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________________________________________________________________________________ 
Abstract 

Indigenous sheep of Kenya are very important to resource-poor farmers and pastoralists.  They have 
over time adapted to the harsh environmental conditions of the arid and semi-arid lands where they are faced 
with challenges of persistent droughts, diseases, conflicts and poor nutrition, yet show resistance to 
gastrointestinal nematodes.  In recent years, these indigenous sheep populations have been crossbred 
indiscriminately to exotic breeds particularly the Dorper.  A study was undertaken to determine the level of 
genetic diversity and relatedness between the various sheep populations and breeds of Kenya.  This paper 
reports results on the genetic diversity and admixture observed using microsatellite DNA markers. 
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Introduction 

Indigenous genetic resources of Africa and the world at large are threatened with extinction (FAO, 
2000; 2007).  In sub-Saharan Africa it has been estimated that 30% of the indigenous genetic resources are at 
risk of becoming extinct before they are characterised and documented (Rege et al., 1996).  The indigenous 
sheep of Kenya can be classified as fat-tailed or fat-rumped (Rege et al., 1996).  These include the Red 
Maasai (Figure 1a) and the East African Fat Tailed (Figure 1b).  These sheep are faced with many challenges 
including persistent droughts, diseases, conflicts and poor nutrition (Kosgey et al., 2008).  Their ability to 
walk long distances in search of pasture and adaptability to the harsh environmental conditions (Owen et al., 
2005) and together with some unique traits, like resistance to gastrointestinal nematodes (Baker et al., 2002) 
increases their importance to resource-poor farmers and pastoralists. However, the greatest challenge being 
faced by these populations is the indiscriminate cross breeding with exotic breeds and especially with the 
Dorper (Figure 1c) and causing increasing threat to this unique breed, with possibility of extinction.  This 
study was undertaken to characterize the indigenous breeds of Kenya at the molecular level in order to 
provide information on the risk status of the sheep breeds with the goal of using the information generated 
for their conservation and rational management. 

 
 

 
 
 
 
 
 
 
 
 
Figure 1 a-c The sheep of Kenya. (a) Red Maasai (b) East African Fat-tailed (c) Exotic Dorper sheep. 
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Materials and Methods 
Nine sheep populations were sampled from the West of the Rift Valley (Migori, Homa Bay/Kendu 

Bay, Transmara and Kakamega) and the East of the Rift Valley (Kajiado, Naivasha/Olmagogo, Laikipia East 
and Laikipia West) of Kenya (Table 1).  DNA was extracted from blood (Sambrook et al., 1989) and 
amplified using 15 DNA microsatellite markers selected from a joint committee of FAO and International 
Society for Animal Genetics (ISAG) list of markers (OARFCB20, TGLA53, MCM42, OARVH72, BM8125, 
ILSTS11, OARJMP29, OARFCB11, ILSTS005, MAF209, SRCRSP5, DYMS1, SRCRSP9, MAF214, 
OARFCB226).  The PCR products were separated using an ABI 3730 DNA analyzer.  The data was analysed 
by GeneMapper® software (version 3.7, Applied Biosystems).  The third order least squares method was 
used for size calling.  The genetic diversity for each population was assessed by calculating the mean number 
of alleles, using the programme, MICROSATELLITE TOOLKIT, (Park, 2001) and the expected 
heterozygosity and its standard errors using DISPAN (Ota, 1983).  

 
 

Table 1 Population, type, sampling location, number of individuals, expected heterozygosity (He) and mean 
number of alleles (MNA) per locus of the populations studied 
 

Population Type Sampling 
location* Number MNA HE ± s.e. 

      
Red Maasai-Mutara Fat - tailed East Rift Valley 48 6.16 0.70± 0.03 

Red Maasai-Olmagogo Fat - tailed East Rift Valley 47 5.88 0.66± 0.03 
Kakamega East African Fat Tailed West Rift Valley 30 6.65 0.70± 0.03 

Migori East African Fat Tailed West Rift Valley 30 6.14 0.66± 0.03 
Transmara East African Fat Tailed West Rift Valley 40 6.40 0.70± 0.03 

Dorper Laikipia East Dorper East Rift Valley 30 6.37 0.71± 0.25 
Dorper Laikipia West Dorper East Rift Valley 30 6.59 0.71± 0.03 

Homabay East African Fat Tailed West Rift Valley 32 5.61 0.64± 0.03 
Red Maasai-Kajiado Red Maasai East Rift Valley 47 5.69 0.68± 0.03 

Mean    6.16 0.68 ± 0.03 
      

 
 
The genetic relationships between the sheep breeds were calculated using Nei’s genetic distances (Da) 

(Nei et al., 1983) and a neighbour-joining tree was constructed using the DISPAN programme (Ota, 1983).  
Population admixture analysis using a Bayesian clustering approach was performed using the STRUCTURE 
programme (Pritchard et al., 2000).  

 
Results and Discussion 

High mean number of alleles and high expected heterozyosities were observed for all populations 
sampled, giving an indication of high genetic diversities within the populations (Table 1).  The phylogenetic 
analysis showed two main clusters of sheep, the indigenous populations of Kenya and the exotic populations 
(Figure 1).  The Red Maasai populations sampled from Mutara and Olmagogo (Naivasha) clustered together 
(Figure 1).  However, the Red Maasai sampled from Kadjiado clustered together with the two Dorper 
populations sampled from Laikipia East and West (Figure 1).  This result is supported by the population 
admixture analyses (Figure 2) which show the Kadjiado Red Maasai grouping with the two Dorper 
populations at K = 3. 
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Figure 1 DA Phylogenetic tree representing the genetic relationship between the Kenyan Sheep 
Key: Dorper L.E. = Laikipia East Dorper; Dorper L.W. = Laikipia West Dorper. 

 
 

 
Figure 2 Population admixture analyses using allele frequency data from 15 microsatellite loci typed in 9 
sheep populations. 
 
 
Conclusions 

There is massive introgression of the Dorper genes into the indigenous Red Maasai sheep population, 
in contrast to the situation 15 years earlier, thus causing genetic dilution and threat of this unique indigenous 
breed.  The results also show that the indigenous population in Homabay and the government managed Red 
Maasai nucleus flock at Olmagogo show the greatest distinctness - a rare example where concerted efforts by 
a developing country government has resulted in sustainably conserving and improving an indigenous sheep 
breed, through an ex-situ live method. 
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