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SUMMARY

Fai-tailed sheep are amongst the most widely distributed sheep on the African continent being the
main sheep populations in a large part of Northern Africa (from Egypt to Algeria) and in the Eastern and
Southern African regions (from Eritrea to South Africa). Genetic relationship between fat-tailed sheep
populations is largely unknown. Tweive indigenous Aftican fat-tailed and fat-rump sheep breeds -
Menz, Tekur, Afar, Wello, Horro {ail from Ethiopia), Blackhead Persian (Uganda), Red Maasai
(Kenya), Pedi and Blackhead Persian {South Africa), Tswana (Botswana), Damara (Namibia) and
Ossimi (Egypt) were studied with. 23 autosomal microsatellite loci. Non-African reference breeds
inciuded three fat-tailed sheep populations (Karakul from Central Asia but sampled in Namibia,
Lanzhou from Central China and Awassi from Syria), three thin-tailed breads from West Africa (West
African Dwarf and Uda from Nigeria, Maure from Mali) and three thin-tailed breeds from Europe
(North Ronaldsay, Dorset and Swaledale). Genetic diversity was high within all breeds with observed
heterozygosity ranging from 0.656 % 0.044 (Pedi) to 0.776 £ 0.024 {Ossimi). The standard genetic
distance Ds ranged from 0.083 +0.87 between North Ronaldsay and Wello to (.648 =+ 0.139 between
Lanzhou and Pedi. Average genetic distances between fat-tailed sheep populations of Eastern and
Southern Africa was ©.342 £ 0.0343. Phylogenetic tree (neighbour-joining, D) and multi-dimensional
scaling analysis showed a clear separation of the Eastern and Southern African fat-tailed populations
firm all the other sheep populations. On the other hand, there is no clear distinction between the fat-
tailed sheep populations from outside sub-Saharan Africa and the thin-tailed sheep populations from
Africa and Europe. : )
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INTRODUCTION

It is estimated that the Aftican continent is hosting 209 million head of sheep (FAQ, 1996). They are
a particularly important resource for African farmers providing meat, milk, manure, fibers and hides.
However, introduction of exotic sheep breeds, discase, droughts and civil strife are threatening these
potentially unique genetic resources with extinction. African sheep are thought to have entered the
continent following two routes, vig the Isthmus of Suez and the Homn of Africa. Two main types of
sheep, the fat- and thin-tailed sheep, are currently found on the continent (Mason, 1969).

Fal-tailed sheep populations are found on the Northern part of the continent. from Egypt to Algeria
and on the Eastern and Southern regions of the continent, from Eritrea to South Africa, making them the
most widely distributed sheep ir Africa. The thin-tailed sheep are found mainly in Morocco, Sudan and
in Western Afiica from Senegal to Nigeria. ) .

Awareness of the value of genetic resources has encouraged studics of the genetic diversity present
in different animal species. Recent studies have successfully used microsatellites to characterize the
peneric variation among livestock including sheep (e.g. Hanotte et al., 2000, Hanslik et ad. 2000, Arranz
et al, 1998, MacHugh et of., 1997; Parsons er af.; 1996, Buchanan et al., 1994), The objective of this
study was to defenmine the genetic diversity of sub-Saharan African sheep populations in order to
facilitate their rational development, utilization and congervation. A total of 23 microsatellite genetic
markers were used to study 21 sheep populations that included 12 African fat-tailed populations.



MATERIALS AND METHODS

Populations and DNA extraction oG . :

Twelve fat-tailed and fat-rumped breeds indigenous to Africa were studied. Nine other breeds were
included in the study to serve as reference breeds. Details of breeds, country of origin and phenotype
ate shown in Table 1. Blood or hair samples were callected from. 35 — 40 individuals. Efforis to ensure
that individuals sampled were not closely related involved sclecting only a small number of animals
from cach herd and questioning the farmers on the genealogy of each animal. DNA was extracted from
the blood or hair samples and was amplified with the microsatellite loci listed in Table 2. PCR
products were analyzed by denaturing polyacrylamide gel electrophoresis using an automated DNA
sequencer (ABI 377). The results were analysed using GENESCAN™ 6.7.2 (Ver 3.0) and the

. GENOTYPER™ (Ver 2.0) softwares (Applied Biosystems). fo o : :

Statistical analysis _ ) ] _
Allele frequencies were calculated using the programme Excel Micro 97 (kindly provided by
Stephen Park, spark(@tdc.ic). Observed heterozygosities (Flp), standard genetic distances (Ds) and .
gene diversities between breeds were calculated using the DISPAN program (Ota, 1993). Neighbour-
joining  trees were constructed and the reliability of the tree obtained was examined by a bootstrap test
with 1000 replicates. Multi-dimensional scaling was done using the program XLSTATS (ver 4.3,
Iittp:/Awww.xlstat.com). o ‘ - :

Table 1: Observed heterozygosity (Ho) and mean pumber of alleles per locus

Mean

Populations’ Type Country Hy+ S.F. number of
: ' : alleles per
locus
African Fat-tailed : A
Damara ) Fat-tailed hair ‘Namibia 0.684 £0.038 7.5£0.75
Tswana Fat-tailed hair Botswana 068910053 692064
Podi Fat-tailed hair . 'South Africa 06560044  63x067
Red Maasai : Fat-tailed hair Kenya 0.730+£0.033 7.6 £046
Afar o - Fat-ailed hair Ethiopia - . 0.68210057 7.1£0.72
Horro Fat-tailed hair Ethiopia . 067810035 6.5£0.48
Menz Fat-tailed coarse wool  Ethiopia T 0,720 £0.030 6.9 £0.62
Tekur Fat-tailed coarse wool  Ethiopia 0.718£0.043 - 74%081
Wello Fat-tailed Ethiopia . 0.731 £0.036 7.1:40.54
Ossimi o Fat-tail wool Egypt 0.776 £ 0.024 7.1£054
Blackhead Persian-SA Fatrumphair - - South Africa 0.563 £ 0,033 5906l
Blackhead Persian-UG Fat-rumyp hair Ugenda - 0.742 £0.025 8005
Reference breeds i Mean 0.706 £ 0,236 7.0 2017
Karakul : Fat-tailed fur Central Asia® 0.685 £0.035 7.1 4068
Awassi Fat-tailed fleece wool -~ Syria 0.717 £0.037 7.1£0.65
Lanzhou ) Fat-tailed . China 073440039 . 871076
Swaledale Short-tailed wool United Kingdom 0.701 + 0.043 7.1 £0.67
Dorset Thin-tailed United Kingdom 0717+£0.040 - 7.1%0.66
North Ronaldsay | Thin-tailed . United Kingdom 0.705 £ 0.029. 6.910.56
West Afiican Dwarf (Djallonké)  Thin-tailed hair Nigeria ~  0.723£0025 - 7.5+0.67
Uda . ~ Thin-tailed hair © Nigerda 0,748 £0.029 7.6+066
Maure Thin-tailed hair - Mati . 0.724 £0.032 7.6+08
. Mean = - 0.71710.240 7.4 0,18
L Adapted from Epstein (1971} and Rege ef al. {1996). - *Sampled in Namibia R
RESULTS

Genetic diversity and genetic distances:

A total of 286 different allells were scored. The. mean number of alleles and the average
heterozygosities in each sheep population are indicated at Table 1. The population with the least allelic
diversity was the Blackbead Persian from South Africa, with a mean number of alleles of 5.9 £0.61,
while that with the highest was Lanzhou from China with an average 8.7 + 0.76 alleles per locus.
Amongst the fat-tailed sheep of Eastern and Southern Africa the Blackhead Persian from Uganda had
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the highest allelic diversity of 8.0 + 0.5 (Table 1). On average the alielic diversity was lower amongst
the Afiican fat-tailed sheep compared to the breeds of reference (Table 1). .

The observed heterozygosities were relatively high for all breads and ranged from 0.656 = 0.044 for
Pedi to 0.776 * 0.024 for Ossimi. Average genetic distance between fat-tailed sheep population of
Eastern and Sonthern Africa was 0.342 1 0.035. The pooled heterozygosities for the Aftican fat—tailed
shesp was 0.706 £ 0.236. It was slightly lower than the pooled heterozygosities of the reference breeds
which was 0.717 £ 0.240, i E )

The standard genetic distance (Ds) raniged from 0.083 £ 0.870 between North Ronaldsay and Wello
to 0.648 £ 0.139 between Lanzhou and Pedi (Table 3). A neighbour-joining free constructed from
genctic distances {Ds) showed two main clusters of sheep (Figure 1). The first cluster included the
North African, fat-tailed sheep Ossimi and the Asian, Middle Eastern and European breeds of
reference. All other African breeds clustered together in the second cluster with the Easternand
-Southern fat-tailed breeds being more closely related to each other than to the West African thin—
tailed breeds. With the exception of the two Blackhead Persian populations’ studied, the Eastern and
Southern African fat-tailed populations are clearly separated. Similar regults are obtained with the .
multidimensional scaling analysis where the Eastern and Souathern - African fat-tailect sheep group”
together (Figure 2). s ' .

Figuré 1: Genetic ‘relationships among the sheep breeds (neighbour-joining tfee,Ds, 1000 re-
sampling). : . . .
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Figure 2: Multidimensionat scaling analysis of 21 sheep populations with 23 microsatellite loci

AFA- Afar, Dam- Damara, HOR- Horro, MEN- Menz, PED- Pedi, SWA- Swaledale, TEK- Telr,
TSW- Tswana, WEL- Wello, REM- Red Maasai, AWA- Awasi, LAZ- Lanzhion, DOR- Dorset, BHP-
SA- Blackhead Persian- Somth Africa, WAD- West African Dwarf, BHP- UG-Blackhead Persian-
Uganda, UDA- Uda, KAR- Karakul, OS5- Ossimi, MAU- Maure; NRN- North Ronaldsay

DISCUSSION

The mean number of allefes per locus and the observed heterozygositiy for-all the breeds studied
were relatively high suggesting high levels of genetic diversity within the breeds. The population with
the highest allelic diversity was the Blackhead Persian of Uganda which also showed a relatively high
chserved heterozygosity (Table 1). This population, found in North-Western Uganda, is today fairly
isolated but its past history is unknows. The population with the lowest diversity‘and the second lowest
Fo value amongst the fat-tailed sheep of Africa was the Blackhead Persian sampled in South Africa.
This is relatively surprising because this breed has been used in the development of other breeds such
as the Dorper, White Wool Mountain and Bezuidenhout Africander (Rege ef af., 1996). Its low
diversity could be a consequence of the small size of its founding population in South Africa (Epstein,

1971).

The phylogenetic tree (Figure 1} and multidimensional scali

ng (Figure 2) showed a clear separation of

the Eastern and Southern African fat-tailed sheep from all the other populations of sheep studied. It
should however be noted that the bootstrap values of this tree are generally very low and caution
should be taken in the interpretation of these results. More markers and breeds could further clarify
{hese results. Nevertheless they indicate that most of the present day sheep breeds are the result of
different genetic influences (e.g European, Near Eastern and Asian fat-tatled sheep breeds) with {he
possible exception of the East and South African fat-tailed sheep.

These preliminary results support two separate origins for the fat-sheep populations of Africa, one
through the Isthmus of Suez and another through the Horn of Africa. However, it cannot be fully
exclude that the ancestral populations of the Ossimi could have entered Africa throngh the Horn and
subsequently migrated to the North where they would have crosshred with the local thin-tailed sheep.
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