic distances between West African breeds and

southern African breeds were larger than those between eastern African breeds and
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southern African breeds. This was reflected in the plot for multidimensional scaling. The

figure presented (Figure 6) had a stress statistic of 0.11 implying that the plot provides a

good representation of the population relationships. The PCA plot also indicates that the

southern African breeds are more closely related to eastern African breeds than to West

African breeds.

5.4 Implication for conservation programmes

in danger of

extinction. Thus, making a decision about which breeds will be prioritised for

conservation programmes is unlikely to be an easy task. One criterion used to classify a

specific population as an important genetic resource is its distinctiveness from other

populations within the species. Hence, genetic uniqueness is an important input into

priority setting for conservation programmes. It is assumed that conservation of

breeds/populations that are genetically different is a means of ensuring that the species

will have sufficient genetic variation to adapt to environmental changes and respond to

genetically divergent from each other are more likely to possess different alleles and

gene combinations affecting a range of traits that may be important for adaptation for

future production environments.

selection in future generations. This is due to the fact that breeds/populations that are

Resources are limited while large numbers of indigenous breeds are
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Looking at the phylogenies (Figures 2 and 3), it seems that there is sufficient

differentiation among the goat populations of West, eastern and southern Africa. Thus, it

is important to consider separate conservation programmes for the three regions of sub-

Saharan Africa. Within each region, populations can be selected based on their within-

population genetic variability, giving priority to the populations with the highest number

of alleles and gene diversity. The phylogenies for eastern African populations revealed

that there is also differentiation of goat populations between countries, hence,

necessitating that each country should have its own conservation programme for priority

breeds. Since the difference in within population diversity, as indicated by the mean

number of alleles per locus and gene diversity, was not large, a few populations can be

selected without losing much of the genetic diversity. However, in selecting populations

for conservation, other factors should be considered apart from the genetic uniqueness of

the populations and within population variability. According to Hammond (1993), the

following factors should be considered: degree of endangerment, adaptation to a specific

environment, traits of economic importance, unique traits and cultural or historical

values. For instance, among the goats of sub-Saharan Africa, the Pafuri of Mozambique

has been listed by FAO as an endangered breed, the West African Dwarf from the coast

of West Africa is adapted to the tsetse infested areas, the Red Sokoto of Nigeria is

valued for its skin and the Mubende of Uganda is useful for leather production.

Although, some of these populations (e.g. Pafuri) may have low genetic variability,

because of their special attributes, they deserve to be conserved.
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The use of microsatcllitc loci is regarded as the best available method to assess genetic

variability among closely related populations. However, it is questionable whether by

using microsatellites, which are non-coding loci, the populations carrying unique traits

that may be beneficial now or in the future can be identified. It has been suggested that

the final target for genetic characterisation should be to detect variations within genomic

regions having effects on phenotypes of economic importance. In recent years, efforts

have been put on the identification and mapping of genes in economically important

livestock. Thus, in the near future it will be possible to select breeds for conservation

based on the presence of unique alleles or allelic combinations coding for specific

production or adaptability related traits. Furthermore, it will be possible to select breeds

based on microsatellite loci associated with genomic region coding for economically

important traits as currently microsatellites are the markers of choice for gene mapping

studies in livestock species. Nonetheless, microsatellite marker technology will remain

first step in short-listing candidate breeds for

conservation before other data (e.g. economic value or resistance genes) become

available or can be used in combination with such data.

useful in genetic diversity studies as a
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CHAPTER 6

6.0 CONCLUSSIONS AND RECOMMENDATIONS

The two studies have shown that microsatellite analysis is very useful in examining the

genetic relationships of closely related goat populations in sub-Saharan Africa and in

assigning individual animals to their source populations. Specifically the two studies

have indicated that:-

(i)

number of alleles per locus and gene diversity, in African goat populations is

relatively high and that the differences in terms of number of alleles and gene

diversity among the populations are small.

The two estimators of population subdivision, GST and 0 indicated that in the(ii)

goats of sub-Saharan Africa, between 14.6% and 15.7% of the total genetic

variation is between breeds/populations, the rest being among individuals

within the breeds/populations. When only eastern African goats are

considered, the level of genetic variation between breeds/populations

decreases to 11 % - 12%.

The phylogenetic trees grouped the goats of sub-Saharan Africa according to(iii)

their geographic origins indicating that the goats of eastern Africa, West

Africa and southern Africa are substantially differentiated from each other.

Also, the case study of eastern African goats showed that there is substantial

The level of within-population genetic diversity, as measured by the mean
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population differentiation according to country

country.

(iv) In this study, the phylogeny based on DA distance was found to be more

reliable compared to those based on other distance measures((8|.i)2 and Ds) in

revealing the evolutionary relationships of closely related goat populations of

sub-Saharan Africa. Furthermore, Debased phylogeny differentiated the

breeds according to their geographic origins more clearly than the phylogeny

based on (8p)2distance.

The principal component analysis and multidimensional scaling revealed(v)

better the genetic relationships of distantly related populations (African,

European and Asian breeds) than did the phylogenetic trees. On the other

hand, the phylogenetic trees based on DA and Ds distances revealed more

clearly the genetic relationships of closely related populations (populations

within the same country) compared to the principal component analysis .

The study has shown the necessity of having conservation programmes for(vi)

goat populations of each region of sub-Saharan Africa (i.e eastern Africa,

West Africa and southern Africa). Moreover, given the between country

differentiation, it is important for each country to have its own conservation

programme. Since the differences among the populations in terms of within-

population variability is not large and the genetic distances between pairs of

or even regions within



152

populations within the country arc small, few populations per country can be

selected without losing much of the genetic diversity.

(vii) It is suggested that the socio-economic value and performance of the different

indigenous populations be established in order to facilitate and rationalize the

establishment of conservation and sustainable utilisation programmes.

Information on traits such as longevity, fertility, mortality, disease resistance,

feed and management requirements should be gathered. These characters

might significantly contribute in making a decision about which breeds will

be prioritised for conservation programmes.
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